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FOREWORD

Today's rapidly developing and changing techrologies and industrial
products and practices frequently carry with them tre increased generation
of soiid and hazardous wastes. These materials, if impruperly dealt with,
can threaten both public hedlith and the environment. Abanduned waste sites
and accidental releases of toxic and hazardous substances to the environment
also have important environmental and public health implications. The
Hazardous Waste Engineering Research Laboratory assists in providing an
authoritative and defensible engineering basis for assessing and solving
these problems. Its products support the policies, prugrams and regulations
of the Environmental Frotection Agency, the permitting and other respon-
sibilities of State and local guvernments and the needs of both large and
small businesses in handling their wastes responsibly and economicaily.

This report describes the application of commercially developed hydro-
retallurgical processes to the recovery of metal values frum complex metal
finishing hydroxide sludges. Information in this report will be useful to
the electroplating and waste disposal industries in general and to other
industries responsible for treatment and dispusal of metal bearing process
solutions. . -

For further information, please contact the Alternative Technologies
Division of the Hazardous Waste Engineering Research Laburatory.

David G. Stephan, Director
Hazardous Waste Engineering Research Laboratory
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METAL VALUE RECOVERY
FROM
METAL HYDROXIDE SLUDGES

ABSTRACT

A two year study investigating the potential for metal value recover: from
metal hydroxide sludges has been completed. The objectives of the study were:

‘Develop a flowsheet to separate ard recover metal values from metal
finishing hydroxide sludge materials,

*Develop a test assembly of unit operations to accomplish the
separation of metal values on a scale of 75-100 pounds cf sludge per
day,

“Verify that the large scale unit operations accomplish appropriate
separations and,

*Delineate potential operational problems.

The results of the first phase research Successfully accomplished the
required objectives. Flowsheets were designed and tested on a laboratory scale
prior to full-scale testing. The flowsheets consist of: sulfuric acid
leaching; iron removal by jarosite precipitation (high iron bearing solutions)
or iron solvent extraction (low iron bearing solptions); copper removal by
solvent extraction and copper recovery by either electrowinning or copper
sulfate crystallization; 2inc removal by solvent extraction and zinc recovery
as 2inc sulfate by crystallization; chromium oxidation and subsequent recovery
by lead chromate precipitation; nickel remova. by sultide precipitation or
nickel sulfate crystallization; final solution clean-up of low concentration
residual ions by ion exchange.

Full scale tests have been performed to ascertain the applicability of
each unit operation. Continuous tests have been performed to investigate
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solvent reagent degradation; to develop mass balances; and to delineate
operational problems. The successful application of metallurgical unit
operations to multi-component complex mixed metal sludges has demonstrated that
treatment of such material is possible and economical.

This report was submitted in fulfullment of Grant NumberCR-809305-10 by
Montana Tech Foundation and Grant NumberCR-810736-01 by Montana College of
Minera) Science and Technology under the sponsorship of the U.S. Environmental
Protection Agency. The report covers the period: July 1, 1982 to September
30, 1983 for Grant NumberCR-809305-01 and from Juiy 1, 1983 to September 30,
1584 for Grant NumberCR-810736-01.
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SECTION 1
INTRODUCTION

1.1. PROBLEM DEFINITION

In recent years increased emphasis has been placed on preventing the
introduction of heavy metal containing industrial wastewaters into
publicly owned treatment works and the environment. Llegistation has
established regulatory authority for controlling the discharge of heavy
metals into the environment. It also has mandated resource recovery
whenever economically feasible. Many treatment and control technologies
have come into existence to remove metals from these wastewater, i.e., a
sludge, concentrate, or regenerate form is created and is, in most cases,
disposed of in a landfill. Metals are recoverable, but are not recovered
significantly because of a lack of proven technologies.

Process wastewaters from the metal finishing and electroplating
industry contain cyanides and heavy metals. These wastewaters have a
detrimental effect on the environment if discharged directly. Such
discharges are regulated by Federal, State, County or City ordinances, and

require installation of treatment technology. One of the treatment
technologies presently in use is oxidation (or reduction), neutralization
and precipitation, which destroys cyanide and removes heavy metals as a
hydroxide sludge. This product has traditionally been disposed in
hazardous landfill sites.

Oisposal in landfills has certain inherent disadvantages:

1. Perpetual maintenance of the disposal site is required,

2. Dilution in metal contcnt by mixing with other types of waste
materials and,



3. Permanent loss of non-renewable metals.

If heavy metals are recovered from metal finishing sludges, it will
alleviate or reduce the disposal problem and provide for conservation of
energy and metal resources. The present study outlines a technical
methodology to treat metal bearing sludges by hydrometallurgical
techniques.

The treatment of hydroxide sludges for metal value recovery will
produce several beneficial results, i.e., economic benefits from the metal
values recovered will help offset the cost of re-overy/treatment;
non-renewable resjirce metals will be recycled for use by society; and
there will be significantly less hazardous material to be disposed of in
landfills.

1.2. PURPOSE AND OBJECTIVES

The purpose of the present study was to investigate at an advanced
laboratory scale the potential for application of well established
hydrometallurgical techniques to a mixed metal sludge. The design,
development, fabrication, acquisition, assembly and testwork for such a
treatment system has been conducted at the Montana Tech Foundation Mineral
Research Center in Butte, Montana (Phase [). Further testwork (Phase [I) has
been conducted at Montana College of Mineral Science and Technology, Butte,
Montana, and at a waste generating site in Camarillo, California. )

The objectives of the study included:

‘Develop a flowsheet to separate and recover metal values from metal
finishing hydroxide sludge materials,

‘Develop a test assembly of unit operations to accomplish the
separation of metal values on a scale of 75-100 pounds of sludge per
day, and

*Verify that the large scale unit operations accomplish appropriate
separations and establish tne metal recovery efficiency for each
unit operation; delineate process and materials handling problems
when treating complex mixed metal sludge materials.

1



1.3. STUDY METHOCOLOGY

The experimental study was conducted in two phases. The first phase study
objectives were to develop preliminary flowsheets for the separation and
recovery of metal values from mixed metal sludge materials; to perform
laboratory studies to test the applicability of the preliminary flowsheets; to
develop a test assembly of unit operations capable of treating 75-100 pounds of
sludge per day, and to conduct preliminary testwork in the test assembly to
delineate conditions for successful operation and/or tc note potential
operational problems.

Phase [ of the study was conducted by the Montana Tech Foundation, a not
for profit organization, at its Minerals Research Center in Butte, Montana.
The technical supervision of the project was performed by Or. L. G. Twidwell,
Montana Enviromet.

A team of extractive metallurgists was assembled as an advisory and review
group to propose, discuss and select potential flowsheets for laboratory
testing and development. The team included: Dr, L. G. Twidwell, Director of
Montana Enviromet and Professor of Metallurgical Engineering at the Montana
College of Mineral Science and Technology, whose expertise is pyrometallurgy
and hydrometallurgy; Or. D. Robinson, consultant for DREMCO Corporation, whose
expertise is electrometallurgy and solvent extraction processes; Or. T. J.
0'Keefe, Professor of Metallurgical Engineering at the University of Missouri
at Rolla, whose expertise is electrometaliurgy; Or. W. Opie, President for
Research and Development, AMAX Corporation, whose expertise is extractive
metallurgical techniques applied to secondary materials; Mr. A. Mehta, a
consultant for Phoenix Metals, whose expertise is environmental concerns and
waste processing technology as related to the electroplating industry; and Mr.
J. Downey, » private consultant whose expertise is development of pilot scale
studies.

The recommended flowsheets formulated by the advisory and review team were
investigated at a bench scale level to ascertain applicability or
non-applicability of potential unit operations. A flowsheet was developed that
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had several feasible alternative unit operations. Laboratory demonstratiois
were performed for each unit operation and each alternate unit operation. A
test assembly was developad to treat 75-100 pounds of sludge material per day.
Preliminary testwork was conducted at the lirge scale during Phase I of the
project.

The second phase objectives were to investigate potential alternate unit
operations identified in Phase I; further test the assembly developed in Phase
1; deveiop long-term continuous test data for the unit operations; and
delineate potential process and materials handiing problems.

Phase Il of the study was conducted by the Montana College of Mineral
Science and Technology at two locations; at tne College laboratories in 3utte,
Montana, and at an industrial site in Camarillo, California. Large scale
testwork was performed at the industrial site in California. The studies
included: 1leaching, solvent extraction, chromium oxidation and chromium
precipitation. Continuous long-term solvent extraction testwork and
6rec1pitation studies were performed at the College's laboratories in utte.

This report is a summation of the results of studies conducted over the
period July 1, 1983 until September 30, 1984.



SECTION 2
< CONCLUSIONS

2.1. LABORATORY TEST PROGRAM

A laboratory test program has been conducted to support the development of
an appropriate flowsheet made up of unit operations designed to accomplish the
stated objective of separation and metal value recovery from mixed metal
hydroxide siudge materials. The laboratory test program was based on a
comprehensive review of current literature; discussions with consultative
experts in the field of extractive metallurgy: and previous experimental
research conducted at Montana Tech Foundation. Flowsheets were designed based
on the inputs gained from the above sources and modified as dictated by the
laboratory test program.

The flowsheets that resulted from the Phase ! study were based on the
treatment of a mixed metal sludge material containing significant
concentrations of metal values: copper, nickel, zinc, and chromium, and
variable concentrations of other elements that were not considered recoverable
as marketable products but which required removal in order aot to contaminate
the metal value products, e.g., iron, aluminum, and calcium. The developed
flowsheets are not an unalterable sequence of operations; alternatives do exist
and will be discussed in the body of this report. As is often the case, unit
operations may be accomplished by several different technical approaches; e.g.,
the unit operation of chromium oxidation may be accomplished by use of chemical
oxidation reagents or by use of electrochemical cells. The choice is usually
based on efficiency and economic considerations.

Another important point concerning the development of the flowsheets is
that only commercial process unit operations and commonly used reagents were
considered. That is, new developments in the separation of metals from complex
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solutions have been reported but are not yet adopted commercially. These new
developments are reviewed in tnis report and the consequences of the adoption
into the present flowsheet are discussed.

The flowsheets developed for mixed metal sludges are presented in Figures
2.1 (high iron sludges) and 2.2 (low iron sludges). The treatment sequence
consists of the following unit opurations:
High iron sludges

*Sulfuric acid dissolution of the metal hydroxides.

*Selective precipitation of iron from the solution as a potassium or
sodium jarosite ((KFe3(0H)6(SO4)2. NaFe3(0H)6(SO4)z).

*Solid-liquid separation of the leach residue and precipitated
jarosite solid.

*Selective extraction of copper from the leach solution (with

subsequent copper recovery as electrodepositea ccoper or

crystallized copper sulfate) by solvent extraction.

*Extraction of zinc (and residual iron) in preference to chromium

and nickel from the leach solution (with subsequent zinc recovery
. by crystallizing zinc sulfate) by solvent extractio..

“Selective oxidation of chromium ions to form dichromate anions.

*Selective precipitation of caromium from solution (using lead

sulfate) as lead chromate. The lead chromate can subsequently be

redissolved to produce a concentrated chromi¢ acid solution with

the regeneration of lead sulfate,

*Solid-liquid separation of the precipitated lead chromate.

*Selective precipitation of nickel ions from solution as nickel
sulfide, nickel hydroxidec, or crystallization as nickel sulfate.

*Solid-1iquid separation of the nickel comoound product.
*Recycle of the resulting purified leach solution to the original
leach as make-up water. The unrecycled final leach solution may be
discharged or pre-treated by ion exchange before discharge.

Low Iron Sludge

*Sulfuric acid dissolution of the metal hydroxides.
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*Solid-l1iquid separation of the leach solution and unleached
residue.

“Selective extr~action of copper from the leach solution (with
subsequent copper recovery as electrodeposited copper or
crystallized copper sulfate) by solvent extraction.

*‘Selective extraction of zinc and iron by solvent extraction with
subsequent zinc recovery by crystallization of zinc sulfate;
subsequent iron removal from the organic phase by hydrochloric acid
stripping.

*Selective oxidation of chromium ions to form chromium VI anions.

*Selective precipitation of chromium from solution (using lead
sulfate) as lead chromate. The lead chromate can subsequently be
redissolved to produce concentrated chromic acid solution with the
regeneration of lead sulfate.

“Solid-11iquid separation of the precipitated lead chromate.

*Selective precipitation of nickel tons from solution as nickel
sulfide, nickel hydroxide, or crystallization as nickel sulfate.

*Solid-liquid separation o the nickel sulfide, hydroxide or nickel
sul fate.

‘Recycle of the resulting leach solution to the original leach as
make~-up solution. The unrecycled final leach solution may be
discharged or pre-treated by ion exchange before discharge.

Each primary unit operation in the flawcheet has been axperimentally
studied on a bench scale level. Experimental data, discussions of experimental
results and studies involving alternative approaches are presented in Section 6
and Appendices 8.2 through 8.14.

Laboratory testwork supports the concept that metal values can be
separated and recovered effectively and efficiently from complex mixed metal
sludge materials.

2.2. LARGE SCALE TEST PROGRAM

The objectives of the large scale test program were: to size the unit
operation equipment so that 75-100 pounds of sludge could be treated per day;
to test the unit operations to ascertain if effective and efficient metal value
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extraction and recovery could be achieved; and to determine what chemical and
mechanical problems might be associated with treating approximately 200 liters
of leach solution per day.

The equipment acquired, fabricated, and assembled for the various unit
operations is described in Section 5 and Appendix Section 8.14. It consists of
leach vessels, settlers, a filter press, solvenl extraction mixer-settlers,
chlorine or electrochemical oxidizer, pH monitors and controllers,
precipitating vessels, crystallizers, and an ion exchange column.

The flowsheet presented in Figure 2.1 is applicable to mixed metal sludges
containing high iron (to 20% iron), copper, 2inc, nickel, and low chromium
content. The flowsheet presented in Figure 2.2 is applicable to mixed metal
sludges containing low iron (<5% iron), copper, zinc, nickel, and high chromium
content. Modifications of the flowsheet are possible to treat other
iron-chromium metal sludge mixtures. .These alternatives are described in
Section 6.

A detailed discussion of the large scale individual unit operations are
presented in Section 6 and Section 8.13. The conclusions drawn from the test
program include the following:

‘A sulfuric acid leach operation is effective and efficient in
redissolving metal values. The dissolution is rapid and without
control problems. Conditions can be specified to achieve greater
than ninety percent extraction of all contained metalc; bet :een
eighty and ninety percent of the starting sludge mass is taken into
solution.

*Iron is removed from solution by a jarosite precipitation process.
This process allows iron to be removed from an acidic, pH 1.5-2.5,
solution as a crystalline coapound that is 3 readily filterable
solid product. Elevated temperature, 88-92°C, and chemical pH
control are required for the precipitation to be accomplished in a
relatively short period of time, 6-8 hours. Mechanical control of
the system is not a problem. Over two hundred liters of solution
can be treated in an eight hour shift. Solid-liquid separation is
readily accomplished by simple settling; pumping most of the cleared
solution from the settling vessel; and filtering the remaining
slurry using a filter press for cake consolidation and washing.
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“An alternate iron removal process appplicable to low iron bearing
solutions (<a few grams per liter) 1s by solvent extraction at low
pH with subsequent removal of iron from the organic phase by
hydrochloric acid stripping. lron content 1n the aqueous leach
solution can be effectively lowered to less than 50 ppm. Minimal
crud formation results by controlling leach solution pH and by
selection of the prope~ kerosene diluent.

‘Copper is effectively and selectively removed from a mixed metal
bearing solution by solvent extraction. The copper content can be
decreased to low concentrations, <30 mg/1, without appreciable
extraction of a2ny other metal specie.

The recovery of copper by solvent extraction requires only three
stages of extraction and two stages of strip. Five cells will
accommodate the treatment of over 200 liters of leach solution per
day (8 hours). Large scale continuous testwork has been performed
for periods up to seven hours. Mechanical control of the solution
flowrate and interface levels is easily achieved and does not
require constant attention.

*Zinc is effectively and selectively removed from a zinc-chromium-
nickel bearing solution by solvent extraction. Iron, aluminum and
calcium are partially coextracted with zinc. The iron concentration
is normally relatively low because of the previous jarosite
precipitation process. The solvent extraction process provides a
means of removing the residual iron from the leach solution.
Subsequently, the iron can be separated from the zinc by a selective
stripping process.

Calcium is coextracted from the leach solution by the organic
solvent and is stripped from the crganic phase along with zinc by
sulfuric acid. Calcium torms gypsum in the strip cell and the solid
product is filtered from the strip acid. Aluminum is coextracted
from the leach solution and is partially stripped with the zinc.

Its presence must be considered in the zinc recovery process.

The removal of five grams of zinc per liter of leach solution can be
accomplished in four stages of extraction and three stages of strip.
Some flexibility to treat higher zinc containing solutions does
exist, i.e., control can be exercised over organic/aqueous contact
ratio and the concentration of the extracting reagent.

Mechanical control of the solution flowrate and interface levels
does not require constant attention. Once the desired flowrates and
interface levels ar2 established only minimal operator attention is
required. Chemical contro: of the pH is required. In order to
achieve effective zinc removal the pH must be maintained at approxi-
mately two. Solution pH control is exercised by adjusting pH after
the first two stages of contact.
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*Chromium removal is accompiished by first oxidizing tha chromium
with chlorine gas; electrochemically or potentially with S0,-0, gas
mixtures, then precipitating the uichromate ion as lead chrsma e.
Oxidation has been shuwn to be effective in laboratory scale test
reactors. Large scale oxidation testwork using chlorine and an
electrochemical reactor have been performed suc.essfully.

A recycle system for stripping the oxidized chromium from the leach
solution has been operated succeszfully: the solution is exposed o
lead sulfate in an agitated reactor; lead chromate precipitates; the
lead chromate product is crystalline and dense and settles rapidly;
the solution essentially free of lead chromate solid is pumped from
the solids for further treatment for nickel removal; the lead
chromate is redissolved in sulfuric acid to form a concentrated
chromic acid solution and lead sulfate; the Tead sulfate solid i3
separated from the chromic acid and is recycled to the lead chrcmate
precipitation reactor.

“Nickel can be removed by sulfide precipitation. The reaction is
rapid and near quantitative. The pH is maintained 1n the range 4-5
so hydrogen sulfide is not released. The solid product is reaoily
filterable. Quantitative removal of nickel is not necessary because
practically all the final solution can be recycled to the
leach-jerosite precipitation unit operation. Therefore, the
addition of a deficiency of sulfide (less than the stoichiometric
requirement for complete nickei removal) is desirable so that all
th2 added sulfide ions are ccasumed. Then when the solution is
recycled to the acid leach step hydrogen sulfide gas will not be
formed. Other alternative nickel recovery unit operations are
discussed later. An attractive alternative is the production of
nickel oxide (Section 6.4).

2.3. ECONOMIC ANALYSIS

An "order of magnitude" estimate has been performed on the flowsheet
presented in Figure 2.1 and expanded in Figure 6.7. The calculated return on
investment (ROI) based on the “order of magnitude" estimate is normally
considered to be within :}01(49'50).

Definitions and cost estimation factors are taken primarily from Mular
“Mineral Processing Equipment Cost and Preliminary Capital Cost Estimations”,
and Wood, Chapter 29.1, “Cost of Equipment®, and Pratt, Chapter 29.2, "Cost of
Process”, in the Solvent Extraction Handbook. A summary of the assumptions
made and the detailed calculations for treating fifty tons of sludge per day
are presented in Section 6.4 and Appendix 8.15. The major assumptions include: °
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the land and buildings are available; a credit of one dollar per gallon of
sludge is allowed; and the tax rate is fifty percent.

The results of the calculations are tabulated for each unit operation in
Tables 2.1 and 2.2. The first order estimate for the return on investment is
41 + 121.

The largest cost unit operation is recovery of chromium; oxidation is by
far the costliest step in recovering useful chromium compounds. There is
potentially a new low cost oxidation process now being commercialized for
cyanide destruction. The solution oxidizing potential has been shown to be
high enough to oxidize nickelous ions in solution to form nickelic hydroxide
solid. That level of solution oxidizing power will certainly oxidize chromium
(Cr¢3'--> Cr‘s). The process (soz + 02) is described in Section 6§.4. Such a
process would not only be less capital intensive but the energy savings would
be great. A cost comparison between the flowsheet presented in Figure 2.1 and
the flowsheet modified for SOZ-Oz oxidation is presented in Table 2.3. The
difference in the ROI is significant; 41% for the flowsheet presented in Figure
2.1 and 69% for the 50,-0, modified flowsheet.

Another potential alternate treatment process is solvent extraction and
electrowinning of nickel, precipitation of Fhromium hydroxide, and production
of chromium oxide (discussed in Section 6.4). A cost comparison between the
flowsheet presented in Figure 2.1 and the modified flowsheet is presented in
Table 2.4. The difference in the ROl is significant; 41% for the flowsheet
presented in Figure 2.1 and 67% for the modified flowsheet.

The detailed cost analyses results presented in Section 6.4 and 8.15 show
good potential for an excellent return on investment. Even if a credit is not
taken for disposal, two of the modified flowsheets show an income sufficient to
offset tne cost of the treatment process. It is recommended that further
consideration be given to the economic consequences of variations in the chosen
unit operations.
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TABLF 2.1 PROCESS COST: FIRSY ORDER ESTIMATE

Unit Operation COST ($)
Factored Capital Annualized Capital Operation Cost Total Cost
Cost Estimate Cost Per Year Per Year
. Leach, jarosite
precipitation 430,800 119,500 223,500 343,000
. Jarosite storage 390,500 108,200 25,400 133,600
. Copper solvent
extraction, electro-
winning 336,100 94,100 205,909 299,000
. Linc, residual fron
solvent extraction,
zinc sulfate crystal-
fzation 661,600 183,300 269,700 453,000
. Chromlum oxid.,
chromic acid pro-
duction 1,818,200 503,600 407,700 911,300
. Nickel recovery 231,600 64,200 230,000 294,200
TOTAL COST 3,868,800 1,071,900 1,362,200 2,434,100

See Section 6.4 for detalls.
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TABLE 2.2

PROCESS COST SUMMARY: FIRST ORDER ESTIMATE

Unit Operation €OST ($)
Factored Capital Operatfon Cost lota) Cost Potential value
Cost/¥r @ 12X Per Yr Per ¥Yr of Product(¢/1b)
3 s/1b $ ¢/ s ¢/
1. Leach, jarosite
precipitation 221,700 4.0* 248,900 4.4+ 476,600 8.4+ -
2. Copper SX, EW 93,100 25.0 205,900 §5.2 299,000 80.2 60
3. Zinc, residual
iron SX, zinc
sulfate cryst. 183,300 17.4 269,700 25.7 453,000 43.0 20
4. Chromium oxid.,
chromic acid
production 503,600 66.1 407,700 53.5% 911,300 119.6 ns
5. Nickel Recovery 64,200 10.9 230,000 39.0 294,200 49.9 172

* per pound of residue solids,

See Section 6.4 for detatils.
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TABLE 2.3. COMPARSION OF FIRST ORDER COSV ESTIMATES BETWEEN FLOWSHEETS FOR ELECTRO-
CHEMICAL OXIDATION AND SO, - 02 OXIDATION OF CHROMIUM

Flowsheet CoST (3)
FCC FCAC Operating Total Product Value*
Cost/yr Cost/yr
Electrochemical 3,868,800 1,071,900 1,362,200 2,434,100 5,643,400

(Table 2.1)

Modified 2,862,900 793,300 1,209,100 2,002,400 $,885,800

R.0.1. -[(5.885.800 - 2,002,400/ 2,862,900 ](0.50)(100)
=69 2201

* Same products in both flowsheets except for nickel: NiS in Table 2.V, RiD ir modified
flowsheet.

See Section 6.4 for details.
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TABLE 2.4. COMPARSION OF FIRST ORDER COSY ESTIMNATES BETWEEM FLUWSHEETS FOR EI.ECIROCMEHICM
OXIDATION AND NICKEL SOLVENT EXTRACTION AKD RECOVERY.

Flowsheet FCC FCAC Operating CoslL Total Cost Product Value*
Per Year Per Year

Electrochemical 3,868,800 1,071,900 1,362,200 2,434,100 5,643,400

Modified 2,977,300 824,900 1,175,500 2,000,900 5,977,100

ROI =[(5.977.|00 - 2.000.900)/ 2.977.300](0.5"100)

= 67220 %

* Same praducts in both flowsheets except for nickel (nickel in modified flowsheet) and
chromium (chromium oxide in modified flowsheot).

See Section 8.15 for details.



SECTION 3
RECOMMENDATIONS

The treatment of hydroxide sludge materials for metal value recovery by a ser-
ies of conventional extractive metallurgical unit operations hes been demon-
strated. The treatment sequence is selective and effective for recovering
copper, zinc, chromium, and nickel. Iron, cal.ium and aluminum can be
extracted from the leach solution and rejected from the system.

The highest cost unit operation in the treatment Sequence is oxidation of
chromiun. Alternatives have been suggested; oxidation by 502/02 gas mixtures
or solvent extraction of nickel, precipitation of chromium(3) hydroxide with
subsequenit calcining to chromium cxide. Both of these alternatives to the
original flowsheet appear to offer a great savings.in cost. The alternatives
are, however, not present.,; zommercially proven proccesses. Further research
and development studies are necessary to insuce applicability to the present
system. Specifically the needed research includes:

1. A study of the possibility of oxidizing chromium in a chromium-
nickel bearing solution by S0,/0, mixtures. The use of S0,/0, is
presently commercially used bf IECO to destroy cyanide in 3as e
leach solutions. The oxidizing potential that can be developed
by the S0,/0, has been shown to be sufficient to oxidize
nickel(+2§ 8 nickel(+3). Therefore, the applization of 502/0
to a chromium-nickel solution appears to hLave the potential foz
oxidizing both chromium(+3) and nickel(+2). The envisioned
treatment would be carried out at a low solution acidity, f.e.,
pH 8. The chromium and nickel would both exist as hydroxides.
As the oxidization progressed chromium{+6), as chromate, would be
soluble; nickel(+2) would be oxidized to nickel(+3) hydroxide and
remain as a solid. A solid/liquid separatior. would then be used
to separate the chromium from the nickel. The chromium(+6)
solution could be treated as suggested in the previous
flowsheets. The separated solid nickel hydroxide could be
calcined to nickel oxide.

2. A study to determine the possibility of separating nickel from
chromium by solvent extraction using either mixtures of
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D,EHPA-EHO or D,EHPA-LIX63. Both have been shown previously by
ogher investigators to extract nickel from acidic solutions.
Investigations reported in the present study show that the
extraction 1s selective toward nickel, i.e., in a nickel-chrcmium
bearing solution, nickel is extracted but chromium(+3) 1s not.
Therefore, an envisioned treatment would i1nclude selective
removal of nickel(+2) with subsequent recovery from solution as
nickel by electrowinning; foliowed by precipitation of
chromium(+3) hydroxide at a pH of 3-4.5; and then solid/liquid
separation with subsequent conversion of chromium hydroxide to
chromic oxide by calcining.

It is recommended that a detailed cost analysis de performed on the
proposed flowsheets and the potential alternate unit operatiors. The first
order cost estimates presented in Section 6.4 indicate that sludge treatment
may te economically attractive. These estimates, therefore, should now be
followed by detailed cost projections.
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SECTION 4

MATERIALS AND METHODS
4.1, SLUDGE CHARACTERIZATION

4.1.1. Starting Sludge Material

Experimental analytical procedures and sample preparation techniques are
presented in Appendix 8.1. For the most part, Induction Coupled Plasma
Spectrophotometry (1CP) was used for determination of elemental concentratfons
in solutions.,

4.1.1.1. Phase I Material

Sludge materials were obtained from three different industrial sources.
The material was packed in fifty-five gallon barrels by the producer and
shipped to Butte, Montana. The sludges were, in most cases, mixed metal
hydroxide materials (Table 4.1). A portion of the supplied material was
electroplating cell bottom sludge rather than precipitated hydroxide sludge,
e.g., 6, 7, and 8. The solids content of all the sludges ranged approximately
20-35 weight percent, e.g., Table 4.2.

Even though the sludge materials were only 20-35 percent solids they could
be handled like solids, i.e., they could be broken into smaller pieces without
release of free water. The material could be broken up into small pellet-like
chunks (approximately one-eighth inch diameter) by use of a laboratory hand
mixer.

X-ray diffraction patterns of dried sludge showed the material to be
anorphous i3S s typical of precipitated hydroxides.
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TABLE 4.1. MIXED METAL SLUDGE COMPOSITSON OF AS-RECEIVED SLUDGE

544 A
544 B
545 A
545 8
546 A
546 B

927
928
929
975
976

227
228
229
986
987
988
989

1036

Composition (%) in Solids

Sludge Source

Cu Fe in Cr Ni Cd A} Ca P
Barrel 1
8.06 18.21 11.73 1.20 5.59 0.74 2.92 1.00 4.13
7.87 17.70 11.46 1.19 5.55 0.72 2.78 1.19  4.51
7.56 19.%6 10,98 .0 5.30 0.70 2.68 1.01 4.29
7.69 18.721 n.Nn 1.14 5.44 o.Nn 2.75 1.00 4.44
7.63 17.19 11.58 .13 5.41 on 2.1 2.47 4.49
8.24 18.65 11.93 1.23 5.86 0.717 2.94 1.08 4.98
Barrel 2
5.66 15.90 10.76 1.23 6.11 0.66 4.64 1.4 2.9
5.61 15.75 10.A7 1.23 6.07 0.6" 4.60 1.38 2.93
5.84 16.58 11.18 1.29 6.31 0.5 4.83 1.46 3.13
5.69 15.17 10.15 1.03 4.1§ 0.52 3.94 0.76 4.30
5.11  14.32 9.46 0.98 3.88 0.48 324 na 4.39
Barrel 5
4 N.3 8.40 1.36 5.08 0.29 4.05 1.08 -=--:-
2.41 1).88 8.45 1.38 4.80 0.41 4.18 1.00 ----
2.48 11.65 8.1% 1.3% 5.08 0.40 4.55 1.0 =~---
2.46 12.68 8.72 1.10 3.69 0.29 5.23 1.04 2.03
2.26 12.18 5.18 1.08 3.52 0.23 4.87 1.07 2.66
2.5 13.3 9.84 1.18 3.84 0.25 5.74 1.1 2.40
2.41 1.1 8.66 1.16 3.65 0.30 5.63 1.08 2.46
Barrel 6
.0.12 <. L. 0.06 0.5 37.48 «<D. L. <D. L. 0.37 <0..1.
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TABLE 4.1. CONTIKUED

Sample No. Sludge Source Composition (%) in Solids
Cu Fe In Cr Ni Cd Al Cs P

Barrel 7

1037 0.16 0.004 0.18 0.54 30.31 <. L. 0.1 1.02 <p. L.
Barrel 8

1038 1.15 0.30 0.02 22.70 1.6 <D, L. 0.50 1.31 0.43
Barret 9

1039 0.02 0.14 <D. L. 9.22 0.01 <D. L. 9.96 . 0.41 <. L.
Barrel 10

1040 0.3 1.94 0.02 13.14 1,47 <. L. 238 113 Q. L.
Barrel 11

1041 0.7 O0.L. 071 0.76 37.25 <D.L. 0.07 1.52 <0. L,
Barrel 12

1222 1.47 17.33 5.82 3.38 6.88 0.09 <L.L. 3.05 1.8

2135 1.45 17.05 4.54 4,50 7.49 0.28 2.8 0.7 2.77
Barrel 13

1223 .26 20.26 7.95 0.80 7.82 0.10 «<D.L. 3.47 2.1
Barrel 14

1224 2.76 15,54 10,68 1,34 10,54 0.23 <D. L. 5.1 2.7’
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TRABLE 4.1.

CONTINUED

Saple Ho.

1700
1701
1702
1703
1820
1821
1822

122%

2136

a3y

2138

2139

Sludge Source

Composition (%) in Solids

Cu Fe n Cr N (o] Al Ca P
Barre! 14 (cont.)

2.29 17.42 11.65 1.14 9.40 0.39 1.97 Calctum 3.19

2.19 18.49 10.32 1.05 8.76 0.42 2.25 Chanrel 2.87

2.2 18.70 10.4) 1.09 8.82 0.43 2.30 not 3.03

2.05 18.26 10.57 1.04 8.35 0.46 2.27 Operative 2.85

2.10 18.40 9.4 1.03 8.70 0.49 2.18 2.9

2.19 19,58 9.48 1.07 8.56 0.41 2.33 2.22

2.14 20.05 9.16 1.10 7.12 0.47 2.48 2.1
8arrel 15

1.59 17.52 9.6 1.75 10.20 0.32 <D. L. 5.94 1.26
Barrel 16

1.70. 1568 16.92 1.51 383 0.37 3.20 V.38 1.2
Barrel 17

4.00 15.20 10.53_ 4.90 3.89 0.16 2.62 0.98 2.23
Barrel 18 .

6.78 17.19 6.8 7.13 2.3 0.01 2.44 0.23 3.19
Barrel 19

1.91 18.68 13.3} 2.6 4.56 0.15 2.28 0.97 1.67

Sludge solid content varied from approximately 20-30 weight percent solfids.
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TABLE 4.2.

MOISTURE CONTENT OF AS-RECEIVED MIXED METAL SLUDGE

Sludge Source
Barrel 1

Barrel 42

Barrel #5

Barrel #6
Barrel #7
Barre) #8
Barrel #9
Barrel 110
Barre) N1
Barrel N2
Barrel 113

% H,0

—2

)
76.20 ) 16-81
77.00

3 Solids

23.19

22.47

23.61

22.54
23.17
12.55
16.11
20.59
17.75
23.3
20.50 |
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TASLE 4.2. CONTINUED

Sludge Source
8arrel N4

"Barrel #15
Barrel 116
Barrel M7
Barrel #18
darrel N9

| uzo
81.34
82.13
81.43
81.80
82.75
82.45
81.18 )

76.69
70.65
7419 °

)
)
)
) 81.87
)
)

69.47
77.48

_X Solids

18.13

23.31
29.3%
25.81
30.53
22.52




A water leach of starting sludge material showed very little redissolution
of metal values, e.g., sludge from barrel number eight (Sample No. 1355) showed
very little metal dissolution: 0.6% Qr. 1.3% Fe, 1.4% Ni, 1.9% Cu, 2.27 Al
(Yeach conditions: 10% solids, 0.5 hr., ambient temperature).

4.1.1.2. Phase Il Material

The material used in the Phase II study was obtained from the local
California company where the test assembly was located. The required test
material was obtained as needed from current daily sluﬁge production. Example
analyses are presented in Table 4.3. The sludge was primarily a high
chromium-high nickel-low iron material. The solid content varied between 16-30
percent. In some cases, the sludge material was doped with copper and zinc
sul fate for testwork requiring solutions containing iron, nickel, chromium,
copper and zinc.

4.1.2. Methods of Analysis

A detailed sum.-ary of sampie preparation and analytical procedure used to
chemically characterize the sludge materials is presented in Appendix Section

8.1. The sample dissolution procedure used was a perchlorate fuming technique:
the aqueous solution analytical technique used was atomic absorption and

induction coupled plasma spectrophotometry. Montana Tech Foundation was
supplied with a set of solutions by EPA to verify the laboratories' analytical
capabilities. The EPA solution analytical verification res.lts are reported in
Appendir Table 8.1. and discussed in Section 8.1. "All aqueous leach solutions,
raffinates and organic analyses were performed using induction coupled plasma
spectrophotometry.

4.2. REAGENTS

Chemical reagents used throughout the study were either technicai or
reagent grade. They included: acids; bases; solid compounds such as lead
sulfate, sodium sulfide. Tap waiter was used in the large scale testwork;
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TABLE 4.3.

HIXED METAL SLUDGE COMPOSITION FOR CAMARILLO SLUDGE MATERIAL

Sample No.

nn
3183
3184
3291
3301
3332

Solid Content (%)

16.5
25.0
25.0
26.5
28.7
26.7

Composition (%) in Solids

Cu Fe In Cr N{ Al Pb Ca
0.} 5.3 0.5 5.0 32.0 <0.1 - -
0.1 5.8 0.3 1133 17.9 <0.1 <0.} -
0.1 4.8 0.3 N.4 19.7 <0.1 <O0.1 -
0.1 4.5 0.4 9.1 34.4 <0.1 <O.) 0.4
0.1 4.7 6. 1.7 23.3 <0.1 <O0.1 0.8
0.1 2.4 0.3 10.5 26.1. <0.1 <0.} 0.9




deionized water was used in small scale kettle testwork and in all reagent
dissolution and dilution procedures.

Solvent extraction reagents were supplied by vendors and were the same
reagents supplied to their commercial customers. The reagents wera sometimes

- . donated 'O the project and at other times were purchased. The reagents

included: LIX-64N, LIX-622, LIX-70 (Henke] Corporation); D EHPA and Alamine
336 (Mobil Corporation); ACORGA 510C (ACORGA Cnrparation); DNNSA and XB-1 (King
Industries). These reagents were diluted to the desired strength by use of
KERMAC 4708 and KERMAC 5108 Kerosene (Kerr-McGee Corporation).

Ion exchange resins were supplied by Rohm and Haas and were the same
resins supplied to their industrial customers. Those resins used in thic study
included: a weakly basic amion cation exchanger IRA-94; a strongly basic anion
exchanger IRA 900; and a strongly acid cation exchanger IRA 200.
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SECTION 5
EXPERIMENTAL PROCEDURES

S.1. LEACH AND PRECIPITATION STUDIES

The leach and precipitation studies were initially conducted in one liter
thermostated reaction kettles. A typical set-up is presented in Figure 5.1.
The reaction kettles allowed testwork to be controlled over a wide range of
experimental conditions. A two level factorial design matrix was utilized in
order to minimize the number of expeririental tests necessary to establish
appropriate experimental conditions for the larger scale testwork.
Experimental conditions investigated for the leach and jarosite precipitate
testwork includad: reaction temperature; reaction time; acid and reagent
concentration; solutfon Eh; agitation rate; and solid/liquid ratio.

The conditions for each individual experimental study were based on the
set of conditions specified in the design matrix table. For example, the
experimantal leach study procedure included: selecting and blending a starting
sludge sample; splitting a sample for determination of moisture content;
splitting a sample for determination of elemental content; weighing the sludge
sample and placing in the reaction kettle; setting the experimental temperature
(thermostated water bath); initiating the study by addition of concentrated
sulfuric acid; diluting the sample to the desired volume; setting the agitation
rate; adjusting pH; sampling the solution as a function of time for analysis;
running the test for designated time; removing the reaction kettle from the
bath vessel; separating the solid from liquid by vacuum filtration and sampling
the solution and sometimes the solid for analysis. Based on the results from a
series of design matrix tests and further optimization testwork, a standard
leach procedure was adopted; i.e., one-half hour; temperature 40-55°C; acid
concentration, equivalent to a weight of 100% of the solid content of the
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Figure 5.1. Laboratory leach system.




sludge; a sludge/liquid ratio of 0.8; and an agitation rate to completely
suspend all particles in the solution phase.

Jarosite precipitation studies followxed the leach studies. Testwork was
performed to determine the appropriate conditions for jarosite precipitation of
iron from the leach solutions and the appropriate conditions for jarosite
precipitation in the presence of leach residue solids (designated in-situ
precipitation). The procedure was to first ieach the sludge material under
standard conditions then to either filter the solids from the solution or to
leave the solids in the solution and to tlien adjust the conditions to permit
Jarosite to form. The results of these studies are presented in Section 6.2.2.
and Appendix 8.3.1.

The small-scale testwork was followed by leach and jarosite precipitation
experiments in a ninety-liter polyprooylene reaction vessel; fallowed by
testwork in a full-scale 270-liter polypropylene reaction vessel. (The results
of these experiments are presented in Section 6 and Appendices 8.3.1 and 8.13.
The experimental procedure for the large-scale testwork was similar to the
laboratory testwork. The experimental conditions for the large-scale testwork
were based on the best smail scale results. A schematic drawing of the
leach-jarosite reaction vessel is presented in Figure 5.2; a pictoral depiction
is presented in Section 8.14.

The experimental procedure for the large scale high iron bearing sludge
testwork 1ncluded: sludge biending and sampling; feeding into the 270 liter
reaction vessel; adding concentrated sulfuric acid slowly to break up the solid
chunky material; diluting to the desired volume (this process raised the
temperature to 50-60°C); placing a heavy duty stainless steel agitator in the
reaction chamber to suspend the solids in solution; reacting for one-half hour;
ratsing the temperature to approximately 90°c (by two 6,000 watt quartz
immersion heaters) adjusting solution pH conditions to 2.2-2.6 using KOM;
adding KZSO4 so that the stoichiometry and reaction conditions were appropriate
for jarosite precipitation; reacting for 4-6 hours (pH periodically adjusted);
sampling hourly to determine the iron content of the solution; adding dropwise
(at about 1,000 cc/hr for the last two hours of the test) hydrogen peroxide to
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Ixidize the ferrous iron; pumping the solution to a storage tank for
solid/liquid separation by settling (required about one-half hour for complete
settling); pumping the solution from the set:ling tank to a feed tank for the
following SX unit operations; and pumping the jarosite loaded slurry, about 40%
solids, to the LASTA filter press (described in Section 3.5) for final
solid/liquid separation. The filter cake was sampled to determine moisture
content and to determine if the solids would pass the EP Toxicity Test.

The exparimental procedure for the large scale low iron bearing sludge
excluded the jarosite precipitation unit operation. The sludge material was
blended; fed into the reaction vessel; sulfuric acid solution was added and the
leach reaction was initiated and conducted for one-half hour. The resulting
slurry was pumped to the LASTA press and filtered using a filter aid.

5.2. SOLVENT EXTRACTION

Studies were conducted to investigate the potential application of solvent
extraction (SX) to selectively extract and recover copper, zinc, iron, and
nickel. The experimental methodology consisted of first conducting batch shake
tests on a small scale (125-250 cc) in separatory funnels. These preliminary
experiments were followed by continuous testing in a Bell Engineering 600 cc
mixer-settler test rack; followed by full-scale continuous testing in a Reister
one-gallon mixer-settler test rack.

The hand shake tests were performed to establish: the influence of
reagent selectivity for a particular element; the influence of aqueous phase
pH, temperature, time, diluent concentration, and reagent concentration, on
chemical specie exchange and phase separation between the organic and aqueous
phase during extraction and during stripping operations. The shake tests
provided a means for selecting appropriate conditions under which to start the
continuous testwork.

The small scale test rack consisted of ten 600 cc mixing chambers and ten

600 cc settling chambers. A combination of one to ten cells could be assembled
so the counter-current flow, and contact and settling of the organic and
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aqueous phases were controllable. Solution {low rates (to 50 cc/minute)
between mixers and settlers and the orjanic-aqueous 1nterface positions were
controllable. Therefore, retention time and organic/aqueous phase ratio were
controllable.

The larger scale test rock consisted of ten one-gallon mixing chambers and
ten one-gallon settling chamoers. Solution flow rates were controllable up t¢
500 cc/minute. Details of the solvent extraction system are presented
schematically in Figures 5.3 and 5.4.

Two large scale test racks were ava‘lable for the oroject. Individual
cells were connected in a variety of arrargements to study both copper and Zin¢
extraction from the aqueous phase and to study stripping characteristics of the
metal values from the organic phases.

5.2.1. Copper Solvent Extraction
§.2.1.1. Separatory Funnel Shake Test

The small scale separatory funnel (125 and 250 cc) shake tests were used
to investigate the applicability of a specific extracting reagent to the mixed
metal aqueous solutions. The experimental procedure used in the testwork
followed the sequence; the pH of the aqueous phase was adjusted to %he desired
value; an organic phase was prepared containing a specific extracting agent
dissolved in a kerosene solvent; the two phases were added to the Separatory
funnel "in the desired organic to aqueous ratio (0/A); the separatory funnel was
stoppered and agitated for a specified time; the agitated mixture was allowed
to separate into two distinct phases and each phase was sampled for analysis;
the pH of the aqueous phase was measured to establish the equilibrium pH.

5.2.1.2. Large Scale Test

The large scale testwork was performed in the Reister testrack.
Preliminary continuous tests were performed in the smaller Beli Engineering
testrack to establish proper mixing and settling residence time and to
determine if muck or crud formation would be a prodblem.
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The procedure used in the testwork followed the sequence: a decision was
made on the number of extraction stages (one and two investigated) and
stripping stages (usually two stages); the stages were connected soO that a
countercurrent aqueous-organic flow pattern was established (Figure 5.5); the
¢ells were loaded with the proper organic tc aqueous ratio (0/A); solbtion flow
was initiated at desired flowrate (up to 500 cc/min.); samples of aqueous
raffinate and strip acid into and out of the system were pulled as a function
of time; pH of the raffinate was monitored.

5.2.1.3. Organic Degradation Testwork

Extended exposure testwork was conducted to determine if the organic phase
showed extensive degradation and deterioration with continued usa. The Bell
Engineering SX rack was used for this testwork. Three stages of extraction and
two stages of strip were investigated. The test conditions were similar (but
for extended times) to the large scale testwork; 50 cc/min. (250 cc/min. large
scale testrack); O/A = 1 for both organic loading and stripping; pH = 1.75;
temperature, 50-55°C; and strip acid 200 gpl stoa.

The procedure used in the testwork was to expose a fixed volume of organic
( 3 liters) to a large quantity of copper bearing leach solution. The organic
solution was repeatedly exposed to copper loading and stripping. The
effectiveness of the organic phase was determined by closely monitoring the
element concentrations in the raffinate solution and by sampling the organic
phase after approximately every forty liters of aqueous contact. The organic
sample was stripped twice with 200 gpl sulfuric acid then exposed to a standard
leach solution (two contacts). The effectiveness of the organic extractant was
determined by its ability to remove Cu selectively from the standard solution.

5.2.2. linc Solvent Extraction

5.2.2.1. Separatory Funnel Shake Test

The small scale testwork was conducted using the same procedure outlined
in Section 5.2.1.1. DzEHPA was the cnly extractant investigated for zinc
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extraction. Phase separation proved to be a problem for high iron bearing
solutions bLut not so for low iron-high zinc aqueous solutions.
5.2.2.2. lLarge Scale Test

Intermediate scale continuous testing in the Bell system showed that
calcium was extracted concurrently with the zinc and that it precipitated in
the strip cells as gypsum. Procedural techniques were worked out to eliminate
the transfer of solid gypsum back to the extraction stages. Testwork was
conducted using a variahle aumber of stages of extraction and stripping.

Phase 1 Study

Large scale testing was conducted in seven cells of the Reister testrack.
The procedure used in the testwork was developed on the small cont-nucus Bell
system. The procedure consisted of: connecting the stages so that four
extraction stages and three strip stages were used (Figure 5.6); the cells were
loaded with the proper organic to aqueous ratio (0/A = 1 or 0/A = 3); solution
flow was initiated at Fhe desired flowrate (up to 500 cc/min.); samples were
taken (and pH monitored) of raffinate from stage two and stage four and from
the strip acid into and out of the system as a function of time;- phase
interfaces were observed for muck or crud formation.

Phase Il Study

Large scale testing was conducted in ten cells of the Reister testrack to
investigate a potential flowsheet allowing for low iron bearing solutions to be
treated by solvent extracticn without prior jarosite precipitation. The
concept for the study was that iron could be removed from the leach solution at
low pH by DZEHPA (see Figures 8.10a, b); iron would then be stripped from the
loaded organic by a HCl solution; the organic phase would then contact the
leach solition (at a higher pH) to extract zinc; the zinc loaded organic would
then be stripped by a sulfuric acid solution,

The procedure consisted of connecting the Reister testrack to provide a
flow pattern as presented in Figure 5.7.: one stage of iron loading; one stage
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of sulfuric ?cid stripping after iron loading for zinc removal (ferric ions are
not stripped by a 200 gpl HZSO4 solution); two stages of 1ron stripping; three
stages of 2inc loacing; and three stages of zinc stripping. The cells were
loaded with the proper organic to agueous ratio; the solution flowrates and
cell interfaces were established; and samples were taken of raffinate after
each stage of contact as a function of time. Phase interferences were observed
for muck or crud formation. '

5.2.2.3. Organic Degradation Testwork

Long term load strip testwork was conducted in a Bell engineering 600 cc,
ten-stage continuous testrack. The testrack cells were connected to provide
one stage (low pH) extraction of iron; three stages (higher pH) of 2inc and
{ron extraction; one stage of sulfuric strip for 2inc removal from the iron
loaded (small amount of zinc also loaded) organic; two stages of sulfuric strip
for the 2inc loaded organic; and three stages of hydrochloric acid strip for
fron loaded organic.

The purpose of the testwork was to expose tne organic extractant to a long
term, many cycle load-strip sequence to determine whether the extractant was
degraded with use.

Potential degradation of the organic evtractant was followed by closely
monitoring the element concentration in the raffinate solution and by
collecting organic samples after approximately every twenty liters of aqueous
contact. The organic sample was stripped twice wi.h 200 gpl sulfuric acid then
exposed to a standard leach solution (two contacts!. The effectiveness of the
organic phase extractant was determined by its ability to remove zinc and iron
selectively from the standard solution.

5.3. CHROMIUM OXIDATIGN

The oxidatfon of Cr"'3 in the aqeuous phase was studied by exposure to
chlormre gas (and other oxidizing agents) and by electrochemical oxidation.
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5.3.1. Chromium Oxidation by Chlorine
5.3.1.1. Phase I Study

The oxidatfon of chromium by chlorine gas was studied first on a 100-500
cc scale; followed by 1.5-15 liter scale tests; then large scale tests at
thirty liters and seventy-five liters. The procedure was td prepare a solution
with appropriate chromium content (usually prepared by kettle leaching a
sludge, removing the iron by jarosite precipitation, removing the copper by
LIX-622 solvent extraction, removing the zinc by D2EHPA solvent extraction);
adjust pH; purge in chlorine to establish a desirable solution Eh; sample as a
function of time to determine the extent of Cr*3 to C*6 oxidation.

Large scale testwork was performed in a 40-liter polypropylene vessel and
in a 120-11ter polypropylene vessel., (A schematic representation of the
reaction system is presenied in Figure 5.8). A chlorine lance was constructed
from PVC and the sparge rate adjusted to maintain the solution Eh at approxi-

mately 1000 mv. The experimental results are presented in Section 8.9.1.1.

5.3.1.2. Phase Il Study

Large scale testwork was continued during the Phase Il study using an
efficient chlorine gas-solution contactor system; a chlorinator. A chlorinator
in its simplest design resembles an aspirator system. Liquid solution is
pumped through a venturi. Pressure change is generated that aspirates chlorine
through a side port. Turbulence 1s created in the solution by movement through
chlorine gas. A schematic drawing of the chlorinator system is presented in
Figure 5.9. The experimental results and discussion of results are presented

in Section 6.36 and Appendix 8.9.1.1.2.

5.3.2. Electrochemical Oxidation

5.3.2.1. Phase I Study
Solution oxidation of chromium in an electrochemical reactor is depicted
schematically ir Figure 5.10. Only small scale oxidation studies were
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conducted in the Phase I study. The results were very encouraging and a large
scale reactar was included in the second phase study. Two small scale studies
were performed; a series of batch oxidations and a continuous flow oxidation

study. A summary of the experimental results is presented in Section 3.9.1.2.

The batch tests were performed on zinc raffinate prepared during the
sequential series five tesiwork. The solution was, therefore, relatively free
of Fe, Cu, and In. The solution contained a mixture of chromium arnd nickel.
This solution was used to fill the anode chamber (approximately one liter) and
a 180 gpl HZSO4 solution was used to fill the cathode champers. The desired
cell voltage and current density were establisked and the oxidation allowed to
proceed for a designated time. Samples were taken as a function of time and
analyzed for all metal values and for (::"'3/(::"6 content.,

The continuous test was conducted on the same zinc raffinate solution.
The anode chamber was filled with zinc raffinate partially oxidized previously
in the batch tests ( 69% oxidized chromium). The two cathode chambers were
filled with 180 gpl H2504. Unoxidized zinc raffinate was fed continuously into
the anode chamber at 3-5 cc/min. and a similar volume was withdrawn. The exit
stream was sampled as a function of time.

§.3.2.2. Phase II Study

An electrolytic cell was constructed of 3/8 in. acrylic sheet material.
The cell dimensions were: 18 in. length, 12 in. width, 12 in. depth. Overflow
weirs were provided along the two sides of the cell. The overflow solution was
collected at the ends of the cell and was recirculated to the bottom of the
cell. The base of the cell was fit with a false bottom in the shape of an
inverted acrylic pan one-inch high. Solution distribution holes (1/32 in.
diameter) were placed on all four sides of the pan at 1/4 in. intervals to
{nsure that the recirculating solution was evenly distributed in its flow dack
into the chamber.

A second cell was constructed of 1/4 in. acrylic sheet; 14 in. length, 6
in. width, and 12 fn. depth. The two long sides were cut and fit with a 11 in,
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by 10 in. Nafion 423 diapnragmn. The diaphragms were secured in place by
plastic flanges. A cross pipe was drilled with small noles and placed along
the length of each Nafion diaphragm. This arrangement allowed air to be blown
upward across the face of the diaphragm. The two chambers are depicted
schematically in Figures 5.11 and 5.12.

The electrochemical oxidation cell was formed by setting the smaller
chamber inside the larger chambder on the false bottom. The inner chamber is
the anolyte cell where oxidation occurs. The outer chamber is the catholyte
cell where reduction occurs. Anolyte solution containing the Cr’3 and Ni’z
jons is prevented froa intermixing with the catholyte solution containing
sulfuric acid by the walls and the Nafion diaphragms. Busbars for current flow
were made from 3/4 in. copper tubing. Current was suppl.ad to the busdars by a
100 amp OC power supply (Lambda Mode! LES-F).

Electrode material was lead. Electrodes were 1/4 in. sheets by 12 in. by
4 in. (both cathodes and anodes). Later in the study special Righ surface area
anndes were constructed and investigated. These anodes were constructed using
3 1/8 in. perforated lead sheet. A 12 in. by 6 in. section of the perforated
lead sheet was lafid down and layered with plumber’s lead wool then overlapped
with 2 section of perforated lead sheet. The sides were folded over and
crimped to form a structurally strong anode.

Inftial static tests (anolyte was not continuously fed i1nto the anode
chamber) were performed using the lead sheet electrodes with an
anode:diaghragm:cathode ratio of 1:1:1. The applied voltige was 3.5 v. The
initial current density (c.d.) was 8 amplftz. The c.d. increased to 12 amp/ft
over a 24 hour period.

2

Anolyte solutions w2re sampled and analyzed fcr total chromium, hexavalent
chromium, and nickel. The hexavalent (oaidized form of chromium} was
determined by exposing an aliquot of the anolyte to an equal volume of Rohm and
Haas anionic exchange resin IR-900. The resin-anolyte mixture was shaken for
five minutes, then the solution was recovered and analyzed for chromium content
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resin). The difference between the total chromium in the originai sample and

the chromium analyzed i1n the fon exchange resin treated solution was taken as
the hexavalent chromium content. A standard solution of chromic acid
containing 20 gpl Cr was prepared. An aliquot of this solution was treated
similar to a test solution. Hexavalent chromium extraction by the resin in
five replicate samples showed 98.6 + 1.5 percent removal by the ion exchange
resin.

Catholyte solutions were analyzed for total chromium and nickel. All
solution analyses were performed using a Perkin-Elmer 303 atomic absorption
spectrophotometer using a nitrous oxide-acetylene flame.

The results and discussion are presented in Section 6.3.6. and Appendix
8.9.1.2.

5.4. CHROMIUM PRECIPITATION

The oxidation of chromium (Section 5.3.) resulted in a leach solution
containing only chromium, as Cr207°2 or HCr04'1. and Ni*2. The oxidized
chromium can be separated from the nickel cations by precipitation as lead
chromate. The lead chromate precipitation is a way of removing the chromium
selectively from the nickel and it also provides a means of concentrating the
chromium, {.e., the separated lead chromate- solid phase can be releached to
form a high concentration chromic acid and solid lead sulfate. The lead
sul fate then can be recycled to the oxidized leacn solution to precipitate more
chromium.

The experimental procedure used to consider the precipitation of chromium
consisted of small beaker tests to observe the effect of pH, time, and amount
of bbso4 on the recovery of chromium from solution. These tests were followed
by large scale precipitaticn experiments in an agitated vessel. The large
scale test procedure consisted of feeding a predetermined amount of lead
sulfate into 45 liters of a leach solution previously sequentially treated for
fe, Cu, and Zn remuval; agitating the solution to suspend the

55



wwrrmw g T w—w—sirg s ws W mwe SgUtWmeYWW WW g @RI It W'Y MWLV UYS PITUEN W W s wrew -

tion of time so that the degree of chromium removal could be determined; main-
taining the pH in the range 3.5-4.5; terminating the agitation to allow the
solids to settle (15-30 minutes); decanting most of the solution from the
solids; and recovering the PbS04-PbCr04 solids by filtration; redissolution of
the lead chromate in the solids in a sulfuric acid solution to determine the
ability to concentrate the chromium and to observe the contamination of other
metal ions in the resulting chromic acid. The results and discussion of re-

sults are presented in Section 6.3.7 and Appendix 8.10.1.

5.5. NICKEL RECOVERY

Nickel is the last metal ion to be removed from solution. Its concentra-
tion in solution is usually in the range of 2 to 6 grams per liter. Therefore,
it must be concentrated. Two major means of concentration were investigated,

i.e., precipitation as nickel suifide and solvent extraction.

5.5.1. Sulfide Precipitation

Sulfide precipitation was investigated by small scale testwork utilizing a
design matrix to establish the important experimental variables. Tests were
conducted in small beakers to establish the irfluence of pH, time, and Naz$
concentration. The small scale testwork was followed by a large batch test on
42 liters of leach solution (pretreated for Fe, Cu, Zn, and Cr removal).

The large scale test procedure consisted of: feeding a solution of Najp$
slowly into the reaction vessel; maintaining the solution pH in the range 4-4.5;
sampling as a function of time; agitating the slurry to keep the precipitated
nickel sulfide suspended fn the solution phase; terminating “he agitation and
filtering th~ solids from the solution. The results and discussion of results

are presented in Section 6.3.8 and Appendix 8.11.1.

5.2.2. Solvent Extraction of Nickel

Solvent extraction of nickel is not commercially practiced (except in
ammoniacal solutions). Therefore, only preliminary small scale tests were
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Conducted to investigate potential solvent axtraction concentration of nickel.
All of the testwork was performed in small (125-250 cc) separatory funnels,
The procedure used was the same as described for copper extraczion in Section

S.2.1.1. The results and discussion of results are presented in Section
8.11.2.
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SECTION 6
RESULTS AND DISCUSSION

6.1. LARGE SCALE SEQUENTIAL TEST MASS BALANCE (HIGH IRON)

A flowsheet summarizing large scale sequential experimental studies is
presented in Figure 6,1. Included are mass dalances for Cu, Fe, Zn, Cr, Ni,
Cd, Al, and Ca. A summary of the distribution of each element into the various
products is presented in Tables 6.1 and 6.2. The metal content of each solfid
product is presented in Table 6.3. The element distributions presented in
Figure 6.1 and Tables 6.1 through 6.3 are based on calculated values for 100
pounds of sludge and are, therefore, hypothetical numbers. Tne distributions
are, however, based on data generated in the large scale sequential testwork
presented in Section 8.;3:

The throw-away product in the process is the leach residue-jarosite solid
mixture; i.e., there are about 15,000 grams {33 pounds) of solids in the
starting 45,400 grams (100 pounds) of sludge; from the leach of this solid
material 4,800 grams of leach residue remain and 6,800 grams of jarosite are
produced. A large fraction of the iron (>951) is rejected to the solid. Some
metal values are also lost to the solids; i.e., 1C% copper, 6% In, i8% Cr, and
6% Ni. The copper l1oss 1s higher in the large scale testwork than noted in the
small scale testwork; nickel and zinc are similar to other testwork; and
chromium loss is quite variable but usually falls within the range of about 15

to 25 percent.

The reason for the apparently high copper and chromium loss during the
jarosite precipitation process is related to the presence of phosphorus (note
the sludges in the Phase I study contained 2-4% phosphorus, Table 4.1). The
jarosite conditions are ideal for the partial deposition of copper and chromium
as phosphates; see Figure 6.2. The equilibrium chromium content (at 80°C) is
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Figure 6.1. Treatment of 45.4 kg (100 1bs.) of high iron metal hydroxide sludge per day:
element distribution.

Voluse or Mass

1. Sludge (33% solids) s 15.0 kg solids
30.4 kg solution
2. Recycle Solids (35% solids): 0.34 kg solids
0.65 kg solution
3. Recycle Solution :188.0 1

s, sto‘ Acid s 10,21 (41.6 lbs.)

kg
3
kg
X

kg

45.4 kg (100 pounds)/day

Concentration {kg/day or X)

Fe Cu In Cr __!l__ Cd Al Ca
2.56 0.87 1.24 0.91 0.3% 0.01 0.42 0.30
17.1 5.8 8.3 6.1 2.3 6.10 2.8 2.0
0.13 0.00 <0.L. 0.11 0.00 <0,l. 0.03 <0.l.
5.8 0.0 <p.L. 23 0.2 <p.L. 8.8 <D.L.
<p.L. <p.L. <p.t. <0.0% <0.01 <0.lL. <D.L. <i.L.

l

Acid Leach
+40-60°C

*0.5 he.

pH = 0.5-1.5

lpu « 1.0-1.5

Volume or Mass

5. Leach Solution s 229 1

op}

kg

Cu

Extractions (%): 92.0 93.7 95.1 96.5 95.9 93.0 95.9 15.0

Concentration (i!!‘!y or gpl)

Fe Cu In Cr [1] Cd Al Ca
10.29 3.99 . 3.84 1.42 0.06 1.n 0.20
2.36 0.82 1.18 0.88 0.32 0.0} 0.40 0.04
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Figure 6.1. Continued

Voluse or Nass

Concentration (kg/day or %)

fe Cu In Cr Ny cd Al Ca
8. Residue Solids : 4.8 kg (dry basis) kg 0.21 0.06 0.06 0.03 0.01 0.00 0.01 0.2%
(not separated, i.e., sub- X 4.3 1.2 1.3 0.7 0.3 0.0 0.3 5.

sequent jarosite precipi-
tation performed in pre-
sence of leach residue)

7. KOH Solutien (500 gpl) : 10.0 1)

8. 10, (302) : 251

Evaporative Solution Loss: 24 |

fe Cu I Cr Wi €4 Al Ca
Extractions (%): 97.0 2.7 2.0 15.0 3.6 6.2 4.5 0.0

KOIE: Chromium luss would be auch less if the jarosile]
solids are reloached with H,S0, at a pH of < 0.5,

Jarosite Precipitation
*85-920C
*6 hrs.
‘o « 2.0-2.5
GSUNNEURAGERSEFANESRERESNBRRNAS "ltef
9, Leach residue - jarosite Press
Solid (65% soll?): 12.8 kg Solid
{11.6 kg solids, Liquid
6.2 kg solution) lqud
AONEOREPPRSANNERANEASIREDRERER

lp“ e 1.7

———— 13 ] wash water
GPRANEESNNUNERR AN ANNEGAREORORAGEACERRNYEOEREERAUENDNRARNASDRRRUNIRES

fe Cu In Cr Ni Cd Al Ca
kg 2.50 0.08 0.08 0.16 0.02 0.00 0.19 0.s5.
x 2.6 0.2 0.2 l.& 0.2 0.0 1.6 2.2
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Figure 6.1. Continued

GFASABRERACs AR RN RIRARGERRIAANN PRI ARARIAARARRONEERARAE ARG PESAARORPRIEARURRRRRAIaENGR RS aAROARANRERPORSRAARANERERSERARAARRGISRAREORES

Coucentration (kg/day or gpl)

fe Cu 2a Cr i cd Al Ca
10. Filtrate s W) 9pl 0.3\ 3.51 $5.09 3.30 1.36 0.00 0.98 0.18
kg 0.07 0.80 1.16 0.2% 0.31 0.00 0.22 0.04

Estraction Efficiency: Stage | - 96.6% Cu
Stage 2 {pH = 1.9) - 95.3% Cu

Solvent €xtraction of Copper
+Initial pH = 1.7

*Tesp. = 40-50°C

“Tuo-stage extraction, 0/4a1
*Tuo-stage steip, 0/A-l,

180 gpl H,SO,
*15 v/o LIX-622, 65 v/o
KERNAC 4708
+250 ¢cfmin. each phase

~ .

Copper may be electrowon (0.80 kg)
or

crystallized as CuSO,*SH,0 (3.15 ho)

pH = 1.4

Concentration

fe Cu In Cr Ni Cd Al Ca
12. Raffinate : 2% 1 gpl 0.31 vor 0.005 5.09 3.0 1.36 0.0 0.98 0.18
(90x Fe ) .
kg 0.07 <0.01 1.16 0.75 0.31 0.00 0.22 0.0

13. NaOM (400 gpl): 1 liter
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Figure 6.1. Continued

Stage: 1 2 Solvent Extraction of Zinc
*Initial pH - 2.5

70.0% In  50.0% In *Teap. = 40-50°

30.0% Al 20.0% Al “four stages of extraction,
. 50.0x Ca 20.0% Ca pH adjusted back to 2.5

50.0% Fe 20.0X Fe after second stage, 0/A-]
Stage: 3 \ *Three stages of strip

* (200 99' "250‘,. 0/A=]} SIAGSOARNAGASSANRR NP NIAREARENOENNADERNanAUPRAENANCROERED

70.0x Zn  50.0% In *40 v/o DEHPA, 60 v/o

30.0% Al 20.0% Al KERMAC 4708

50.0x Ca 20.0% Ca

50.0% fe  20.0% Fe ‘\\~\\-‘ 14. Zinc may be crystallized as ZnS0,-7HU
:::;’st:;:“en‘,= 85.0% Zn pH = 1.3 Composition of solution from which In is

$9.0% Al crystallized:

190.0% Ca In Al Ca fe Cd

" 0.0k Fe kg 1.16  0.15 0.0 0.00 0.00

(ppt. as’gypsu-)

Composition
Fe Cu in Ce Ni Cd Al Ca
1S. Raffinate: 224 1 gpl 0.07 0.00 0.11 3.30 1.36 0.06 0.27 0.03
kg 0.02 0.00 0.02 0.75 0.31 0.00 0.07 0.0l
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Figure 6.1. Continued

l

Chroniua Osidation

+——————— 8 liters 500 gpl HaOH
*Initial pH = &-5

*Teap. = 30-50°C Oxjdation EffFiclency: B85%

*Retention Time =

‘_s hoUrs SRM0 NSRRGSR NRAARRARN RN ARCICNACEAEROCIASBRENGENRACRONCRRERORAORERAEREENRS
‘--"‘l6. Precipitate (35% solids): .34 kg solids
0.65 kg solution
Fe Cu 2 cr N cd Al
. of = &5 kg 0.02 - - 0.1 - - 0.03
3 5.8 - - 32.3 - - 8.8
GERSARARNECNGNANE IR RAOARNORAORAOOC RGP OEENRCEREENCERANARGRARAAAADAARISROED

“~ fe Cv n Cr Ni Cd Al Cd
17. Ozidized Solution: 228} gpl <D.L. <D.L. 0.11 2.81 1.36 <p.l. 0.1 0.03
kg - - 0.02 0.64 0.32 -- 0.0) <0.00

18. Llead Sulfate (2% Stolchiosetric Requirement): 156 kg

G0 RCaP AN RRRSaRREeNE IR NIORP SRR ORI QeI R AR IR RAGe s aAaiou RNt RaRIeRaaeURaNsRanErPeEMacRERRARRERANNERNARAUREn)ICVOASIRRRRanSS



Figure 6.1. Continued

4

Chrosius Precipitation ————— 0.6 1 S00 gpl RaOM
*Teap.: Asbient )
*Time: 0.5 hr.

*2X Stoichiometric
Requirement of PLSO,

B i [ 11 2% Entrapped Solution: 5.2 1

*Initial pH = 3.5-4

— 19, PBCrO,-PbSO, (70% solids): 6.0 kg PbSO,-PLCrO,
. 2.6 kg solution

v9

pH = 3.9-4
Fe Cu in Cr Ni Cd A) Ca
kg 0.00 -- -- 0.64 -- - 0.03 --
X 0.0 - - 11.0 [111] 00 0.5 .-

Concentration
20. Solution: 2301 fe Cu in Cr Ni Cd Al Ca
gpl <p.L. <b.i. 0.09 0.008 1.40 .- -- 0.03
kg .- -- 0.02 <0.00 0.32 -- - <0.00

21, NapS Solution (325 gpl): ® 1

l
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Fiqure 6.V, Continued

l

Rickel Precipitation —— 0% ] 400 gpl Hy50,
“lemp. = 25-35°¢C
*lise = 0.5 hr

*2x Stoichliometric
Requiresent of NeS
{not optisized)

*Initial pH » -4

l____-_::...........................................................................

22. Sulfide Precipitate (35% solids): 0.5 kg solids
1.4 kg solution

1] Ce In [ ]
PH » 3-4 kg 0.32 <0.00 0.02 <0.00
64.0 - 4.0 .-

Concentration

23. Recycle Solution {to leach and to Fe Cu 20 Cr 1 cd
vater saheup): 11

Al
gpl <.l <D.l. <0.L. <0.01 <0.01 <0.lL. <0.l.

To Recycle
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TABLE 6.1.

TREATMENT OF METAL HYOROXIDE SLUDGE:

ELEMENT DISTRIBUTION SUMHARY

Olsteibution (bg/day)

oduct LOTM{TY] ¥oluse (1) fe Cu In_ ¢ N ¢ Al 1)
Tser Tigore &.1)
Straas 8o,
). Sludge 19.0-s0lids 30.4 hg-selution 2.9 0.8? L. 0.9 0.3 0.0 0.42 0.30
2. Recycle Selids 0.3%-30lids  0.65 dg-solution 0.13 0.00 <o.t. 0.1l 0.00 <0.\. 0.03 <.L.
3. Recycle Solution 180.0 ) QL. <D, D, <£0.01 <001 D, QD.l. Q..
S, N80, Aci¢ 10.2 1
S. leach Solutlon 9.0} .38 0.82 )00 0.80 0.2 0.00 0.49 0.04
6. Residue Solids A8 ko [ 1] 0.08 0.08 0.0} 0.0} 0.00 0.0t 0.28
1. 0% {300 gpl) 10,0 1
0. Hup (302) 251
9. Residue Solids- 11.0-s0lids 6.2 kg-solutien 2.5 0.08 0.08 0.6 0,02 0.00 0.1% 0.28
Jarosite
10. Filtrate R.0 1 0.0? 0.80 1.16 0.7 a.n 0.00 0.22 0.04
11, Copper Strip 7.9 | aqueowy cenm 8.80 0.00 0.00 0.00 0.00 0.00 0.00
Circult 7.5 | ergenic
12. Cu Baffinate .o 0.07 «<0.00 .16 0.2 O 0.00 0.22 0.0
13. ®a0h (400 ¢pl) 101
18, Riac Strip 10,9 1 Agueows 0.0%5 000 1.168 0.00 600 0.00 0.1 0.0
Circuid 11.5 | Organic
15. Qinc Raffinate 2.0} 0.02 0.00 0.02 f 0.3 0.00 0.07 0.0}
16, Preciplitote 0.3 -solids 0.65 kg-selutien 0.02 0.00 <0.I. 1] 0.00 <.t. 0.03 <.1.
{rene a8 M)
17. Osldized Solution 220.0 ) 0.00 0.00 0.02 0,64 0.)? 0.02 0.03 .00
18. Lead Sulfate .6 Ao
19, PbLr0¢-PBSO, 6.0-s0lid 2.8 hg-solution 0.00 0.00 0.00 0.64 0.00 0.00 0.0) 0.t0
20. Solstion 240.0 ) 0.00 0.00 0.02 0.00 0.32 0.00 0.00 0.00
2). @335 Solution 6.0 )
(325 ool)
22. Sulfrde Precipitate  0.3-s0lld 1.3 kg-solution 0.00 0.00 0.02 000 0.3? 0.00 O0.00 0.00
2), Recycle Einal Seln. 23.%5 ) @.l. <D.A. <D, <0.01 <0.00 <b.i. <., <.,
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TABLE 6.2. TREATMENT OF WETAL HYDROXINL SLUDGE: ODISTRIGUTION TO SPECIFIC PRODUCTS

Distribution Tn Specific Distribution (%)

Product Fe Cu 2n cr N Al Ca
Leach Residue-Jarosite 97.6 9.2 6.4 17.6 5.9 42.2 86.6
Copper SX Circuit 0.0 92.0 0.0 0.0 0.0 0.0 0.0
Zinc SX Circuit 2.0 0.9 9.9 0.0 0.0 3.3 10.0
Chromium Slurry Oxidation Solid 0.8 0.0 0.0 12.1 0.0 1.1 c.0
(Recycled to Leach)
Lead Chromate-Lead Sulfate 0.0 0.0 0.0 70.3 0.0 6.7 0.0
Sulfide Precipitate 0.0 0.0 1.6 0.0 9.1 0.0 0.0

Notes: . Distribution balance based on flowsheet Figure 6.1.

. Detailed experimental results for large scale seyuential testwork presented in
Section 8.13.
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TABLE 6.3. TREATMENT OF METAL HYDROXIDE SLUDGE: ELEMENTAL CONTENT IN SOLID PRODUCTS

Product Elenental Content (%)

Fe. _Cu_ _1In Cr L1 Al Ca
Starting Sludge (Solids) 17.1 5.8 8.3 6.1 2.3 2.8 2.0
Leach Residue 4.4 1.2 1.2 0.6 0.2 0.2 5.4
Jarosite 33.7 0.3 0.3 1.9 0.} 2.6 3.8
Lead Chromate-Lead Sulfate 0.0 0.0 0.0 11.0 0.0 0.5 0.0
(27.9% PbSO,, 68.3% PbCrO,.
1.52 Al(0i .
Nickel Svifide 0.0 0.0 0.4 0.0 64.0 0.0 0.0

Notes: . Based on flowsheet Figure 6.1,

. Detailed exverimental results for large scale sequential testdork presented in
Section 8.13. ]
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gbout 0.5 gpl at pH of 2.0. The effect of pnosphate precipitation is not
considered a deterent because the jarosite (once formed it does not reaaily
redissolve 1n acid solutions) can be releached to redissolve the chromium
phosphate and copper phosphate.

If an operating plant has phosphorus containing sludges then an acid
releach (pH and temparature controlled) of the jarosite may be desirable. The
resulting leach stream could be fed into the solution stream from the jarosite
fiitering unit operation. This approach is discussed in Section 6.3.2.

Other investigators have reported chromium contents in potassium
jarosite(l’z) to be in the range 0.6-1.6%. The present results show 1.9% Cr.
It is presently not clear whether this loss is 31 true chromium substitution for
iron to form K(Fe.Cr)3(0H)6(SO4)2 or whether a coprecipitated chromium
phosphate phase forms on the jarosite surface. The condition of the sequentiai
tests was very oxidizing. This also has been notad in the present work to
enhance chromium loss. It is reported in the literature(3’4) that Cr04u may
substitute completely for 504= in the jarosite structure, i.e., &
KFe3(Cr04)2(0H)6 compound forms. Therefore, under highiy oxidizing conditions
the following reactions are expected to occur:

Chromium is oxidized slowly,

3

34,0, + 2¢rt * e % = 0.6 volts

205 + 2H,0 = 2HCrO st 8H

2
Iron also oxidizes

2 3

H,0. + 2Fe*? ¢+ 2t = 2Fe’

0
20, + ZHZO e = 1.0 volts

Both reactions are thermodynamically feasible. As long as there is any
ferrous icn present the HCr04' ions will oxidize the ferrous ioas:

+

2, = 3Fe

+3

HCrOA' + 3Fet + Cr+3 - 4H20 e % = 0.4 voits

70



When the iron has all been oxidized, HCr04' (present at all pH levels if
chromium content is less than=1 gpl(s)). then should form. This oxidized
chromium is, therefore, available for reaction to form the jarosite.

Therafore, proper solution conditions must be chosen to minimize chromium loss,
i.e., the addition of a minimum amcunt of oxidizing agent is required
(sufficient to oxidize the iron but not the chrumium). Also signifiéantly less
loss of chromium can be expected in those systems that are relatively low in
fron contant, e.g., if 0.6-1.6% Cr+3 is incorporated in the jarosite
precipitate(z) then if the iron content in a solution is 1 gpl (and the
chromium level remains at 3.8 gpl as iltustrated in Figure 6.1.) instead of ten
grams per liter the loss of chromium to the solid would drop to the range 0.l
to 0.4% or iess. This conclusion needs further testwork for verification but
kettle test results support the conclusion. Further discussion of impurity
incorporation in precipitoted jarosite is included in Appendix Section 8.3.1.

A list of summary comments for each large scale unit operation is
presented below. A detailed presentation and discussion ¢f all large and small
scale testwork are presented in the following section, 6.3, and in Appendices
802-8-160

*The sulfuric acid leach operation is effective in redissolving the
metal values. The dissolution is rapid and without control
problems. The leach is carried out in a single 270 liter vessel.
The conditions required arg well characterized, and rather mild,
j.e., one-half hour, 40-50C, sludge/liquid ratio of 0.8, acid
content to control pH in . h- -~ange 0.5-1.5, and agitation
sufficient to suspend the particulate in the solution phase.

The sludge dissolution is essentially complete in less than
one-half hour. Therefaore, the leach operation is not the
controlling step in the overall treatment sequence. The leach unit
operation is capable of treating over a ton of sludge per eight
hour day. The filterability of the leach rosidue product is
difficult. The filterability of a mixed leacn residue-jarosite
product is rapid and effective. Therefore, in most testwork the
jarosite precipitation process was performed in-situ with the leach
residue solids.

*The iron removal unit operation is via the precipitation of
potassium jarosite. The precipitation process requires elevated
temperatures and relatively long reaction times. Two hundred
liters of leach solution slurry can be treated in cix-eight hours.
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The jarosite process allows ircn to be removed from an acid
solution. The proaucs 15 a crystalline compound that has evcallent
settling and filtering properties. Tone iron removal process has
been demonstrated on high iron sludje materials, i.e., 15-20% iron
in the starting sludje solids. This means tnat for these
particular sludges a significant quantity of leach residue-jarnsite
solids are formed, e.g., 11.6 kg of solids or 17.8 kg of wet
materiai (see Figure 6.1.) for a 17.1% Fe bearing sludge raterial.
Therefore, the disposal of 17.8 kg would be required instead of
45.4 kg or approximately forty percent of the original sludge
weicht. A significant quantity of sludge material exists that has
jron contents much lower than the above values. The jarosite
process is also effective for treating the low iron ccataining
sludges, e.g9., two-four percent iron. The quantity of leach
residce-jarosite solids produced from such sludge material would be
rather small, e.g., a sludge similar in composition to the Figure
6.1 material but containing two percent 1ron would yield 5.6 kg of
leach residue-jarosite solid. This quantity of solids translates,
at 652 solids, to 8.6 kg of disposable material) instead of 45.4 kg
or appraximately one-fifth the original sludge weight.

Jarosites are widely produced in the zinc industry. They are
deposited in lined storaga ponds. It is gdifficult to state whether
their heavy metal content means that the jarosite should be
considered a hazardous material but even if that is the case at
least a significantly smaller weight of material must be considered
for disposal.

High iron sludges do (low iron sludges dc not) present a problem
for chromium recovery. Significant amounts of chromium are lost
when the jarosite precipitation is performed. It is believed that
the 1oss can be minimized by maintaining conditions such that
chromium is not oxidized and the nH is maintained below 2.5. A
releach of the jarosite solids appears to be necessary, if the
sludge is a phosphorus containing sludge, to prevent both chromiun
and copper 10SS.

Mechanical control of tne system is no problem. Chemical control
must be exercised to ensure that the pH is maintained in the range
1.8-2.5 and that the iron is in the ferric form. Solid-liquid
separation is5 effectively accomplished by allowing the leach
residue-jarosite to settle; decanting the solution from the solids;
and pumping the small volume of remaining slurry to a filter press.

*The removal of copper is accomplished by solvent extraction (SX).
The extraction of copper from zirc, chromium, nickel and aluminum
is selective and effective (>96% extraction per contact Stage).
Copper contents of a few mg/liter are achievable in two stages of
contact and one stage of strip. The pH of the solution exiting the
jarosite precipitation urnit operation can be treated without
adjustment.
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The SX testrack is designed to treat up to 200 liters of solution
per day. The design thrcughput is 500 cc/min. for each phase.
Most tests to date have baen performed at 250 cc/min. Ten contact
mixer-settler units are available for copper SX. Therefore, this
unit operation is not the slow step in treatment sequence, i.e.,
three concurrent streams could be treated {(each in three cells) at
one time; at 250 cc/min., 360 liters could be treated per day. .

Large scale testwork has been conducted for up to six hours. Control
of flowrate and interface levels i35 easily achieved and requires
constant attention only during initial loading of the system. Once
the system interfaces have been established little operator atten-
tion is required.

°The removal of zinc is accomplished by solvent extraction. The
extraction of zinc from chromium and nickel is selective. Ferric
fron, aluminum and calcium are partially coextracted with the zinc.

The extraction of iron (only between 0.2-0.6 ¢pi present) with zinc
{s desirable because it provides a way of removing residual iron
from the solution., The iron once extracted into the organic is not
stripped by H2S504 but is stripped by HC1 acid (4-6N). Zinc is
stripped by H2S04 (200 gpl). Therefore, a means of bleeding iron
from the process stream is to load iron and zinc into the organic
phase, strip the zinc by contacting with HpS04 (200 gpl) followed
by stripping the iron from the organic by contacting with HC1 (4N).
Both strip solutions can be recycled until the metal content is
appropriate for recovery of zinc as zinc sulfate heptahydrate and
for disposal of iron as ferric chloride solution.

Calcium is coextracted with zinc but poses no problem because it
precipitates as gypsum in the HpS04 strip circuit. It can be
effectively filtered continuously from the solution during solu-
tion crystallization of zinc sulfate.

The zinc SX testrack is the same design as used for copper remcval,
Ten SX cells are available. The removal of 5 gpl zinc requires

four stages of extraction, three stiges of zin« stripping, and one
stage of iron stripping. Therefore, the removal of zinc is the
limiting step in the present treatment process. Two hundred liters
can be treated at a flow rate of 400 cc/min. for each phase in an
eight hour period. Some fiexibility does, however, exist by control
of the extracting reagent ccncentration .n the organic and by changing
the organic to aqueous ratio in the system.

Control of flowrate and interfaca leveis is easily achieved and does

not require constant attention once tne initial loading and interface
levels have been established; i.e., operator attention is
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minimal. The system can be shut off and restarted without
difficulty. Chemical control of pH' is required in zinc extraction
to achieve effective zinc remo:al. Solution pH control is
exercised by adjusting pd after ths first two-stages of contact.
Temperatures in the range of 40-55C are desirable for rapid phasa
dis¢.janement.

“Chromium removal is accomplished by first oxidizing chromium with
chlorine gas, then precipitating lead chromate. The oxidation is
more rapid if tne chromium is present as chromium hyd-oxide and the
system pH is maintained above four. Effective and rapid oxidation
on a small laboratory scale has been accomplished. The reactor
design used for large scale work was not as effective. Four to
five hours of conta-t were required in the large scale testwork.
Small and large scale tustwork has also been performed using
electrochemical oxidation in 3 partitioned electiode chamber cell.
The results were encouragi:qg and should be pursued further.

Chromium ramoval is very effectively achieved by precipitation of
the dichromaze anions using lead sulfate. The removal of chromium
is selective over nickel, i.e., nickel cations are not
coprecipitated with the chronium. Tha pr.cess is one in which lead
sulfate is regenerated for reuse, i.e., lead chromate can be
redissolved in sulfuric acid to form chromic acid while
reprecipitating lead sulfate. The precipitation <f lead zhromate
from tne oxidized leach solution is very rapid ( one half hour).
The 12ad chromate product is crystalline and dense. It settles
rapidly and the solid-liquid separation is very easy and rapid.

Mechanically the system operates easily. Chemical control is
required to maintiin the pH in the range 3.5-4.5.

*Nickel is removed by sulfide precipitation. The reaction is rapid
and near quantitative removal is possihle.  The pH is maintained in
the range 4-5 to ensure that hydrogen sulfide is not released. The
solids are readily filterable.

In actual practice a deficiency of sodium sulfide would be used,
i.e., less than the stoichiometric requirement to completely
precipitate tne nickel. This procedure would leave some nickel in
the solution but the presence of nickel is not a disadvantage
Lecause the final solution is recycled to the leach unit operation.
Several alternate nickel recovery processes are possible.

6.2. LARGE SCALE SEQUENTIAL TEST MASS BALANCE (LOW IRON)

A flowsheet summarizing large scale experimental studies for low iron
bearing solutions is presented in Figure 6.3. Included are mass balances for
Cu, Fe, 2n, Cr, Ni, Cd, Al and Ta. The major difference in this flowsheet and
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Figure 6.3 Treatment of 4.5 kg (100 Ibs.) of low iron metal hydroxide sludge per day: element disteribution

45.4 kg (100 pounds)/day

Volume or Mass Concentration (kg/day or X)
fe Cu 1 {] Ce L1 Al Ca

1. Sludge (25.0 solids) : 11.4 kg solids kg 0.66 0.68 0.91 1.52 2.0% 0.32 0.09

34.0 kg solution 4 5.4 6.0 8.0 13.3 17.9 2.8 0.8
2. Reeycle Solids (35% solids): _ 0.5 kg solids kg 0.01 0.00 0.0 0.21 0.00 0.06 0.00

0.8 kg solution X 1.6 0.0 0.0 35.6 0.0 10.0 0.00
3. Recycle Solutian : 188.0 1 kg 0.0 0.0 0.0 <0.01 <0.01 0.00 0.0
6, HZSOh Acid : 6.1 1 (25.1 1bs.)

SRR R R R AR AN ON NI R R RSN E e RS REN e RN e A e RO RaRRR SRR NN R AR aaE AR NEERE RS NI RNAONSdn AR S RARACIRCROREOCORERRRRSUpIRNARRORERAIROIRNIRS

!

Acid Leach

*40-60°C —_— 2R L N 2 XA
'0.5 hr Extractions (X): 92.0 93.7 951 96.5 952 96.9 15.0

pH = 0.5-1.5

~J
wn

| pil = 1.0-1.5

CRA R RIS AR RN RS R IR NN RS RN AR RSN ENARS AN IR ARE SRR SRR ARNEE O EERAERRAGARSPRANIGIRERCOENERGRRIRROAUARRNENRACSRESEDARERANERGIRRAERIAPERERS

Voluse or Mass Concentration (kgldal or gpl)
fe Cu 1{] Ce Ni Al Ca
5. Leach Selutien 1 e 1 opl 2.44 2.57 3.48 5.87 7.8% 1.2 0.05
. 0.61 0.63 0.86 1.46 1.95 0.31 0.0l
6. Residue Solids : 3.2 kg (dry basis) kg 0.05 0.06  0.04 0.06 0.08 0.01 0.08
X 1.7 1.3 1.4 1.8 2.6 0.3 2.4



Figure 6.3. (Continued)

Leach residue to disposal - 4=——— 11 ) wash water
Filter

(70% solids) 3.2¢ kg solid | Press

1.39 kg solution X [
(composition as above: Striam § So!:gj,,"'llquld

pH = 1.5
Concentration (kg/day or gpl)
fe Cu 1{] Cr Ni Al Ca
7. Filteate s-258 1 gpl 2.33 2.46 3.3 5.61 7.50 1.19 0.05
kg 0.60 C.64 0.86 1.45% 1.9 0.31 0.01

SRS R AR R R AN PG A RN PO RO RN N A R AR RN AV RN PSR RA RS RS RGN A AR A RN R ARA P RN AR RS SRR RS S RINR USSR R IAGRRAGHRNERRNRARNSUARIRAINTANOOUEROINDNS

1 8. 0.6 NaOW (500 gp!)

~ Solvent Extraction of Copper

o *Initial pH = 1,25 “— Extraction §fficiency: Stage | (pH = 1.75): 92.1%
*Teap. = 40-50°C Stage 2 (pH » 1.50): 85.2%
*Three-stage estraction, . Stage : (pH = 1.30): 43.8%
O/A - 1 Overall s 99.32

*lTuo-stage strip, 0/A = 1,
160 gpl HpS0,
*15 v/o LIX-622, 85 v/o

+ 9. Copper aay be electrowon (0.73 kq)

KERNAC &70R or
-250 cc/min. each phase crystallized as Cu50~'5H20 (2.43 hg)
‘ P" - l'3 GONNTAERYIAN OB APRIBECs ORI eRERRRRTNNANRRERANYIE ARARAREARAERabRRNERPAES
AR ONUABSRE NN NN R RN IR RO RO T O ARG RN R R RN EEPAUEACE N AT AN AN ERACOARAGRONECANNO e RARAERR AR RASERARCARPORRISRERARAARERRNEAFPROENDUANDY
Concentration

fe Cu In Cr Ni Al Cs

10. Raffinate t 260 ) gp! 2.3 0.02 3. 5.61 7.50 1.19 0.05

kg 0.60 0.01 0.86 1.45 1.9¢ 0.3 0.0}
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]



Figure 6.3. (Continued)

l 11. 3.0 1 NaOn (500 gpl)

Solvent Extraction of 1inc and Iren Extraction EFficiency pH
*Teap. = 40-50°C

*Four-stage Extraction O/A « ) te In Ca M

*Fhrev-stage H2S0, Strip Cell } 80.0 35.0 18.8 23.0 1.3
*40 v/o DEUPA, 60 v/o KERNAC 510 2 82.0 88.0 30.9 $9.0 2.0
+290 cc/ain Each Phase ] $5.0 §5.0 46.? 28.0 1.5
"HCY (6 W) 4 25.0 30.0 41.% 18.4 1.3

. *Hp50, (200 gpl)
*ph 1.3 lnto Cell One
*pit Adjusted to 2 lato Cell fwo

Overall 86.? 98.2 80.0 81.3

SAGLORNASRINERNERAAORRRARAANREAGRPRCERRERANSRIRERCECAARRRRININS

12. 1lron as FeCly in HCI (see Section 8.4 )}: 0.59 kg Fe
Zinc as 2050, in H3S04:

" b3 Solution Composition:
pH = L.
In Al Ca

kg 0.8 0.25 0.0

-~
~4

SRS URE RS RN IR P RO RO RO ST RIS IR RSN IN NN NSO R ORISR INEERUNNJUOONSLICRREORRIREBPIRARSIRADOOERAGEORIDEDEOESINORERAROSQREEGUEATOEPRLY

Concentration
fe Cu In Cr Ni Al Ca
13. Reffinete s 263 ) gp! 0.03 0.02 0.06 %,60 7.50 0.22 0.00
hg 0.01 0.00 2.02 1.45 1.9% 0.06 0.00

QORISR R aN R RCANN RN Se SRR NN P RRAE AN REANc RN AREAR s R ENRRRNACERaRUES I PR OO NdO SIS AEQREfen e aadiaieaeraiadcacsceNcadcincscanaentonasnaany

l¢. 8 ) 500 gpl MaOH

Chrosius Osidation
*laitial pH = 4-§ :
“Tesp. = 30-80°C Oxidation Efficlency: 65%

*Retention Tise = &-5 hrs. ORI EINENORERANIENREIERANEEIRCSNARTREERRIUNRERITIREERAOIsessRRItS

15. Precipitate {35% sollds): 0.5 kg solids, 0.9 kg solution

ot o 4-§ fe Cr Al

. kg 0.01 0.1s 0.02
T 2.0 300 4.0
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Figure 6.3. (Continued)

fo Cu In Cr 1] Al Ca
16. Oxidized Sclution : 201 gpl 0.00 0.00 0.06 4.79 7.20 0.1% 0.00
kg 0.00 0.00 0.02 1.30 1.94 0.0% 0.00
17. tead Sulfide (2% Stolehio-
setric requireaent) : 15.16 kg
.I....'..'..II.Il..l'.l.......ﬂ.....ll.l.IIII...I....'..I....I..I.........I.I..I.I......I.I...I.I...............III-......'......'.III.IlIIII.
l pH = 3.5-4

Chrosiuva Precipliation
*Tesp.: Asbient «—18. | liter 500 gpl WaOH
“lise: 0.5 hr.

*2% Stoichionetric
Requiresent of PbSO,
“Initial pi = 3.5-4

8L

— 19. PbCro‘-Pbsﬂ‘ (70% sallds): 15.7 kg PbSD‘-PbCrU‘

pH = 1.5-4
e _m
bg 030 0.0¢
X 8.3 0.3

GOa0 N NE IR P REARANSRUEATARARREONORICalNIRPRINNADRARRETFANRENREROUDBRRGRADRORAND
A BPERIPE ORISR PP R RINUANARANE IRl RURENSPaRAIOO0 SRR RARARA IR ENERIRERENPRERVIRRREGENRONPRRICREONTRRES YR UNDOUACRNERONEGENORARRROARENSS

Concentration
fe Cu In Cr Ni Al Ca
20. Solution : 280 liters gpl <D.L. «<D.t. 0.06 0.008 7.28 - --
kg - .- 0.02 <0.00 1.92 - -
21. lazb Selution (325 gpl) : 811

¢



Figure 6.3. (Contirued)

Nickel Prezipitatien
*Teap. = 25-35°C — 051 400 gp) H,50,
*Tiee = 0.5 hr.

*1X Stoichloaetric
Requireaent of anﬁ
{not optimized)

. *Initial pH = 3-4
SOSEROREURARAANAREGEORRBANG RSB ESRLEORAROOARRUERANIRRNERS -SSR ERSENRUNSIERERIAN
L ]
———+ 22, Sulflde Precipitate (35% solids): 3.0 kg solids
5.6 kg solution
L1 or 10 A}
G‘ pH = 3-4 kg 1.92 0.00 0.02 0.00
3 64.0 - 0.7 -

COSPFOERRRANPARRSR PN RN ENORERARADYAGPRORANRENONASANIRORSENARIANACANRRNANNORESS
SRASANERRANABESRENNINERANENAREPORENEREIENSARARERNAAREORRNRAATRIEROE: AREARNCEE O BERRGESANNIERASAEANEREDOASRNENERAERCaPRRGRRARIREENAGARANENSRNDY

Concentration

fo Cu in Cr Ni Cd As

23. Recycle Solution (to leach and to
water makeup }:292 liters q9pl <D.L. <D.L. <0.L. <0.01 <0.0} <D.L. <D.l.
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that presented in Figure 6.1 i$ that jarosite precipitation is not required.
Iron i5 removed from the system colution by soiveat extraction using DZEHPA as
the extractant with subsequert ferric ion recovery from the organic phase by
stripping with hydrochloric acia solutions.

A summary of the distribution of each element is presented in Tables 6.4
and 6.5. The metal content of each solid product is presented in Table 6.6.
The distributions are based on data generated in the large szale and continuous
testwork presented in Section 8.4.

A major advantage of this flowsheet over the high iron flowsheet is the
elimination of the jarosite precipitatiun unit operation. Therefore, copper
and chromium loss does not occur and less disposable solids are created.

The throw =way product is the leach residve; i.e., there are about 11,400
grams (25.0 pounds) of solids in the starting 45,400 grams (100 grams of
sludge); from the leach of this solid material 3,200 grams of leach residue
remains for disposal.

A list of summary comments for each large scale unit operation is
presented below. A detailed presentation and discussion of all testwork are
presented in Section 6.3 and Appendices 8.4 and 8.8. ’

*The sulfuric acid leach oparation for the low iron bearing sludge is
the same as presented previously, p. 71 .

*Solid/1iquid separation of the leach residue can be successfully
accoaplished by use of a filter aid, e.g., Udylite Oxyfin 985.
Pressure filteration is ineffective (the filter cloth plugs) in the
absence of a filtering aid.

*The removal of copper is accomplished by solvent extraction as
described previously, p. 72 .

*The removal of iron is accomplished by solvent extraction of iron
with D,EHPA in the first stage of the zinc extraction testrack. The
pH of ghe aquecus phase is decreased to approximately 1.0, then
contacted with a forty volume percent D,EHPA - 60 volume percent °
KERMAC 5103 kerosene. lron is extractea leaving the zinc, nickel,
and chromium in the aqueous solution. Some zinc is coextracted but
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TABLE 6.4.

TREATMENT OF METAL HYDROXIDE SLUDGE (LOW IRON) :

ELEMENT DISTRIBUTION SUMMARY

Oistribution {hg/day)

laput or Product Mase (9) Yoluae {1) le (1] {3 or 1] Al s
ses Fagure 6.3’
Strean No.
1. Sludge 11.4 solids 30,0 kg-solutlon  0.66 0.68 0.91 1.52 2.04 e.yn 0.09
2. fecycle Sollde 0.5 solids 0.9 hg-solution 0.0V 0.00 <0\, .21 0.Ld 0.06 <D.t.
3. Recycle Solutlon 188.0 | <D.1. <0.1, <D.l. <0.0) <0.0) «<0.L. <0.L.
4. Hy50, Acid 8.1 1
S. Leach Solutlen 268.0 1 0.61 0.63 0.86 1.46 1.95 0.3 0.01
8. Residue Solids 3.2 by 1.6 hog-solution 0.05 0.04 0.05 0.06 0.08 0.01 0.08
7. Filtrate 256.0 | 0.60 0.63 0.86 [} 1.9% 0.31 0.01
8. Na0d {S00 gpl) 0.6 1
9. Copper Strip 1.5 | Aqueous e 0.6) 0.00 0.00 0.00 0.00 0.00
Circuit 1.5 } Organic
10. Cu Raftinate 260.0 1 0.60 0.01 0.86 1.45 1.9¢ 0. 0.01
11, na0n (500 gpl) 3.01
12. Linc and lron 11.5 1 H250f209p)) 0.00 0.00 0.8¢ 0.00 0.00 0.12 0.0}
Strip Circuit (10.6 15¢. org) 7.5 1 HCL (6N) 0.59 - - - - 0.13 -
13. 2inc and Iron 224.0 ) 0.01 0.00 0.02 1.43 1.9% 0.06 0.00
Raffinate
16. NaOH (500 gpl) 8.0 1
1S. (same as #2) 0.5 solids 0.9 hg-solution 0.01 0.00 <D.L. 0.15 0.00 0.02 0.00
16. Oxidazed Solution 218.01 0.00 0.00 0.02 1.30 1.9 0.04 0.00
17, Lead Sulfate 15.2 89
18. K404 (590 gpl) 1.01
19.  ¥bCrO,-PbSO, 15.7 solid 6.7 hg-solution 0.00 0.00 0.00 1.3 0.00 0.0¢ 0.00
20. Solution 292.01 0.00 0.00 0.0? 0.00 1.9¢ 0.00 0.00
21, NapS Solution .01
(325 gpl)
22. Sulfide Precipitate 3.0 solid 5.6 kg-solution 0.00 0.00 0.02 0.00 1.9¢ 0.00 0.c0
2). Recycle final Sola, %59.0 1 <D.l, <h.i. <D.L, <0.0) <0.0] «d.l. <D.L.




TASLE 6.5. TREATMENT OF METAL HYDROXIDE SLUDGE (LOW IRON): OCISTRIBUTION YO SPECIFIC PRODUCTS

Distribution to Specific

Product Distribution (%)

Fe Cu In Cr Ni Al Ca
Leach Rosidue 7.6 5.9 5.5 3.9 3.9 3. 88.9
Copper SX Circuit 0.0 92.6 0.0 0.0 0.0 0.0 0.0
In and Iron SX Circuit 90.9 1.5 92.3 0.0 0.0 78.1 1.4
Chronfum Slurry Oxidation Solid 1.8 0.0 0.0 9.9 0.0 6.3 0.0
(Recycled to Leach)
Lead Chromzte-lead Sulfate 0.0 0.0 0.0 85.6 0.0 12.5 0.0
Sulfide Precipitate 0.0 0.0 2.2 0.0 95.1 0.0 0.0

NOTES: -Distribution balance based on fluwsheet Figure 6.3.

*Detailed exferimental results for large scale sequential testiiork presented in
Section 8.13. :
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TADLE 6.6. TREATMENT OF METAL IYDROXIOE SLUDGE (LOW I1RON): ELEMENTAL CONTENT IN SOLID PRODUCTS

Product Elemental Content (%)
_fe G _m e M N _C
Starting Sludge (Solids) 5.8 6.0 8.0 133 17.9 2.8 08
Leach Residue 1.6 1.2 1.6 1.9 2.5 0.3 2.5

Lead Chromate-Lead Sulfate 0.0 0.0 0.0 8.3 0.0 0.3 0.0
48.3% FoS50,, 50.4% PbCr,.
1.3 AV(0H)3

Hickel Sulfide 0.0 0.0 0.7 0.0 64.6 0.0 0.0

NOTES: -Based on flowsheet Figure 6.3.

*Detziled experimantal results for large scale sequential testhiork presented in
Section 8.13.



is stripped by 200 gpl sulfuric (iron does not strip). The iron
bearing organic phase is then stripped wath 6 N HC! and returned to
the testrack for contact with tne aqueous phase (at pH 2-2.5) for
zinc loading.

The hydrochloric acid strip solution effectively removes the iron
from the D,EHPA but a problem witn this approacn is the relatively
large quanGity of strip acid required. The hydrochloric acid
solution will only load iron to 5-9 gpl iron. Therefore, HCl
recovery and recycle would be necessary in a commercial operation.
Hydrochloric acid can be recovered from the strip solution by an
additional solvent extraction unit operation. Recovery of hydro-
chloric acid was not 1nvestigated in this study but is practiced
commercially by Tecnicas Reunidas Company at its Espindesa plant.

The removal of iron from the leach solution is effective; solutinns
containing <50 ppm iron can be produced. In the early stages of the
study of this flowsheet crud formation in the first contact mixer
and settler was a problem. In irun-phosphorus bearing solid phase
developed. The use of a low pH in the first contact ce.i and a low
aromatic kernsene eliminated this probdblem.

“The removal of zinc is accomplished by solvent extraction. The zinc
and iron solvent extraction system is one continuous system. A
large fraction of the iron is loaded in the first stage of the

. testrack at a pH of about one. Zinc extracted into the organic
phase of cell one is stripped dby contact with 200 gpl H 504; then
ircn is stripped from the organic by 6 N HCl. The orgaﬁic stream
then then enters the second loading cell where it contacts the
aqueous leach solution (at pH = 2-2.5). Zinc and iron are loaded
into the organic in three stages of contact; then stripped in three
subsequent stages of sulfuric stripping.

Cumments presented previously, p. 73 , apply to zinc solvent
extraction,

*The unit operations for the removal of chromium and nickel described
on page 73 to 74 are applicable also to this flowsnheet reference.

6.3. UNIT OPERATION STUDIES

The discussion material presented in this section will be a summary of
results. Tables and figures will be presented to support each unit operation
summary. Support data and detailed discussion of experimental results and
discussion of alternate treatment possibilities are presented in Appendices
8.2-8.14. Some studies presented in the appendix section are not discussed
here. These were studies performed to guide the research team in their
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salection of the mcst appropriate flowsheet but wnhose results wer2 not
favorable enough tc warrant further consideration.

The experimental approach and philosophy for the laboratory verification
studies include preliminary test of concept by screening experiments;
development of a two-level factorial design matrix for the experimental bench
scale studies; execution of the studies in the design matrix to establish which
variadbles are most important 2ad what the relative effect of each particular
variadle is on the measured rasult; and subsequent use of the design matrix
effects (by using the Box-Hilson “steepest ascent" approzch) to optimize the
selection of experimental variables for further larger scale testwork.

6.3.1. .each Studies (Detailed discussion and data presented in
Appendix 8.2)

6.3.1.1. Preliminary Testwork (Phase I)

Mixed metal sludge material was supplied by three sources in the Seattle,
WA, area; f.e., two electroplating firms and a chemical disposal firm. Sludge
compositions are, of course, variable and depend on many factors; such as
electropiating activity at a particular plant at a particular time; mixing of
spent liquor streams, etc. An illustration of composition variability between
sources and even within a particul ir source was presented previously in Tables
4.1 and 4.3.

Three leach concepts have been considered. i.2., sulfuric acid leaching,
cnlorine gas dxidative leaching, and caustic leachinc. Sulfuric acid leaching
will be discussed in this section; oxidative leaching and caustic leaching are
discussed in Appendix 8.13.

The sludge materials used in this study are designated by barrel number.
All materials used in the experimental program were mixed metal sludges
containing approusimately tweanty-thirty weigit percent solids. The sample
prepacation procedure used to prepare sludge for testwork was: withdraw a 500
gram sample; mix and blend; sample at the time of a designated test to
determine moisture content; chemically characterize the starting sample;
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withdraw a specified weight of sample from the 500 gram batch for leach
testing. Experimental reproducioility of the starting sludge solid composition
for a specific blended sample is presented in Table 6.10.

Sulfuric acid is a very effective leaching agent for treating mixéd metal
sludge material. B8ased on design matrix and optimization studies a standard
lcuch was chosen for all subsequent leach tests, i.e., the leach conditions
used 'n a majority of the subsequent testwork were: 1/¢ hour exposure;
agitation to completely suspend a1l particles in the solution phase;
temperature, 45-55°C; solid/liquid ratio, 200 gm sludge/250 cc added solution;
HzSO4 acid content, 100% of sulid weight (73-100 gpl "2504' stoichiometric
requirement for a typical test is =70 gpl).

A large number of leach tests, both in a kettle reactor system and on a
larger scale confirm that sulfuric acid extractions are excellent. Typical
leach ~esults are presented in Table 6.8.

The residue from the leach test does not pass the EP toxicity test; Table
6.9. This is a preliminary conclusion that needs to be verified or disproven
during a pilot scale study. The preliminary con~lusion is based on EP tast
results on three design matrix test residues.

The weight cf residue remaining after a typical leach test is
approximately fifteen percent of the starting solids. The final leach residue
is made up primarily of very finely divided iron and silica bearing compounds.
Example compositions are presented in Secticn 8.2.

6.3.1.2. Large Scale Leach

The large scale leach testwork produced a concentrated leach soiution,
e.g., leach of Barrel one sludge produced 30 liters containing (in gpl): 11.16
Cu, 20.47 Fe, 18.04 Zn, 1.76 Cr, 7.96 Ni, 1.14 Cd, 4.61 Al; leach of Barrel 1b
sludae produced 212 liters containing (in gpl): 3.25 Cu, 9.73 Ee. .27 iIn,
3.92 Cr, 1.21 Ni, 0.08 Cd, and 1.74 Al. Note the difference between Barrel one
and 18 concentrations. The test assembly is limited by tne iron and zin¢
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TABLE 6.7.

STARTING SLUDGE MATERIAL BLENDED SAMPLE REPRODUCIBILITY

Test No. Composition in Solid (%)
Cu Fe In Cr 4] Al Cd Ca Pb Na | 4
Barrel 5 {used in kettle test)
27 2.4) 11.33 8.40 1.36 5.08 4.05 0.39 1.08 0.09 0.68 -
228 2.4] 11.88 8.45 1.35 4.08 4.15 0.4) 1.00 9.10 0.57 -
229 2.48 11.65 8.75 1.35 5.08 4.55 0.4) V.10 0.09 0.76 -
Average  2.43;0.05 11.62;0.9 8.53;0.22 1.)5;0.00 4.99;0.90 4.25;0.20 0.40,0 €} 1.0630.0¢ 0.03:0.08 ©0.6850.10
Barrc) 18 (used in large scale test)
2486 8.26 19.05 6.15 8.52 1.9} 2.66 senn 0.3! 0.08 0.57 4.0
2487 6.57 18.06 8.61 7.10 2.23 2.8) 0.04 0.45 0.08 0.52 3.78
2488 £.03 17.37 9.99 6.24 2.28 .13 0.08 0.44 0.07 0.65 .18
2489 4.41 17.16 9.83 4.46 2.45 2.n 0.12 0.64 0.05 0.53 2.A9
2490 4.05 16.91 6.96 4.12 2.47 2.58 0. 0.64 0.11 0.41 2.54
Average  $.86:2.36 17.7141.3¢ 8.31;2.18 8.05.2 43 2.27,0.35 2.79;0.3¢ 0.09,0.03 0.30,0.19 0.08: .03 0.5¢30.11 3.24:0.70




TABLE 6.3. TYPICAL SULFURIC ACID LEACH OF MIXED METAL HYDRUXIDE SLUDGE: STANDARD CONDITIONS

Test Ho. Conditinn Metal Extracted (%)
Fe Cu In Hi Cr Cd Al
535 100 gm sludge 92.0 93.7 95.9 95.9 96.5 93.0 89.9
942 650 gm sludge 95.4 94.9 90.5 97.8 96.7 1m.0 95.7
532 1,000 gm sludge 55.8 93.3 94.2 85.0 96.7 97.0 96.0
249z 50,600 gm sludge 92.0 93.7 95.1 95.9 96.5 93.0 96.9
Notes: . Standard conditions: one-half hour leach; ambient temperature; sludge/liquid ratio = 0.8;

actd content equivalent to weight of solids in sludge.
. Detailed experimental results presented in Sections 8.2 and 8.13.
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TARLE 6.9. E.P. TOXICITY PROCEDURE APPLIED TO LEACH RESIDUES: EXPERIMENTAL RESULTS

Sample £.P. Leach Procedure Results (mg/l1)

_Cu_| _Fe Cr Ni In cd 4 Al Ca P b

370 $.88 <0.006 2.17 5¢.8 4121 10.17 < 0.006 2.13 29.4 <0.076 | 1.0
—_ (5.91) {1 {<0.006) | (2.17) | (56.8) | (388.3) (8.91)<0.006) | (3.27) | (2R.4) |(<0.076)}(}.30)
n 9.00 6.65 1.8} 151.5 401.9 12.48 {<0.006 | 25.30 43.C 2.58 2.53
_ (8.99) | (3.92) [(2.02) [(146.0) | (412.1) (11.65)2<0.006) [(23.84) | (42.8) | (2.95) }(3.24)

372 12.04 <0.006 2.18 92.42 132.4 6.27 {<0.006 4.28 22.62 | 10.3) <D.L.
(12.39) | (<0.006) |(2.28) } (93.31)] (1372.1) (5.19)]< 0.006) | (3.01) | {23.223}] (3.29) j(<D.L.)

373 24.5) <0.006 0.39 129.5 648.1 94.06 |<0.006 0.0 585.1 14.4 1.76
(24.4) ](<0 006) |(0.42) }(134.7) | {650.8) | (97.0) |<0.006) | (1.41) 1(584.V) 1(19.6) I(<D.L.)

See Table 8.2 for leach conditions to produce residue for E.P. Test; residue 370 resulted from matrix
test 261; residue 371 resulted from matrix test 291; residue 372 resulted from matrix test 356.




content in its ability to treat solutions, i.e., the jarosite precipitation
unit operation cannot be used to effectively treat iron contents above about
10-15 gpi; the zinc solvent extraction unit operation cannot be used to
effectively treat zinc contents above 5-6 gpl. Therefore, in some cases the
solid/liquid ratio used in the leach was varied to produce the desired‘solution
composition (of iron and zinc) or alternately concentrated leach solutions were
diluted to achieve desired solution composition.

A number of large scale leach tests have been performed. The results are
reported in the sequential data tabulation presented in Appendix 8.13, Tzbles
8.121-8.126. A summary of the large scale testwork is presented in Table 6.10.
The extraction results are exceilent and comparable to the results obtained in
small scale testwork.

The large scale leach operation (75-100 pounds of sludge per day) can be
accomplished in a single vessel in one-h2lf hcur reaction time; then the
conditions changed to favor iron removal by jarosite precipitation and the iron
removal operation performed in the same vessel. An alternate approach is to
leach continuously in a much smaller reactor and store the solution for Yater
Jarosite treatment.

The leach residue has poor settling and filtration properties. The
residue blinds the filtering media, i.e., filter papers (small tests) or filcer
cloths (large tests). The poor fiiterability of the leach residue was a major
r2ason for »dopting a treatment procedure based on precipitation of jarosite
into the leach residue. This greatly enhances the solid-liquid separation
process. A comparison of filterability between leach residue and leach
residue-jarosite mixtures in the pilot scale filter precs is presented in
Appendix 8.5, Tables 8.63 and 8.64. Rates are tremendously different, e.g.,
leach residue, 4.5 kg/mz/hr., leach residue-jarosite, 25-55 kg/mz/hr. Most of
the large scale solid/liquid separation testwork was, theretore, conducted on
leacn residue-jarosite mixtures. (This aspect of the study is discussed in
more detail in Section 6.3.3 and Appendix 8.5.)
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TASLE 6.10. SUMMARY OF LARGE SCALE LEACH IES}LORK

lest Designation 3 Extracted

Fe Cu 10 Nt Cr cd .\
Sequential Test: Series Four 62.3 75.9 83.8 82.4 . . .
15.9 kg (35 1bs.) sludge 8.5 %00 %.3
Sequential Test: Series Five 92.0 93.7 95.1 ., 95.9 98.5 93.0 96.9
$0.4 kg ‘111 1bs.) sludge
Sequential Test: Serfes Six 65.0 92.0 96.9 92.1 92.3 100.0 90.6

22.7 kg (50 1bs.) sludge

NOTES: Standard nsso leach conditions used for each test except sequentfal test series five,
6-

Tables 8.1 .127 for detailed results.




6.3.1.3. Llarge Scale Leach (Phase II)

The large scale leach on Fhase 1l material was conducted in the same
manner as in Phase I. The resulting ieach solutions were high chromium, nickel
tearing solutions, Table 6.11. these solutions were then doped (after soiids
removal) to achieve desired iron, copper and zinc contents for subsequent
testwork.

The leach solias were removed from the solution using the filter press.
Poor filterability of the leach residue was overcome by use of Udylite Oxyfia
985 filter aid. Filter rates comparable to jarosite filtration was achieved hy
use of 9.2 grams of filter aid per square decimeter of filter arca. Detailed
experiméntal ddta and discussion of results are presented in Appendix Section
8.5.

6.3.2. lIron Removal
6.3.2.1. Iron Removal from High lron Bearing Solutions

Iron must be removed early in the treatment sequence because of its
coextraction and therefore contamination of subsequent met.1 separations.
However, alternates do exist as to «here in the treatment segqience 1t is
removed, e.9., iran can be removed prior to any other metal ion by jarosite
precipitation from an acid solution or iron can be removed after copper
extraction because the commercial reagents avaiiadle for copper extraction are
highly selective for copper over iron. The advantage of removing iron by
jarosite precipitation prior to conper extraction is that the jarosite
precipitation conditions appear to significantly improve the copper solvent
extraction process phase separations. Shake tests for copper extraction (using
conmercial reagents) applied to untreated leach solutions proguce system muck
that hinders the separation of the organic and aqueous phases. However, shake
tests (and large scale tests also) show mucn improvea pnase separation, after
iron removal, ¢.e., the high temperature jarosite precipitation process
produces a leach solution much simpier to treat for copper extraction.
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TASLE 6.1). EXAMPLE LEACH SOLUTION COMPOSITIONS FOR PHASE 11 MATERIALS

Sample No. Concentration (gpl)

_Cu _Ffe In Cr Ni Al ca P
3208 - 1.728 2.425 6.471 2.502 0.029 0.702 -
3255 - .61} 2.231 5.470 2.547 0.035 0.6% -
3459 2.750 3.899 - 1.987 5.847 0.207 0.3)7 0.572
3482 3.130 4.068 0.131 2.084 6.260 0.248 0.330 0.656
3542 2.600 4.237 0.300 2.238 6.8'5 0.353 0.369 0.627
3606 1,035 3.516 0.126 1.907 65.727 0.362 0.322 -
3619 2.085 3.117 0.099 1.725 5.019 0.354 0.303 -
3670 2.225 3.028 0.105 1.693 5.046 0.373 0.276 -

Nntes: Standard Conditions: One-half hour leach; 40-55°; sludge/liquid = 0.8;
acid content equal to weight of solid in sludge.



Iron can be removed by other alternate treatment processes. 3Such
alternatives are discussed in Sections 8.3.2 and 8.3.4. The emphasis of this
study was placed on removing iron, prior to any other metal, by selectire
precipitation as a jarosite compound. The detailed experimental results are
presented in Section 8.3.1. Jarosite precipitation is a rather widely used
commercial means of rejecting iron from an acid leach solution(6'7).

There are presently 16 commercial 2inc plants using a jarosite
precipitation process(l's). A1l of these plants use either sodium or ammonium
as the alkali ions. Potassium is used in several industrial treatment
flowsheets; usually for those flowshects that deal with the recovery of a high
value product such as copper(s’g) and cobalt(xo).

The extent of iron removal from a solution is system dependent. However,
some generalities can be stated that assist in the design of an appropriate
iron remcval system, i.e., Dutrizac(l) has recently reviewed and summarized a
great deal of literature on jarosite precipitation studies. The results of a
portion of his review on the conditions affecting the precipitation of jarosite
family compcunds is paraphrased below:

*Sodium, Potassium and Ammonium Jarosites

Jarosites for each alkali cation exist and can be readily formed.
Most research has been performed on sodium and amronium jarosites
bacause of the lower reagent cost. A substantial body of research
information exists for the jarosite families.

Temperature

Jarosites can be formed at room tamperature but the rate of
formation is very slow, e.g., potassium jarosite was formed at 25°¢C
in a pH range of 0.82-1.72 but required four wseks to six months.
Jarosite precipitation is quite rapid above 80°C._ Commercially
useful rates require temperatures greater than 90 C and sodium and
ammonium require higher temperatures than potassium.

f-L

Solution pH.is very important in the jarosite precipitation process,
i.e., the precipitation reactions produce acid and if the pH is not
controlled the reaction is stopped. For axample the jarosite
precipitation reaction produces one mole of acid for each mole of
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Fe*3 precipitated. Outrizac presented the results of Babcan(ll) for
the pH-temperature stability of potassium Jarosite, Figure 6.4. The
pH range at which jarosite forms dscreases in maximum value as the
temperature is raised, i.e., at 20°C the range is 2-3, at 100°C it
is 1-2.3. The present work was conducted in the range of 88-92°C at
pH values of 2-2.7. A summary of the research results of severg]
workers seems to suggest that the ideal range is 1.5-1.6 at 100°C.
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Figure 6.4. Stability field for potassium jarosite formation (hatched
area) as a function o¥ pH and temperature for jarosite
formation from 0.5 M Fe2(504)3 solutions at 20-200°C.

The critical pH at 90°C at which the crystallizing jarosite(lz)
(excellent filtering) transforms to an amorphous form (poor
filtering) is
PH = 0.21 log [Fe*3] + 1.84 (0 grams per liter zinc)
pH = 0.21 log [Fe*3J +1.80 (100-grams per liter zinc)
where [Fe*3] = grams per liter
“Alkali Concentration
The removal of Fe*3 appears to be essentially independent of alkali

concentration. Slight excess stoichiometric amounts seem
appropriate.

*Iron Concentration

Jarosites are ;gadily precipitated from solutions containigg
0.025-3.0 M Fe ~ (1.3-167.4 gpl). The lower limit for Fe
concentration appears to be about 0.001 M ( S0 ppm).
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‘Order of Stability

The extent of iron precipitation is 1n the order K > NH, ~Na.
Therefore, lower solution iron contents ma¥23e expected using K
1ons. The free energy of tformation values for the jarosites .
are: -788.6 Kcal/mole, -778.4 Kcal/mole, -736.2 Kcal/mole for K,
Na ', NH4 respectively.

*lonic Strength

Studies on formation of potassium jarosites from high jonic
strength solutions show no appreciable effect.

*Seeding

The precipitation process is dependent on the presence of a seed.
Most investigators suggest approximately 100 gpl seed. Recycling
of seed is recommended so that large crystalline jarosite particles
form in order to enhance the settling or filtration rate. In the
gresent project the leach residue serves the function of a seed
nucleation site.

*Final Iron Content Achievable

Industrially the jarosite process :S used to decrease the iron
content from very high levels to 1-2 gp!.o The equilibriun
relationship for ammonium jarositflés 100°C shows that very low
fron content should be achievable :

+3
CFe™™] . 0.004 (gp1)
[H,50,]

Plant practice shows equilibrium is not truly attained(lz) and the
relationship 1s:

+3
(Fe ™) . 0.01 (gp1)
[4,50,]

Therefore, low iron concggtration is possible, e.g., at pH = 1 the [HZSO4]
= 4.9 gpl and [Fe ~] = 0.049 gpl or < 50 ppm.

The iron level achieved in the final solution depends on time, pH,
temperature, and alkali ion used. The iron contents achieved in
this study for large scale testwork usually was in the range of a
few hunared qg/liter for the conditions: pH = 1.8-2.5, temperature
= 88-92°C, K alkaline ion, time 5-6 hours. Iron contents in the



range of 200-500 mg/liter are considered appropriately low for
subsequent zinc solvent extraction.

‘Impurity Behavior

The partiticning of impurities to the jarosite product has been
considered. The following generalities are noted. The extent of
1ncorporation of impurities in the jarosite solid product
increases:

‘with increasing M SO4 corncentration in solution
‘with increasing pH

‘with increasing alkali concentration in solution

3

‘with decreasing Fe* concentration in solution

*K jarosite > Na jarositen NH4 jarosite.

3 +2

The gﬁder o;zc:taggzmetal’Encorporation appears to be Fe'3 5> cu

> In > Co >Cd ~.

A table describing the partitioning of impurities(ia) between
potassium jarosite and the solution is presented in Table 6.12.
The X value is defined by the ratio:

weight percent in jarosite
concentration of. impurity in solution (g/100 cc)

Saarinen(14) investigated the incorporation of Cr*s. Co+Z and Ni+z from

soluticns (the concentration levels not given) into sodium jarosite. His
results showed incarporation to be low: 0.3-1.4 wt. % Ni+z; 0.5-1.4 wt. %

co*?; and 0.6-1.6 wt. % Cr

+3 at 90°C in the pH range 1-2.

Some anions also are incorporated into the jarosite structure. Chromate

may substitute completely for sulfate in jarosite compounas(3,4,15). Some
anions co-precipitate with rather than incorporate.in the jarosite structure.
Dutrizac(l) has summarized the results of a number of studies dealing with

anion behavior during jarosite precipitation. A portion of his results are
presentad in Table §.13.
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TABLE 6.712. RELATIVE PARTITIONING OF SOME IMPURITIES BETWEEN
POTASSIUM JAROSITE AND THE SOLUTION PHASE (13)

Impurity Initial Concentration (g/100cc) K

n*2 3.2 - 16.3 0.20 - 0.08

Cd*2 0.056 - 1.2 0.02

Cu*2 0.32 - 1.60 1.0 - 0.56

Mg+2 0.78 - 1.65 0.013 - 0.006

Ni+2 0.0015 0.7

A+3 0.63 - 1.4 4 -1.3

TABLE 6.13. BEHAVIOR OF SOME ANIONS DURING JAROSITE PRECIPITATION (1)

Ionic Specie

Cr04’2

Mn04'

sitd

Sn03'2
M0°4-2

(>0.05 M)
(<0.03 M)

(>0.05 M)

(>0.03 M)

( 0.25-0.1 M)
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Precipitacion Behavior

Substitutes for Sulfats in jarosite
structure, KFeg (Cr0,7¢),(0H)g

Precipitates with ferric ion as
poorly crystalline (Mn, Fe)0p

Precipitates with jarosite as poorly
crystalline (Mn, Fe)O2

Forms silica gel at 97°C
Does not precipitate
Hydrolyzes to amorphous (Sn, Fe)0,

Precipitates with ferric ion as
Fep(Mo0s)3



Gordon and Steintvei:(s) have reviewed possible jarosite disposal
techniques. A good deal of effort has been expsnded to determine appropriate
disposal techniques because jarosites in most cases have sufficient heavy metal
fon content to requira use of impermeable membrane lined storage areas.
ireatment processes investigated include: )

‘Sulfation roasting to solubilize heavy metal salts and to produce
pure iron oxide(16).

*Thermal decomposition and production of iron oxide(17-21).

*Hydrothermal decomposition to form iron oxide and recover soluble
salts(22,23).

*Electric furnace smelting(24).
“Fertilizer(25), especially NH, and K jarosites.

‘Fillers in asphalt or as an iron source in cement(26).

The results of the present study confirm the impoundment or burial of the
Jarosite product after thermal or air drying would be necessary. The EP test
shows that the leach residue-jarosite product does release sume heavy metals;
Table 6.14. The quantity of leach residue-jarosita solid material pruduced
by a waste *reatment plant would, of course, be very dependent on the incoming
iron content. The sludges studies in the first phase of this work were high
in iron, 10-15 Wt. % of the solids. Much of the nation's mixed metal sludges
are, however, not high, in iron; usually less than 2 wt. % of the solids. The
sludges studied in the second phase of the present work were low in irun,
<4 wt. 7.

Even if the leach residue-jarosite solids were cunsidered hazardous, the
quantity of material to be disposed of would be considerably less than the
starting sludge material; e.g., the low iron sludges (<2 wt. % Fe) would produce
appruximately 0.02 gm jarusite sulid/gm sludge (40 pounds/tun sludge); the high
fron studges (15 wt. % Fe) wuuld produce appruximately 0.15 gm jarusite solid/gm
sludge (300 pounds/ton sludge).
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TADLE 6.14. %ls’ TOXICITY PROCEDURE APPLIED YO LEACH RESIOUE-JAROSITE SOLIDS PRODUCED FROM FULL SCALE (50.4 kg)
EST.

Sanple E.P. Leach Procedure Results (mg/1)

Cu Fe In Cr Ni Cd Al Pb Ca _ P
2612 21.5 0.17 7.94 0.33 2.35 0.03 Q.01 0.27 19.2 13.0
2613 21.5 0.12 8.99 6.3} 2.58 0.03 0.01 0.23 18.4 13.7
2614 21,5 o.M 8.55 0.29 2.60 0.03 0.00 0.3 18.9 13.8
2615 21.4 0.25 9.79 0.28 2.41 0.09 0.01 0.24 21.4 12.1
2616 21.3 0.16 9.5 0.24 2.3) 0.04 0.01 0.15 20.9 10.9
2617 2.3 0.24 9.16 0.26 2.23 0.04 0.01 0.19 20.9 10.7
INntes: . Tests performed according to EPA designated EP Toxicity testizn .

. Starting Leach residue-jarosite coxposition (3): Fe Cu IZn Cr Nl Cd Al Pb Ca P
9.3 2.8 2.713.20 1.20 0.10 1.70 0.10 0.23 3.19

. Lorge scale test performed on Barrel 18 sludge.
. EPA designated concentration of contaminants for characteristic toxicity (mg/1): €d Cr Pb
1.0 5.0 5.0



6.3.2.2. Iron Removal from Low [ron Bearing Solutions

Iron removal from lTow iron bearing snlutions is difficult by jarosite
precipitation. An alternative method of ~emoval, by solvent extraction, was
investigated. This unit operation depicted in the low iron flowsheet, Figure
6.3, follows copper solvent extraction whereas jarosite precipitation'used on
the high iron solution is conducted priar to Eopper solvent extraction.

ihe removal of iron from solutions containing a few grams per liter iron
by solvent extraction using DZEHPA-kerosene mixtures was experimentally
investigated during the Phase Il study. The envisioned advantages included:
no 1o0ss of chronium during jarosite p-recipitation because of the removal of
this uniz operation and the geaeration of a smaller quantity of dispcsable
solid residue.

. DZEHPA reagent has a selectivity for metal cations that is a strong
function of pH, Figures 8.10a and 8.10b. At low pH levels iron is selectively
extracted from an aqueous phase into the organic phase. A portion of the zinc
jc¢ coextracted with the iron a.L a pH of about cne but this can be effectively
recovered selectively from the organic phase by sulfuric acid (200 gpl)
stripping. Ferric ions are strongly bound within the organic phase and are not
stripped easily. Sulfuric acid (at 200 gpl) will not strip the iron.
Hydrochloric acid (4-5 N) will strip the ferric ions.

Experimental studies show excellent iron removal from leach solutions,
e.g., iron contents were consistently lowered to <50'ppm. Other metal cations,
except for zinc, are not co-extracted (Ni’z. Cr’3). The process looks
favorable except for the fact that large quantities of hydrochloric acid is
consumed. Therefore, recovery of hydrochloric acid would be required. Thare
is one commercial operation that uses DZEHPA loading and hydrochloric acid
stripping with recovery of HCl by solvent extraction with Amberlite LA-2

(31)
(R yNH,C1) .

Detailed experimental data and discussion of results for the solvent
extraction of iron are presented in Appendix Section 8.5.
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6.3.3. Solid/Liquid Separation

The separztion of leach residue-jarosite solids from the solution phase is
very effectively accomplished by settling and filtration. The major advantage
of the jarosite process is the rapid filtration rate achievable. Industrial
rates in the range 4,540-13,620 kgm residue/mz'day 15-15 tons residue mz'day)
are aciieved!?). '

A description of the large scale filter press is presented in Section 8.4.
The procedure used for solids separation was to leach the slidge, precipitate
the jarosite into the leach re-idue, pump the slurry to a storage settler,
allow the jarosite residue to settle, pump most of the sclution off the settled
solids, then to filter the remaining slurry through the filter press. The
filter press has several unique features that allow the user to exercise a
variety of operating-cake treatment options, e.g., top or side cake washing,
cake compression, cake drying. Tests were not conducted to determine the best
set of conditions for cake clean-up and recovery during the Phase I study
because of the limited number of large scale tests performed. Even without
optimizing the operating paramete,s cakes containing only thirty percent
moisture were produced.

The operation of the filter press is straight forward and major problems
were not encountered in the present study. It should be noted, however, that a
coarse screen must be mounted to cover the slurry pump inlet hose to prevent
small pieces of wood, glass, pebbles, etc., from entering the diaphragm pump.

6.3.4. Copper Solvent Extraction

Commercial copper solvent extraction processes are described in detail in
a recent publication(zs). The Handbook of Solvent Extraction (1983). A
significant portion of the World's copper is produced by solvent extraction,
e.g., world copper production capacity by SX is over 500,000 tons/year. The
technology is, therefore, well developed.
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. Several reagents are used commercially but all belong to the hydroxyoximes
family: A comparative summary of the three major reagents is presented in
Table 6.15.

TABLE 6.15. COPPER SOLVENT EXTRACTION COMMERCIAL REAGENTSrzg)

Trade Name Composition Comments
LIX 64N 2-Hydroxy-5-nony! Standard Reageat for
(Henkel Corp.) benzophenone oxime low copper bearing
(LIX-65N) plus 5,8- sulfate aqueous solutions;
Diethyl-7-hydroxy-6- usually applied to solu-
dodecanone oxime tions with <2 gpl Cu
P 5100 Substituted salicyl Strong chelating agent.
(Acorga, Ltd.) aldoxime plus egual Useful fcr high copper
amount of nonyl phenol bearing sulfate solutions
LIX-622 Not reported in Strong chelating acent.
(Henkel Corp.) literature Useful for high copper

bearing sulfate solutions.
Requires high (180-200
gpl) acid for stripping

Commercial copper solvent extraction has been applied primarily to dump
and heap leach operations. Very little study has been devoted to its use on
complex metal bearing solutions. The dump and heap leach processes are
primarily iron and copper bearing sul!furic acid solutions whereas the sludge

leach solutions contain copper, iron, nickel, zinc, chromium and sometimes
aluminum, calcium and cadmium. It was, therefore, of interest and necessary to

investigate whether SX would be selective toward cupper over the other metal
jon constitutents. The equilibrium distribution diagram(ao) shows (Figure 6.5)
that a pH can be selected at which copper should be extracted in preference to
the other metals present.

The experimental procedure usad in solvent extraction testwork is

presented in Section 5.2.1. Small-scale shake tests were performed to
determine appropriate experimental conditions for subsequent small-scale
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Figure 6.5. Equilibrium distribution diagram for LIX 64N.

(From Kordosky(29))
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continius testwork and ultimately full-scale contirugus testwork. The
detailed experimental resu'ts are-presented in Section 8.6, 8.8, and S.13.

Small-scale testwork showed good selectivity and excellent phase
separation in accordance with quoted literature conditions. Testwork was
performed using LIX-64N , LIX-622, and ACORGA 5100. All appear appropriate for
application to sludge leach solutions. Small-scale continucus testwork was
performed using LIX-64N and LIX-622. LIX-622 was chosen for large-scale
continuous testwork because of its high copper loading capabilities, its
insensitivity (. Jood phase separation) to system temperature, and its fast
loading and stripping capabilities.

Small scale continuous testwork on high iron containing solutions (>15 gpl
Fe) showed a muck (see list of definitions, p. xxvi of this report) formation
prodlem especially when aged (several weeks) sclutions were used. Therefore,
most of the subsequent rescarch was performed on jarosite& solutions. The
Jarosited solutiuns even when aged did not show a muck formation problem.

Large-scale testwork was performed in a Retster testrack (describea and
shown schematically in Section 5.2.1.2. and pictorally in Section 8.18). The
experimental results for Phase I testwork for five large scale sequential tests
are presented in Section 8.13. The test results for a five-day large scale
test conducted during Phase [l are presented in Section 8.6.2. An eleven day
continuous copper extraction and organic degradation test study was conducted
and the resulits are presented in Section 8.6.3. The copper extraction resuslits
for all the testwork are summarized n Tables 6.16 and 6.17. Degradation test
studies were conducted in the large scale test system and {a the bell
Engineering testrack. The importanrt considerations with request to organic
reagent degradation are: the amount of aqueous phase that contacts the
organic, effect of mixer action on stability or organic reagent to oxidation;
and the effectiveness of the organic to function well over a large number of
load/strip cycles.
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TABLE 6.16. SUMMARY CF LARGE SCALE TESTS ON SOLVENT EXTRACTION OF
COPPER WITH LIX 622
Sample No. Condition Coppar Extraction From Leach Solutfon

Percent Copper Content in Solution

Initial (gpl) Final (gpi)

Sequential Series One (Table 8.u6)

1528 Raffinate From 98.9 1.37 0.017
Contact. (40 11t.) - I
Senyntial Series Two (Table 8.88)
1816 Raffinate Frem 94.4 0.3 0.022
Centact. (60 1it.)
Seavential Sertes Three (Table 8.83)
2005 Raffinate From 98.0 2.32 0.047
Contact.{20 1it.)
Sequential Seriss Four (Teble 8.90)
2146 Raffinate From 96.9 3.89 0.120
Contact. (90 11t.) — -
Sequertial Series Five (Table 8.91)
2146 Raffinate Fror 93.0 3.05 0.030
Contecct. (160 11t.) I ——
Note: Datailed results presented in Section 8.13.
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TABLE 6.17. SUMMARY Of CONTIKUOUS COPPER EXTRACTION: ELEVEM DAY LOKG VERM ORGANIC
EXPOSURE TEST RESULTS.

Sample Mo. Condition Copper Extraction From Leach Solution

Copper Concentration (gpl) Copper Extracted (.)

lnitial final

3458 Starting Solution 2.750 .
3474 First Day Raffinate 0.054 98.0 .
3482 Starting Solution 3.130 '
3493 Secund Day Raff. 0.062 98.0

35C1-B Starting Solution 2.697

3509 Third Day Raff. 0.106 96.1

3519 Starting Sotution 3.332 !
3533 Fourth Day Raff. 0.083 9/.4 ,
3542 Starting Solution 2.6G0 ’ .
3548 Fifta Day Raff. 0.039 98.5

3552 Starting Solution 0.835

3567 Sixth Day Raff. 0.056 93.3

3506 Starting Solution 1.035

3613 Seventh Day Raff, 0.033 96.9

3619 Starting Solution 2.045

3631 Eight Day Raff, 0.027 98.7

{Continued)
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TABLL 6.17. CONTINUED

Sample Ho. Condition Copper Extractior From Leach Solution

Copper Concentration (gpl) Copper Extracted (%)

_Initial Final
3639 Starting Solution 1.812
3643 Ninth Day Raff. 0.073 97.0
3657 Starting Solution 2.026
3664 Tenth Day Raff. 0.043 96.0
3670 Starting Solution 2.225
3703 Eleventh Day Raff. 0.099 97.8

Note: . Test conditions detailed in Table g.gl.




There was no apparent effect of contiuuous exposure of the recycled
organic phase in the large scale system over 8 hours of cumulative exposure,
Table 6.18; 14 1/2 liters of organic were exposed (two stages of load, two
stages of strip) to 274 liters of aqueous leach solut‘on. Therefore, the
aqueous/organic contact ratio was 18.5. )

A second series of continuous exposure tests was performed in the Bell
Engineering testrack. There was no apparent effect of continuous exposure over
112.8 hours of cumulative exposure, Tables 6.19, 6.20. Three and eight-tenths
liters o} organic were exposed (three stages of load, two stages of strip) to
341.5 liters of aqueous leach solutian. Therefore, the aqueous/organic contact
ratio was 88 (approximately 226 load/strip cycles).

Detailed experimental results and further discussion are presented in
Anpendix Section 8.8.1.

6.3.5. Zinc Solvent Extraction

Commercial application of solvent extraction for zinc recovery is limited.
However, for the treatment of solutions containing a mixture of zinc, chromium,
and nickel the alternatives are few. The only large scale commercial
application of zinc solvent extraction at present is in Spain; Technical
Reunidos uses such a process at ics Bilbao plant for the production of 8,000
tons/yr. of zinc. (Thorsen(31) discusses the commercial operation at Bilbao.)

The commercial reagent available for extraction of zinc (and cadmium) from
acid solutions is the organo phosphoric acid; diethylhexylphosphoric acid
(DZEHPA). The equilibrium distribution diagram(3°) illustrating zinc and other
metal extraction as a function of pH is presented in Section 8.7. Zinc can be
selectively extracted from an acid solution of pH~2 in the presence of
chromium and nickel. Aluminum and calcium are not presentud on the referenced
distribution diagram. However, if these ions are present in the leach solution
they will be partially co-extracted. Conditions can, in fact, be Chosen so
that zinc, aluminum and calcium are completely coextracted.
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TABLE 6.18. LIX 622 ORGANIC EXPOSED IN LARGE SCALE TESTRACK FOR FIVE DAY TEST PERIOD.

Sample No. Organic Exposure Contacts Copper Concentration in Aqueous Phase {gpl)
___To Aqueous Phase

System Organic  New Organic

»2n Starting Aqueous Solution, 3.12 gpl Cu
First Day

3286 65 liters First 0.06

3287 . " Second 0.0}

3288 None First 0.12

3289 " Sccond < 0.01
Second Day

3307 141 liters First 0.08

3328 " " Second 0.01

3309 None First 0.07

o " Second < 0.00
Third Da

3339 209 liters First 0.10

3340 - » Second 0.02

33 None First 0.09

3342 . Second < 0.01
Fourth Da

3361 274 \iters First 0.13

3362 " " Second 0.0

37 None First 0.08

3372 None Second < 0.00
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TABLE 6.18. CORTINUED

Sample No. Organic fxp .re Contacts Copper Concentation in Aqueous Phase (gpl)
To Aqueous | .se
System Organic New Organic
Fifth Day
» 347 liters First 0.08
. . Second 0.00
Notes: ., 15v/o0 LIX 622 in Kermac 4708 Kerosene,

100cc of used organic stripped twice with 100cc clean 200 gpl H2503.

Stripped system organic contacted with 100cc of No. 3271 aquecus at initfal pH =1.54,
7 minutes, 259C.

New organic treated same as system organic but not exposed to leach solution before
test,

New orgamic treated with 30 gpl Cu, 200 gp) 112504 befure use.
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TABLE 6.19. LIX 622 LONG TERM EXPOSURE DEGRADATION TEST SUMMARY

Sample No. Organic Exposure Contacts Copper Concentration in Aqueous Phase (gpl)
To Aqueous Phase

~System Organic New Organic

Starting Aqueous Solution, 3.112 gpl Cu

First Day

3470 46.5 liters First 0.06}

34729 - - Second 0.008

3480 None First 0.121

348) . Second 0.006
Second Day

3495 86.5 liters First ’ 0.103

3496 » . Second 0.027

3497 None First 0.03)

3498 . Second 0.000
Third Day

3514 125.5 liters First 0.114

3515 * Second 0.016

3516 None First 0.035

3517 " Second 0.016
Fourth Day

3536 161.5 liters First 0.109

3537 " . Second 0.019

B0 - Yone First 0.028

k| "

Second 0.00)



VABLE 6.19. CONTINUED

Sample No. Organic Exposure Contacts Copper Concentration in Aqueous Phase (gpl)
To Aqueous Phase
System Orqanic New Organic

First Day

3550 187.0 Viters First 0.001

3551 None First 0.040
Sixth Day

3615 206.5 liters first 0.036

3616 - . Second 0.008

3617 None First 0.006

3618 - Second 0.007
Seventh Day

3635 241.0 liters First c.12

3636 - - Second 0.022

3637 None First 0.023

3630 " Second 0.007
Eighth Day

3647 275.5 liters First 0.258

3648 ° - Second 0.023

3649 None First 0.053

3650 - Second 0.004
Ninth Day

3665 287.5 Viters First 0.120

3666 . . Second 0.000

1667 rlone First 0.015

3668 - Second 0.020
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TABLE 6.19. CONTINUED

Notes:

Conditions for each days exposure given in Table 8.82.

Degradation test conditions: 50cc system organic stripped twice (0/A =1)
with unused 200 gpl HpS04; stripped organic contacted with copper stock
solution, pM = 1.36 for first four tests, pH = 2.0 for last five tests; a
second system organic sample contacted same stock solution, 1.e., stock
solution was contacted twice with two used organic samples, stock pH not
adjusted between contacts.

Unused organic same as system organ.~, 15 %X LIX 622, contacted with a 30
gpl Cu, 200 gpl 1550, solution, then contected with stock solution as
described above far system organic.
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FABLE 6.20. LIX €22 LONG TERM EXPOSURE DEGRADATION TEST SUMMARY:
LOADINS.

Sample No. Organic Exposure Contacts Loading, gpl/% LIX 622
To Aqueous Phase

System Orqganic New Organic

Stock Aqueous Solution, 3.112 gpt Cu, 3.958 gpl Fe, 0.122 gpl In,
2.014 gpl Cr, 6.06) gpl Hi, 0.287 gpl Al, 0.319 gpl Ca

First Day

3478 46.5 liters Aqueous  First 0.203

337 * " Second 0.004

3480 None First 0.199

3481 . Second 0.008
Second Day

3495 86.5 liters First 0.200

3496 - . Second 0.005

19 Hone First 0.208

3396 ° - Second 0.014
Yhird Da

514 125.5 liters First 0.200

3515 . Second 0.006

3516 Hone First 0.205

351? - Second 0.001
Fourth Day

3536 161.5 liters First 0.200

3537 . Second 0.006

3540 None First 0.206

3541 . Secend 0.002
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TABLE 6.20. CONTINUED

Sample No. Organic Exposure Contacts Loading, gpl/% LIX 622

To Aqueous Phase
System Organic New Organic

Fifth Da

3550 187.0 liters First 0.207

3551 None First 0.205
Sixth Day

3615 206.5 First 0.205

3616 ® Second 0.002

3617 None First 0.207

3618 . Second -
Seventh Day

3635 241.0 liters First 0.200

3636 . Second 0.006

3637 None First 0.206

3638 . Second 0.001
Elghth Daz

3647 275.5 liters First 0.190

3648 . Second 0.016

3649 None First 0.204

3650 " Second 0.003
Ninth Day

3665 287.5 liters First 0.199

3666 e Second >0.013

3667 None First 0.206

3668 . Second -

Note: . Conditions for each days exposure presented in Table g.83.



The leach solutions investigated in the curcrent study contained zinc (5-6

gpl1), aluminum (2-3 gpl) and small amounts of cadmium (0.2-0.3 gpl), calcium
{0.5 gpl) and iron (0.2-0.5 gpl). The results of detailed experimental studies
are presented and discussed in Section 8.7; large scale Phase I testwork {zinc
removal after jarosite treatment and Cu SX) is presented in Section 8.13.
Large scale and continuous Phase Il testwork results (iron removal by SX rather
than by jarosite precipitation) are presented in Section 8.4. The experimental
procedure is described in Section 5.2.2 and the large scale equipment is shown
schematically in Section 5.2.2.2, and pictorally in Section 8.14.2.

6.3.5.1. Large Scale Zinc Solvent Extraction (Fhase I)

The results of large scale Phase | testwork are summarized in Table 6.21.
Zinc can be ffectively extracted by DZEHPA. An apparent upper limit on the
zinc content in the leach solution is 5-6 gpl using a forty volume percent
DZEHPA reagent mixture. Seven cells are required to accomplish effective zinc
recovery from the leach solution; four stages of contact; three stages of
strip. Solution pH adjustment is required after the first two contacts in
order to ensure zinc removal to <70 mg/1.
Iron (Fe+3) is coextracted by DZEHPA. It is not stripped by sulfuric acid
and, therefore, occupies extractant sites in the organic phase. Iron must be
removed from the organic or else it will blind up all the sites over a period
of time. Iron can be stripped from the organic phase by 4-6 N hydrochloric
acid. Therefore, the proposed treatment process consists of: extraction of

2inc, residual iron, calcium and altuminum frca the leach solution in four
stages of pH controlled contact; strip of the zinc from the organic by 200 gpl

HZSO4 in three stages of contact; removal of an appropriate amount of bleed
solution from the sulfuric acid stripped organic; strip the bleed organic phase
with 4-6N HCl to remove the Fe+3 and Al’3; recycle the bleed organic back to
the system organic phase going into the extraction stages. If calcium is
present in the leach solution it will be extracted with the zinc and
subsequently will be stripped by sulfuric acid in the strip cells. It forms

gypsum solid that can be continuously filtered from the aqueous strip phase.
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TABLE 6.2V. SUMMARY OF LARGE SCALE TESTS ON SOLVENT EXTRACTION OF
2INC WITH DZEHPA

Sample No. Condition Zinc Extraction From leach Solution

’ Percent 2inc fontent in Solution

fattial (gpl) Final (gpl)
Sequential Serfes One (Table 8.86)

1532 Rafffnate From 80.5 5.14 1.00
Contact. {25 iit.)

Sequent!a) Series Three (Table 8.89)

2109 Raffinate From  97.4 $.70 0.15
- Contact. (20 1it.)
Sequential Series Four (Table 8.90)
2181 Raffinate From 97.8 5.89 0.13
C:ntact. (50 14t.)
2256 Raffinate From 98.8 4.94 0.060
Contact. (90 1it.)
Sequential Series Five (Table 8.91)
25268 Raffinate From 98.9 6.20 ¢.070

Contact. (160 11t.)

Note: . Detailed results presented in Section §.13.
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linc solvent extraction appears appropriace for selectively removing zinc from
a chromium and nickel bearing solution; and for eliminating calcium, iron and
aluminum from the leach solution.

6.3.5.2. 2inc Solvent Extraction (Phase II)

As noted previously the major difference in flcwsheet testing between
Phase I and Phase Il was that iron was removed in Phase | testwork by jarosite
pracipitation with residual fron removal concurrent with zinc solvent
extraction., Whereas iron (present at much lower concentrations) was removed in
Phase II testwork by solvent extraction.

The results of large scale Phase Il testwork are summarized in Tanle 6.22.
The continuous testwork tu determine reagent loss rates and potential
degradation of reagent are summarized in Table 6.23.

The large scale tastwork was conducted in a series of ten cells; one cell
for preferentially loading iron; one cell for stripping zinc from the iron
loaded organic; three cells for stripping iron 12aded organic; three cells for
zinc loading; and two cells for stripping zinc loaded organic. Zinc is
effectively extracted from the aqueous leach phase, i.2., 2inc concentrations
1n theé aqueous pnase can be lowered tc below 50 ppm without appreciable
coextraction of chromium or nickel.

Initially a problem with crud formation was experienced in the iron
extraction cell. (This problem is discussed in greater detail in Section
8.4.3.) The solution to the problem was to use a kercsene solvent containing a
lowaer aromatic constituent content. A switch from use of KERMAC 4708 to KERMAC
510 solved the crud problem.

Organic loss by carryout from the load circuit 1nto the final raffirate
was measured by periodically collecting a liter of raffinate in a graduatea
cylinder, allowing the orgaaic phase to separate, then measuring the volume of
organic per liter of raffinate. The carryout rate ranged from 0.25 cc/1 to
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TARLE 6.22. SUMMARY OF LARGE SCALE TESTS CN SOLVENT XTRACTION OF ZINC
AND IRON WITH DEWPA (PMASE 1)

Semple Ko. Comdition fExtrected From Leach Solution

Content 1n Zolution Percent

Init:al(gpl) Final(gpl)

In fe in Fe n Fe

FIRST DAY,75 lit.

3281-8 First Ccll Feed 1.815 1.164
3284 Raffinate —— T 0.014 ©b.L. 99.2 100.0

-SECOND DAY,75 11t.

3351 First Cell Feed 2.298 1.532
3328 Raffinate - 0.026 0.040 98.7 97.4

THIRD DAY,75 lit,

3351 First Cell Feed 2.220 1.69)
3367 Raffinate — T 0.0a3 9.010 938.1 99.5

FOURTH DAY,75 lit.

3814 First Cell Feed 2.436 2.362
3454 Raffinate - 0.061 0.053 97.5 97.8

Notes: . Test condgitions presented in Table §.48.
. Letavled results presented 1n Table 9.49.
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TABLE 6.23.

SUMMARY OF LONG TERM CONTINUQUS TESTWORK: ZINC AND [RON

REMOYAL
Sample Nc. Cordition Extracted From Leach Solution
Content in Solution Percent
Initial(gpl) Final(gpl)
an Fe an Fe n Fe

FIRST DAY, 19 Int.

3748 First Ceil Feed 1.828 2.023

3787 Final Raffinate 0.080 0.498* 95.6 75.4
SECOND DAY,19 Iit. '

3805 First Cell Feed 0.354 2.276

3835 Final Raffinate 0.094 0.070 73.4 96.9
THIRD DAY, 19 Vit.

3846 First Cell Feed 2.207 2.74c

3863 Final Raffinate 0.035 0.027 98.3 99.0
FOURTH DAY, 19 1it.

3881 fFirst Cell Feed 2.128 2.035

3308 Final Raffinate 0.046 0.319* 98.5 84.3
FIFTH DAY, 19 lit.

3926 First Cell Feed 1.999 2.218

3944 Final Raffinate 0.031 0.022 98.4 99.0
SIXTH DAY, 19 Iat.

3953 First Cell Feed 2.162 2.127

3969 Final Raffinate 0.050 0.238* 97.7 88.8
SEVENTH DAY, 19 lit.

3992 First Cell Feed 2.084 2.299 -

4022. Final Raffinate 0.066 0.051 36.8 97.8
EIGHTH DAY, 19 lit.

4057 First Cell Feed 1.067 0.582

4054 Final Raffinate 0.043 0.028 96.0  95.2
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TABLE 6.23. CONTINUED

Notes: . * Iron not completely oxidized.
. Test conditions presented in Table 8.54.
. Detaiied resylts presented in Table g, 53,
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0.54 cc/1. These numbers are very dependent on system characteristics.
Commercially entrainments range up to several hundred mg/1.

A series of continuous exposure tests were conducted to provide long term
degradation data. These tests were conducted 1n the Bell Engineering testrack,

There was no apparent effect of continuous exposure over 38 hours of cumulative
exposure, Table 6.24; approximately seven and one-half liters of organic was
exposed (one stage of low pH iron loading, three stages of higher pH zinc
loading, three stages of zinc stripping, three stages of iron stripping) to 150
liters of aqueous leach solution. Therefore, the aqueous/organic contact ratio
was 20 (approximately S8 load/strip cycles).

Detailed experimental results and further discussion are presented in
Appendix -Section 8.8.2.

6.3.6. Chromium Oxidation

Selective removal of chromium from a mixed metal solution containing iron,
copper, zinc, nickel, aluminum does not appear possible without conversion to
an oxidized anionic form. To accomplish the oxidation of Cr+3 requires a
strongly oxidizing environment. This fact means that the oxidation must be
performed after any solvent extraction unit operation because stroangly
oxidizing solutions are expected to degrade the organic extracting
reagents(31). Therefore, the mcst appropriate place in tre treatment sequence
i{s after iron, copper and zinc removal. The emphasis, therefore, for this
study was pltaced on treating chrcmium and nickel bearing solutions. For
practically ail cases, aciual lrach solutions pretreated for iron, copper and
2inc removal were used for the testwork. The solutions considered in the Phase

I study contained approximately 2-6 gpl Cr’3. and 2-5 gpl Ni.

Detailed experimental studies are presented and discussed in Section
8.9.1.; large scale testwork is presented in Section 8.13. The experimental
procedure is described in Section 5.3. Large scale chlorine oxidation
equipment is presented pictorially in Saction 8.14.2.
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TARLE 6.24. DEHPA LONG TERM EXPOSURE DEGK DATION TEST

Sample MNo. Organic Exposure  Contacts Loading, gp) (Zn+Fe)/% DEHPA
To Aqueous Phase
System Organic New Organic
4025 Stock Aqueous Solution,
pH = 2.0, 11.639 gpl Fe,
11.192 gpl In
First Day
ki:1}] 19 liters aqueous First 0.257
3042 .. Second 0.068
3843 None First .3/
3844 - Second 0.032
Second Day
3874 38 liters First 0.26)
3875 - " Second 0.054
3876 Hone First 0.270
3877 " Second 0.056
Third Day
3909 57 liters First 0.242
. 3910 - Second 0.066
ki')]] fKone First 0.286
3912 . Second 0.05!
Fourth Day
3947 76 Viters First 0.2
3948 » - Second 0.056
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TABLE 6.24. CCHNTINUED
Sample No. Organic Exposure Contacts . Loading, gp! (Zn+Fe)/% DEHPA
To Agueous Phase
S!stag g_rganic New Organic
3947 None First 0.259
3948 " Second 0.068
Fifth Day
3982 96 liters First 0.248
3983 > Second 0.054
3984 fNone First -
3985 . Second .
Stath Day
4026 115 liters First 0.2R6
4027 » - Second 0.029
4028 None First 0.278
4029 . Second 0.065
Notes: . ODetailed experimental results presented in Table 8.95,



A relatively large number of oxidation possibilities were considered.
On'ly two oxidation techniques are considered feasible because of reagent cost.
They are chlorine oxidation and electrochemical oxidation.

Large scale testwork using chlorine oxidation showed that slﬂrry oxidation
of precipitated chromiun was effective and controllable. The operational
procedure consisted of adjusting the solution pH to 4-5 (theréby precipitating
most of the Cr+3 as Cr(OH)s); sparging in Clz gas to raise the solution Eh to
>1,000 mv; and then allowing the reaction to proceed .for several hours. Eighty
to ninety five percent of the chromium was oxidized to the dichromate form.

The unoxidized Cr(OH)3 solid can either be separated from the solution and
recycled to tne leach stage or left in tne reactor to become a part of the next
oxidation treatment.

The oxidatfon time period used to treat large volumes was relatively long
in the large scale testwork. However, short time exposures were effective in
the small-scale testwork. The reason for the difference was the effectiveness
of the contact system used. A more appropriately designed reactor was tested
in the Phase II study, but the results did not show an improvement in the
oxidation rate, Section 8.9.1.1.2.

Oxidation of chromium achieved by chlorine sparging was in the range
70-80% for a contact period of 4-5 hours at a pH of 4-5; the oxidation achieved
by use of an aspirating chlorinator was in rang2 40-70% for a contact period of
4-5 hours at a pH of 4-5. Complete oxidation is not, however, required because
the solid residue contains the recxidized chromium as chromium hydroxide. It
i{s not lost from the system but is recycled to the initial leach unit
operation. The filtrate solution from the solid/liquid separation (that is

further treated for chromium recovery) is essentially chromium aniors, e.g.,

99% Cr+6 (as an anion), 1% Cr+3. - N

Electrochemical oxidation is commercially practiced for regenerating spent

plating baths{32,33). The cell electrodes are separated by a cation permeable
membrane. Chromium is oxidized in the anode compartment and impurities in the
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anolyte transport across the membrane to the catholyte. This system appeirs %o
ve applicable to the present treatment sequence; cnramium could be oxidized ana
copper could b2 removed from the copper SX strip acid. The operational
procedure wiuld be: pump the leach solution 1nto the anode chamber for
chromium oxidation; pump the copper bearing strip solution from the copper SX
strip cells into the cathode chamber for copper extractfon; recycle the copper
depleted strip solution to the copper SX strip cells to pick up more copper;
pump the oxi-.zed leach solution on to chromium recovery. Some nickel would
transport from the leach solution to the cathode chamber through t.he memprane
but. it would not interfere with either the copper electrowinning process or the
copper SX stripping process. When the nickel content built up to an
appreciabi2 level a bleed stream (10%) from the copper SX strip stream would
be pulled off for nickel recovery. Nickel could be recovered by recycling the
solution to the initial leach stage.

Electrochemical oxidation has been investigated on a small-scale basis in
the Phase | study. The results are presented and discussed in Section
8.9.1.2.1. The results were encouraging so large-scale testwork was conducted
during the Phase Il study.

The ele:trooxidation cell was described previously in Section 5.3.2. The
cell consisted of two box chambers capable of treating about 14 liters of
anolyte and 26 liters of catholyte in a batch or continuous flow mode.
Experimental testwork is summarized in Table 6.25. Detailed experimental
testwork results and discussion of results are presented in Section 8.9.1.2.
Steady state conditions produced oxidation conversion of between 80-95 percent
of the chromium. The testwork supports the conclusion that electrochemical
oxidation is a potential unit operation to be considered further.

6.3.7. Chromium Precipitation

A very effective procedure has been developed to selectively strip the
oxidized chromium from the solution aickel. The procedure is based on the
relative solubility of lead sulfate and lead chromate. The procedure consists
of: exposing the oxidized chromium bearing solution to solid lead sulfate in
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TABLE 6.25 SUMMARY OF CONTINUOUS ELECTROCHEMICAL OX1DATION OF

CHROMIUM
Sample No. Condition Chromium Oxfdation (%)
5003 Batch Test 85.4
5006 Series One Test 718.0

(Table 8.103)

5013 Series Two Test 87.2
{Table £.106)

5039 Series Three Test 95.6
(Table 8.107)

Notes: . Test conditions presented in above referenced tables in
Section 8.9.1.2.
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the pH range 4-5; lead chromate forms as a dense, crystalline precipitate; the
solids are allowed to settle and the chromium free (<7mg/1 Cr) solution is
pumped away from the settled solids; the remaining slurry is recontacted witn
more oxidized chromium bearing solution and the process repeated. The exchange
reaction is complete in a few minutes time. The lead sulfate can be
regenerated and the chromium recovered in a concentrated form by leaching the

solids in sulfuric acid. The regenerated lead sulfate is then recycled to the
precipitation vessel.

The basis for the precipitation process is shown in Figure 6.6. The
dfagram shows that PbCr:O4 {solid lines on the diayram) is the statle phase
above pH levels of: 2 for 504/Cr = 1; 2.8 for 504/Cr = 10; and 3.7 for 504/Cr
s 100. Therefore, the pH range of 4-5 is appropriate for all the test
conditions used in the present study to prodguce PbCrOs. It also demonstrates
that the redissolution of PbCrO4 can be achieved at pH levels below the
intersection between the dashed and solid lines, i.e., for a 504/Cr =1 a pH <2
will convert the PbCrO4 to PbSO4.

The detailed experimental results are presented in Section 8.10.1.1;

large-scale sequential testwork in Section 8.13. The large-scale test results
are summarized in Table 6.26.

6.3.8. Nickel Precipitation

Nickel sulfide can be effectively precipitated from a nicxel bearing
solution by the addition of a sodium sulfide solution. If the sulfide solution
is added at the proper concentration and rate there is no release of hydrogen
sulfide gas. The precipitation is perforaed on the solution resulting from the
removal of chromium, which is at a pH of 4-4.5. Precipitation of nickel from a
solution at this pH value results in effective nickel removal, e.g., large-
scale testwork showed the following results. Nickel was decreased from 2.27
gpl in 3.5 liters of sequentially treated leach solution to 7 mg/liter. Nickel
was decreased from 1.67 gpl in 42 liters of sequentially treated leach solution

to 6 mg/liter,
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TABLE 6.26. SUMMARY OF LARGE SCALE TESTS ON CHROMIUM PRECIPITATION
Sample No. _Condition Chromium Removed From Solution

Percent Chromium Content In Solutien

Inftial (gp1) Final (gpt)

Sequential Series Four (Table 8.90)

2347 Starting Solution - 1.65 -
(10 liters)

2376 Final Filtrate 99.5 - 0.008
after 30 min. exposure I
Sequential Serfes Five (Table 8.91)

2600 Starting Solution - 2.4 - -
(42 Viters)

2602 Final Filtrate 99.7 - 0.007
after 30 min. expcsure

Wote: . DOetajled experimental results presented in Section £.13.
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The prac'pitation is rapid and complete in less than one-half hour.
Therefore, 2 relatively small reaction vessel is appropriate for the
precipitation. A deficiency of sodium sulfide should be used so that solution
sulfide ions do not exist. Otherwise hydrogen sulfide .ould be generated when
this soiution is recycled to the leach unit operation. )

The detailed experimental results are presented in Section 8.11.1.; large
scale testwork in Section 8.13. Alternate nickel recosery possibilities are
presented in Section 8.11.2 and 8.15.7.4.

6.4. ECONOMIC ANALYSIS

The following cost summary {s presented as a first order estimate(49'5°)

for the flowsheet presented in Figure 6.7. Itemized equipment lists were used
where possible and literature quoted cost figures were used when available.
Costs were estimated using the data of Mular“g), Hord(so), and Davenport(39).
A1l costs have been updated to second quarter 1984 using the Marshall and
Stevens (M3S) Index. The current M&S Index value is 794. Major cost items
have been included. The factored capital cost totals take care of minor
equipment, instrumentation, processing piping, auxiliary engineering cost, and
plant size factor. Detailed cost sheets, both for capital and operating costs,
are presented in Appendix 8.15.

This is certainly not a detailed engineering cost analysis. It is only
what Mular and Davenport claim for the calculational technique, f.e., a first
order estimate. Mular suggests that the cost totals will be within +30
percent. If cost were not available for the present flowsheet individual unit
operation capacity but data existed for a similar commercial unit operation the
sixth tenth rule was used, 1i.e.,

]0.6

cost = cost [capacity t/capacftyknoun

(M&Snou/M&sthen)

The potential value of products and reagent costs were obtainea from
current literature quotations and are reported in Tables 6.27 ana 6.28.

known presen

(47)
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TABLE 6.27. VALUE OF PRODUCTS AND REAGENT COSTS

Product Cost ($/pound)
Cu 0.60
Znsod-uzo 0.20
nzCro‘ 1.18
Ni 3.45
NiS 1.72
N1Q 2.60
PbSO‘ 0.85
sto4 60 (S/ton)
NaOH . : 360 ($/ton)
Na,S 470 (S/ton)
Crzo3 1.90

Sources: October Issue EMJ
Chemical Market Reporter, September 17, 1983.
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TABLE 6.28. TOTAL PROUUCT VALUE FOR SO TPD COST ESTIMATE

Product Quantity (pounds/day) Potential Value ($/Yr)
1. Cu 1130 223,700
2. znso4-uzo 3180 209,900
3. HzCrO4 2310 899,500
4. NiS 1780 1,010, 300
5. Ni 1150 1,309,300
6. Cr203 J490 933,200
7. Ni0 1460 1,252,700
8. Credit for Disposal ($S1/galion sludge)® 3,300,000

TOTAL (1,2,3,4,8) 5,643,490
TOTAL (1,2,3.7,8) S,885,800
TOTAL (1,2,5.6.8) 5.977,100

*Olsposal costs very considerably depending on amount ot material that
oust be handled.
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The return on investment (R0I) was calculated by the equation:

ROI = (Value of Products-Annualized Cost){tax rate)(10C)
- Capital Cost

The zost estimate is based on the flowsheet presented in Figure 6.7.
Capital cost and operating cost were estimated. These estimates are presented
in Appendix Section 8.15. Equipment costs were based cn cost equations of the
form:

- A -
costnow = a(capacity) (M&Snow/M&Sthen)

where a, b are constants for a parcticuler piece of equipment. The constants a
and b are provided for a variety of types of equipment by Mular, Woods, and
Davenport (and in some cases on other literature data).

An equipment 1ist was prepared for each series of unit operations, the
cost estimated as descrived above. The Factored Capital Cost was determined by
using the factors as presented in Table 6.29. An annualized cost was then
determined based on a five year period, 12 percent interest rate. An
operational cost for the series of unit operations was established based on
reagent consumption, manpower requirements, maintenance and power consumption.
The results or the calculatiorns are presented in Tables 8.131-8.145.

Operating cost estimates are presented in Table 8.131. The operating cost
estimates do not include personnel other then operational personnel. The
estimates include: unit operations cost; manpower requirements; maintenance
costs; and energy cost.

The ROI calculations were made pased on the following assumptions:
buildings and land are available; tax rate is 50 percent; interest rate is 12
percent; pay-off period is five years; a credit of one dollar per gallon of
sludge is allowed; and the plant cperates for 330 days per year. The quantity
nf material to be treated is based on 50 tpd sludge containing 25 weight
percent solids. The solids contain five weight percent of each element, Cu,
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TABLE 6.29. FACTORED CAPITAL COST ESTIMATE® .

Cost (MLS = 794)
1. Purchased Equipment COStS....c.cvvvuannnccarans
2. Installed Equipment Cos%s (1.4 x Item 1).......
3. Process Piping (30% of 2)...ceveeecccenes ceease
4. [Instrumentation (10% of 2)......... cesensns cees
S. Auxiliaries (5% of 2)..... tesveneserssanarnnses

6. Outside Lires (5% of 2)....cvvvncnececcecnscnns
7. Total Physical Plant Costs (Sum of 2 through 6).
8. Engineering and Construction (0% of 7)........
9. Contingencies (152 of 7).......cc..... ceevarnan .
10. Size Factor (Small Commercial, 10% of 7).......

11. TOTAL PLANT FIXED CAPITAL COST (Sum of 7
through 10)......cc00ivncnnnnas cesians ceenasrans

YEARLY COST, Based on 60 month pay-off period, 12%
interest.....ccci0aee. tececesennnansann teesaces

*Example Estimate Form
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In, Cr, Ni, seven ana one-half percent Fe; two percent Al and P; and one
percent Ca. Mass palances were based on actual experimental data generated
during this study. The mass balance results were used to size the necessary
equipment and are reported in Section 8.15.

The first order estimate return on investment, based on the flowsheet
presented in Figure 6.7, and Tables 6.30, 6.31, is 41+12%

ROL = (2.843,359-2,7.33:100)(.5)(100) = 414122

The oxidation unit operation is a major cost in the overall project cost;
both for capital and for operating expense. It is expected that significantly
lower cost would result using newer technology presently peing commercialized.
lNCO‘“Z) has developed a technology based on the use of sulfur dioxide and
oxygen that they are commercializing for cyanide destruction. However, their
research results show solution potentials that are sufficiently oxidizing to
oxidize chromium. In tae case where chromium (+3) and nickel (+2) are present
it may be possible at a pH in the lasic regions (pHv 8) to oxidize a slurry of
chromium (+3) hydroxide and nickel (+2) hydroxide to chromate (Cr04°) and solid
nickel {+3) hydroxide. Therefore, a separation between chromium and nickel may
be possible at a muck lower cost than either electrochemical oxidation or
chlorine oxidation. This technology was not being used industrially when the
present investigatirns were begun, therefore, it has not been experimentalily
investigated in this study.

Application Gf the 502-02 process to chrcmium oxidation has not been made
and, therefore, costs are not available. However, a first order cost analysis
can be made by assuming the chromium oxidation rate will be similar to the
measured nickel oxidation rate and by costing out the equipment required to
achieve the oxidation. The anticipated unit operations are depicted in Figure
6.8a. An equipment list is presented in Table 8.143; a factored capital cost
summary is presented in Table 8.144; operating cost is presented in Table
8.145. The solution oxidizing potential certainly would be great encugh %o
insure thermodynamic oxidation. The kinetics of such a rection, of course, are
unknown.
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TABLE 6.30 PROCESS COST: FIRSYT ORDER ESTIMATE

Unit Operation © COST ($)
Factored Capital Annualized Capital Operation Cost Total Cost
Cost Estimate Cost per Year Per Year
1. Leach, jarosite
precipitation 430,800 119,500 223,500 343,000
2. Jarosite sturage 390,500 108,200 25,400 133,600

3. Copper solvent
extraction, electro-
winning 336,100 93,100 205,900 299,000

4. Zinc, restdual iron
solvent extraction,
zinc sulfale crystal-
lization 661,600 183,300 269,700 453,000

S. Chromium oxid.,
chromic acid pro-

duction 1,818,200 §03,600 407,700 911,300
6. tickel recovery 231,600 64,200 230,000 294,200
TOTAL COSY 3,868,800 1,071,900 1,352,200 2,434,100

See Section 8.15 for details.
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TABLE 6.31 PROCESS COST SUMMARY: FIRST ORDER ESTIMATE

Unit Operatfion cost (s)
Factored Capital Operation Cost Total Cost Potential Value
Cost/Yr & 12% Per Yr | Per Yr of Product(¢/1d)
3 ¢/1b s ¢/ib $ ¢/tb
V. Leach, jarosite .
precipitaticn 227,700  4.0* 248,900 4.4* 476,007 B8.4* -
2. Copper SX, EW 93,100 25.0 205,900  55.2 299,000 80.2 60
3. Zinc, residual iron
SX, zinc sulfate
crystallization 183,300 17.4 269,700 25.7 453,000 43.0 20
4. Chromium oxid.,
chromic acid
production 503,600 66.1 407,700 53.5 911,300 119.6 18
5. Nickel recovery 64,200 10.9 230,000 39.0 294,200 49.9 172

* per pound of resfdue solids.

See Section 8.15 for details.
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ine proposed possible application to the present system is concurrent
oxidation of chromium (+3) and nickel (+2). The chromium (+6) formed (Cr04')
would be present as an aqueous specie; the nickel (43) hydroxide would be
present as a solid. Therefore, not only would the chromium be oxidized but a
separation between chromium and nicke! would be achieved. In the gresent
flowsheet nickel and chromium exist together. A treatment sequence cculd be
concurrent oxidation of chromium (+3) and nickel (+2) at a pH of~8. Ch}omium
and nickel will be solid hydroxides at this pH. Therefore, the oxidation would
occur in a solid-solution slurry. ihe research at IRCO used calcium sulfite
(CaSO3) and oxygen as the oxidizing species. They proposed that the nickel
oxidation reaction was:

Ni(OH)z( 1) + Caso
solid

+ 5/2 4,0 + 3.4 0, —>
3(s01id) 2 2

Ni (OH) + CaS0,"H,0
3 4

(solid) 2

The &iidation was carried out in a3 modified flotation cell so that good
agitation and gas-solid-solution contact could be achfeved. The measured
oxidation rate was approximately S g N **/1iter/nour at an equivalent SO2 rate
of 7 g SOzlliter/hour at a pH of 8; Ni** concentration was 13.5 gpl, and an
oxygen supply rate of 600 liters/liter/hour was used. A similar chromium
oxidation reaction may be possible:

CI‘(OH)3 + CaSO3 + 3/2 HZD + 5/4 02 —_—
HZCrc‘ + CaSO4’2H20

Replacement of the electrochemical oxidation by SOZ-Oz oxidation and the
prcduction of Hi0 rather than NiS results in 2 consideradble potential cost
- -savings. The process cost is summarized in Table 6.32a. A comparison df costs
between the two flowsheets is presented in 7able 6.33a. The ROI is 411 for the
electrochemical oxidation flowsheet compared to 69% for the soz~oz nmodified
flowsheet.
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VABLE 6.32a. PROCESS COST: FIRST ORDER ESTIMATE MODIFIED FLOWSHEET INCLUDING soz-oz
CHROMIUM OXTDATION
Unit Operation CosT (%)
Factored Capital Annualized Capital Operation Cost Total Cost
Cost Estimate Cost Per Year Per Year
V. Leach, jarosite
precipitation 430,800 119,500 223,000 343,000
2. Jarosite storage 390,500 108,200 25,400 133,600
3. Copper solvent
extraction, electro-
winning 336,100 93,100 205,900 299,000

4. 2inc,residual iron
solvent extraction,
2inc sulfate crystall-

12ation 661,600 183,300 269,700 453,000

5. Chromium oxidation,
chrenfic acid
production, nicke)
oxide production 1,043,900 289,200 484,600 773,800

TOTAL COST 2,862,900 793,300 1,209,100 2.002,400
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TABLE 6.33a. COMPARSION OF FIRST ORDER COST ESTIMATES SETWEEN FLOWSHEETS FOR ELICTROCHENICA!
OXIDATION AND SO,/0, OXIDATION OF CHRONMIUN,

2
F lowsheet CosT ($)
F.c.C. F.C.A.C. Operating Total Product Value*
- Cost/yr Cost/yr
€lectrochemical 3,868,800 1,071,900 1,362,200 2,434,100 5,643,400
(Table 2.1)
Modified 2,862,900 793,300 1,209,100 2,002,400 <,088%,8C0

R.0.1. =[(s.ass.soo - 2,002,400)/ 2,862,900 ](o.so)(loo)
=692 20%

* Same products in both flowsheets except for nickel: NiS in Table 2.1, Ni0 in wodified
+lowsheet.

See Section 6.4 for details.



Another alternative that appears to be attractive is presented in Section
8.15.7.4, solvent 2xtraction of nickel by LIXSZ-DZEH?: mixtures, electrowinning
nickel, precipitation of chromium hydroxide, production of chromium oxide. The
anticipated unit operations a~e depicted in Figure 6.8b.

The solvent extraction of nickel from leach solutions containing chromium
appaars to be possible by either use of a LIx53-DzEHPA organic or a DZEHPA-EHO
organic(44). Preliminary shake tests were performed in this study. 1Ine
results were encouraging and verified literature data. Certainly further
researzh is needed to verify the conditions needed for an industrial SX system.
Also, one should be aware that solvent extraction of nickel using these
reagents is more risky than previously suggested alternatives because solvent

extraction of nickel (at low pH levels) is not yet practiced commercially.

The data on which the cost estimate for the moaified flowsheet (Figure
6.7b) is made are presented in Tables 8.145 and 8.14€. The process cost
summary is presented in Table 6.32b, and a comparison to the electrochemical
oxidation flowsheet is presented in Table 6.33b. The ROI! 1s 41% for the
electrochemical oxidation flowsheet compared to 67% for the modified flowsheet.
Additicnal alternative unit operations are discussed in Section 8.15. The two
alternate unit operations presented in this section show good potential for an
excellent return on investment. Even if a credit is not taken for dispocal the
modi fied flowsheets cost estimates show that the treatment process results in
income sufficient to offset the cost. It is recommended that furthrer
consideration be given to these two flowsheets.

6.5. COMPUTER ASSISTED MASS BALANCE CALCULATIONS

6.5.1. Background

Rapidly escalating costs and constantly declining ore grades have prompted
the energy intensive metallurgical industry to seek new ways to improve process
economics. One of the methods that could be employed to immediately gain
greater operating efficiency could be the modernization of existing plants with
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TABLE 6.32b PROCESS COST: FIRST ORDER ESTIMATE MODIFIED FLOWSHEEY INCLUDING NICKEL SOLVENT
EXTRACTION, NICKEL RECOVERY, AND CHROMIUM OXIDE PRODUCTION

Unit Operation cosy ($)
F.c.C. FCAC Operating Cost Total Cost
Per Year Per Year
1. Leach, jarosite
precipitation 430,800 19,500 223,000 343,000
2. Jarosite ponding 350,500 108,200 25,400 133,600
3. Copper solvent
extraction, electro-
winning 336,100 93,100 205,900 299,000
4. 2inc, residual iron
solvent extraction,
zinc sulfate crystal-
Vization 661,600 183,320 269,700 453,000
§. Nickel solvent
extraction, electro-
winning, chromium
oxide production 1,158,300 320,800 451,500 772,300
TOTAL COST 2,977,300 824,900 1,175,500 ;:600.900

See Section 8.15 for detafils.
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TABLE 6.33b COMPARSION OF FIRST ORDER COSY ESTIMATES BETWEEL FLOWSHELTS FOR ELECTROCHEMICAL
OXIDATION AND RiCKEL SOLVENT EXTRACTIUM AND RECOVERY.

Flowsheet FCC FCAC Operating Cost Total Cost Preduct Value*
Per Year Per Year

€lectrochemical 3,863,800 1,071,900 1,362,200 2,434,100 5,643,400

Modifred 2,977,300 824,900 1,175,500 2,000,900 5,977,100

RO! =[(5.977.|00 - 5.000.900)/ 2.977.300](0.5)“00)

*67%20%

* Same productls in both flowsheets except for nickel (nickel in modified flowsheet) and
chromium (chromfium oxide in modified flowsheet).

See Section 8.15 for details.



computer technolngy. Process modeling, microprocassor control and robotics
technology will play Fey and cost effective roles in procass optimization.,
Falling prices for all computer technology will enable even the smallest
company to benefit from these techniques. The main obstacle to this
computerization and optimization will be the availability of software specific
to the needs of the metallurgical industry. .

Process modeling (especially mass and energy balance modeling) has long
been recognized as an engineering technique that enables metallurgical staff

members to design and operate efficient systems. However, these technfques
involve many tedious, repetitive and time consuming calculations, and are,

thus, very labor intensive. Cperating plants, particularly small operations,
often cannot afford to invclve engineers in such modeling even if plant
materials and energy are wasted in the process. Process modeling and/o:¢
optimization could be a viabie technique for any operation if the lengthy,
repetitive calculations were coded into computer programs. Low cost, powerful
personal computers can make such process modeling an effective tool for each
engineer.

Mathematical process modeling of any metallurgical unit operation can
provide plant operators with an incalculable amount of information concerning
plant practices. Mass balances can track the path of one or twenty or fifty
items (such as metal ion concentrations) throughout the entire series of unit
operations. Recycle streams, changing flow velocities and mass additions can
turn simple mathematical calculations into a repetitious, time gobbling
nightmare. Keeping track of even one concentration or volume throughout the
entire series of unit operations can be extremely time consuming at best.
Changing one variable changes all calculations and starts the repetitious
process again. Tracking several important values can be an itemized accounting
mess. Process modeling of several interacting unit operations can
exponentially increase time consumption. It is simply too time consuming to
play “what if" with the process model if the calculations are done by hand.
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Fortunately, the mathematical calculations invclved in these mass and
energy balances are simply matters of repititious additions, subtractions,
multiplications and divisions. The process variablas and the items to be
tracked can be often divided into a series of arrays. These conditions dre
simply perfect for computar coding. Once the process calculation scheme is
developed, even 1 personal computer can trace several values at once. Disk
storage techniques can be employed to track an almost limitless (within reason)
amount of interacting items.

The research completed in this siudy investigated the use of an 8-bit
personal computer, an Apple II+, to model the mass balance calculations for the
extraction of metal values from mixed metal hydroxide electroplating sludges.
The models are, at this point in time, computerized mass balances that model
various extractive metallurgical unit operations. These models can be easily
adapted for optimization studies at a later date.

Several metallurgical unit operations were utilized in the extraction of
the various metal values contained in the electroplating sludges. Therefore,
several models were necessary to describe the research system. Also, these
models must “interact® so that the entire system could be researched. In other
words, the outflow of onea unit operation model would be the inflow of the next
unit operation model. The models were, thus, designed with this inflow/outflow
conceﬁt. However, 2s will be demonstrated later, this inflow/outflow concept
is an option to the computer operator. The operator can choose to have the
outflow of the last unit operation be the inflow of any of the listed unit
operations or provide a new inflow. This allows the user comolete flexibility
within the complete series of unit operation models and makcs “what if"
designing very easy.

This research completed the following computer assisted mass balance
models. It should be noted that these models were designed to describe a
specific extraction system and were not intended to be general models for any
system, However, modifications can be made to these programs fairly easily,

ana, they could be changed to define other systems as well. These moda2ls are:
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‘Composite Sludge

This program allows the user to mix as many as 12 sludges together
to provide a composite studge tnat will serve as the i1nput sludge to
the leaching cperation.

“Recycle Solids

This grogram allows the user to add recycle saolids to the leach
vessel.

‘Leach

This program models the leaching of the combined 2lectroplating
studges with sulfuric acid and water. Three recycle streams may be
added to the vessel.

*Solid/Liquid Seoaration

This program models solid/1iquid separations that involve filtering
and additions of wash water. Three different washing operations are
permitted.

*Solvent Extraction

This program models solvent extraction unit operations with a
maximum of three stages. The operator also has the option of
stripping the loaded organic.

This is a general extraction model that allows the operator to

remove metal values from solution. The operator may choose
precipitation of a species or may remove metal values with a “black

box" method so that the resulting stream may be the input to the

next operation. This is an especially useful method for "what if"
calculations.
All of the models monitor important parameters with respect to 12 metals -

Cu, N, Cd, Zn, Cr, Ca, Na, Fe, Al, Pb, Si and P.

6.5.2. Instructions

The diskettes and the instructions are provided as a separate document.
Example output of the calculational program is presented in Table 8.147 for the
S0 ton per day cost analysis flowsheet.
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SECTION 8
APPENDICES

8.1. ANALYTICAL PROCEDURES

8.1.1. Sludge Dissolution and Analyses

The dissolution of the sludge material was performed by the
following procedure:

‘A 100 pound sample was removed from the barrel of sludge. The
sludge was cnnpped up with a laboratory mixer into pea size
particles.

“The sample was blended by repeated mixing.

°One hundred gram samples were spli& from the blended material
and placed in a drying oven at 100°C for 24 hours. Samples
were weighed and moisture content calculated. Samples were
run in quadruplicate to verify results.

‘The dried material was ground in a mortar and pestle to -100
mesh. A 5.00 gram sample was split from the ground material.

“The dried anc¢ sized sample was digested to determine
composition.

*A 5.00 gm sample was carefully weighed and placed in a
400 cc beaker. 100 cc of aqua regia was added to tha
beaker plus 25 cc of perchloric acid.

*The slurry was placed on a hot-plate and fumed to a
semi -dry state. The sample was cooled and redissolved in
100 cc of 10% HC1 solution.

*The solution was transferred to a 500 ml volumetric flask
and diluted to volume. A reagent blank was carried along
through the entire procedure for matrix correction.

“The digested sample solution was analyzed for element
content by ICP spectrophotometry.
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8.1.2. Agueous Phase Analyses

Aquecus phase analyses were performed by ICP procedures. A solution
sample was witixdrawn from a test sequence, filtered (if necessary), placed 1n 2
25 cc palyethylene vial and capped. The sample was assigned an analytical
number in a master record bock. Each sample number was recorded and a brief
one line description written beside it. Dilution, if any,- of the solution was
recorded in the test notebook. The sample was tnen supplied to the project's
chemist. Most samples were analyzed within three days by ICP
spectrnunotometric anafysis. A1l dilutions performed by the chemist are
reported i1 the analytical computer print-out for each individual sample. All
results from the analytical laboratory were reported in mg/l.

An EPA performance evaluation set of aqueous samples was supplied to
Montana Tech Foundation for determination of solution metal contents. The
results are presented in Table 8.1.

The results of the performance evaluation showed that all elements were
rated acceptable except for the element iron. The cadmium rating was “check”
which means the results were within the acceptable range but outside the
“warning range“.

Iron was run using a defective AA lamp and the problem was rectified with
a new lamp.

A majority of the Phase | aqueous samples were run on an Yvon ICP model
JY 48 spectrophotometer, The Phase Il analytical work was performed in a
Perkin-Elmer ICP Model 5500. However, initial and subsequent periodic checks
were made to assure “hat the results compared favorably with atomic absorption
results.

It was desirabie to analyze a number of samples for the Fe”/Fe+++

contents. The analytical technique used for Fett content followed the
procedure: The chief interference with the Fell determinaticn is from high Ni
concentration which obscure the enipoint. Thus, a small volume of sample 1s

used and diluted to about 50 ml.
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691

TABLE 8.1..PERFORMANCE EVALUATION REPORT: 12/03/82 WATER POLLUTION STUDY HUNBER WP 009

L)

Parameter  Sample No.* Montana Tech True Value  Acceptable Uarning  Performance

Foundation (mg/1) timits Linits Evaluation
Value(mg/1) (mg/1) (mg/1)

Aluminum 2 0.94 0.968 0.789 - 1.220 0.844 - 1.170 Acceptable

Cadnium 2 0.06 0.072 0.057 - 0.086 0.061 - 0.082 Check

Chromium 2 0.31 0.270 0.203 - 0.330 0.219 - 0.314 Acceptable

Copper 2 0.33 0.338 0.289 - 0.370 0.300 - 0.368 Acceptable

Iron 2 0.14 0.990 0.839 - 1.110 0.873 - 1.080 Not_ Acceptable"

Nickel 2 0.38 0.400 0.324 - 0.470 0.342 - 0.450 Acceptable

linc 2 ) 0.45 9.420 0.3/3 - 0.462 0.384 - 0.45) Acceptadble

* Calibration on Perkin Elner 403 Atomic Absorption Spectrophotometer set up for hundredths of

mg/1 level; not calibrated for go/l.
** lron hollow cathode tube defective.

Therefore, all No.l samples not valid test of capabilities.



To a 125 ml Erlenmeyer flask add 50 ml Hzo (deionized), 15 ml 20% H
and 2 mls of H3?04. Pipet in 1.0 m] of sample and add 8 drops of sodium
diphonylamine sulfonate indicator. Titrate using moderate quantities of
dichromate while stirring or swirling. Proceed slowly with small volumes of
dichromate near the endpoint. When a violet color persists for one minute, the
endpoint has been reached. It is best to perform triplicate determinations
until volumes agree to within + .02 ml.

2504»

Report as gp! using:

fett gpl = (vol. 0.COIN gaggromate)(55.85)

The reagents required Jor Fe** dezermination include:

'Potsssium dichromate soluticn (0.2 N) made by drying pure K CrZO e
120°C ana dissolving 4.9040 gn in one liter of deionized H,. 2D{lute
to 0.001 N solution.

'HZSO4 solution; 20 v/o.
*Sodium diphenylamine sulphonate solution: 0.16 w/o.
Concentrated H3P04.

The ferric irgg content of the aqueous phase was determined by
subtracting the Fe  content from the total solution iron content.

Chloride and sulfate anion determinations were performed using a DIGNEX
System 10 Anion Chromatograph. The procedure was: dilute the sample, 1/500,
with millipore treated deionized water; then analyze on the DIONEX system.
(Standards from 2000 g/ml 504= and C1° should be nade in such a manner to
bracket the concentrations in the sample).

Chromate or dichromate anion concentration was determined by the following
procedure:

*Determine the total chromium content of the soluticn by AA or ICP.

"Expose a known volume of solution to an equal volume ¢ IRA 900 (a
strongly_basic ign exchange_resin). ihis quantitatively removes

the Cro4 , Cr207 , OF HCrO4 anions.
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Measure the volume of solution and analyze the recovered solution
by AA or ICP.

‘Aash the resin with water and collect the wash solution, measure
the+5olume and determine the total cnromium cantent of this sample
(Cr'7)

Calculate tne oxidized chromium in mg.

8.1.3. 0Organic Phase Analyses

Reagents:

Solvents: Two solvents are currently in use on a routine basis in
laboratories using ICAP Spectrometry on organic solutions; these are MIBK
(methylisobutyl ketone-spectral grade) and Xylene (mixed or para
isomer-spectral grade). The first solvent 1. highly polar, meaning its
wettability of the sample uptake capillary is "well behaved" - similar to
water; however, it has a high vapor pressure and tends to produce an intense
emission in the plasma. It is also highly corrosive of most tubing materials.
Xylenes are non-polar and have a reasonably lower vapor pressure than MIBK.
Since they do not wet the nebulizer in an acceptable fashion, the use of a
peristaltic pump is hibhly recommended to insure reproducible sample flow

rates.

Standards: Single element standards and a mixed element standard
containing 21 elements (S-21) are available from: Conoco, Inc., Ponca City,
Oklahoma. The standards carry the brand name conostan and can be purchased in
a variety of concentrations. It is highly recommended that single element
standards be purchased i1n order that spectral interferrons can be quantified
and stindard addition procedures may be employed in sample analyses where
necessary.

Procedure:

JY 48 Instrument parameters must b2 set differently for aqueous and
organfc solutions. The incident power is increased and the sample flow rate is
reduced considerably (an order of magnitude for MIBK). Also, auxiliary plasma
gas is used to raise the bottom of the plasma one-half the distance from the
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Teflon support block (approximately equal with the top of the torch tip) to tne
first load coil. This prevents carpon buildup in the torch.

Instrument Parameters:

Incident Fine Neb* Neb* Sample

RF Tune Pressure Flow Rate Uptake
MIBK i 7.1 20psi .52 0.20 ml/min.
Yylenes 4‘_;5.7,5-“—""( 3.5 28 psi .50 1.98 m1/min.

*Nebulizer: Meinhart T230B2 concentric glass.

With typical solvent extraction type organic samples from metallurgical process
streams, the necessary dilution factor is 1/1000. This obviates any special
considerations one might have to give the sample because of unique physical
properties such as high viscosity, since the diluted sample is mainly solvent.

Once the instrument parameters are optimized and inter-element corrections
quantified, analysis i1s as routine as aqueous samples.

8.2. SULFURIC ACID LEACH STUDIES

8.2.1. Preliminary Testwork

Sulfuric acid is a very effective lixivant for treating mixed metal sludge
material. The design matrix and experimental results are presented
in Table 8.2. All experimental tests were run in a thermostated one liter
leach vessel under specified conditions of time, temperature, sulfuric acid
concentration, Eh, air purge, and agitation rate. OUne to two hundred gram
samples of undried sludge were leached with 250 cc of leach solution. Solution
samples were analyzed by Induction Coupled Plasma Spectrophotometry (ICP).
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TABLE 8.2.

DESIGN MATRIX FOR SULFURIC ACID LEACHING OF SLUDGE (1/8 REPLICA): STRILS ONE

i Vise | lesp. IIISO‘ th Ale  [Jagitotien |
! (nes.)] (°C) (gpl) {2 nlol) Purge (.u.pl:|

Base 1.0 20° 90 5 No 370

unlt 0.5 . 20 5 -- .- .

e T T e e i Tes 0 Results: Extraction from Solid (X)

v {1 ] 0.6 | 20° 70 o {210 _

Test No. JCu | FPe ] € 1N | In Cd
e 8 - - - - - - pui(nagles.s {93.7) [9ranoan) faei(90.3) 2. Dns3) hoo{)1a0)
1o 7 ' Y - - * ' 92 8] 975 [ Y00 |97.9 :ﬁn 100
291 3 + - ¥ - D - 98. 6] 100 W0 99,3 10 W00 |
i) . - ) ] - - + 89,91 98,1 I 100 91.7 {0 |00
HEY ST + - - + - + s9ka 9]96.5 (98.5)K1oa100) b2.v@7 3)fi100(98.1} ;nn(lon]
e 6 - + - N + - 84.9 g5.3 97.0 | 85.4 109 100
137 ] - - + + + + 95.71 10 00 95.1 00 ]
fIE 3 v v 0 g - - 977106 00 3.7 110 100
61 4 Bascline 20.0°00] 760005 Bl 1en.s Jo9.2:8.¢ [12.0:8.0 3360

Pac. fep.J:6,8 1 6,0 1 34,4 1:6.6 |10.3 1 <80
Effects Variation

Cu -0.2 2.7 0.5 2.0 0.2 0.2 HOTE: -Sludge 5. Solids Compositiun (1)

Fe R 2.9 |_1.3 1.9 0.9 L4 | 14.52:0.25 fe, 1.57:0.02 Cr,

Cr 0.7 5 0.7 .5 0.7 5 3.17:0.03 Cu, 6.62:0.04 Ni,

Ni -1.6 .1 -;?.2 2.0 6.6 2.7 9.6810.08 Zn, 0.48:0.02 Cd

(z:: : 0 0 é +Tests 2 and 5 duplicated

Baseline kun Three Times
+70 gpl Sulfuric Acid is Approxi-

mately the Stoichiometric Acid
Requirement.



The data in Table 8.2. 1llustrate excelle... metal value extraction. The
effects portion of the tzble 1llustrates that the varia*ion in experimental
conditions chosen for study do not significantly influence metal value
recovery; e.g., for copper - the percent extraction is chanced only by: -0.2%
per 0.5 hr. increase in leach time; 2.7% per 60°C increase in temperature, etc.
The design matrix was repeated to consider the influence of acid content and of
sludge/liquid ratio. The results are presented in Table 8.3. The variable
(for the range studied) that shows the greatest influence on all metal value
extractions is acid content. Refer to the effects data in Table 8.3 for the
influence of each variable on inaividual metal extractions.

The cesign matrix tests resulted in acid colutions that had pH values in
the range 0.5-1.5. A series of experiments were performed to investigate the
influence of pH on metal extraction. The results are presented in Table 8.4.

Two of the design table leach residues (Test 3 No. 291 and Test 6 No. 356)
were photographed and selected sections of the filtered solid were compared by
SEM analyses. The results are presented in fFigures 8.1, 8.2, and 8.3, Tables
8.5 and 8.6. Note in the photographs that the filtered solids contain a
variety of materials, e.g., sand-like particles, wood fibers, etc.

Leach residue samples were prepared for three of the design matrix tests,
ji.e., samples were leached using the same conditions as specified in the design
table for Baseline (No. 261); Test 3 (No. 291); and Test 6 (No. 356)
conditions. Comparisons between the energy spectra for starting sludge and
leach residues are presented in Figures 8.4, 8.5, and 8.6. A quantitative
analysis of the same three residues is presented in Table 8.7.

The influence of time and solid/liquid ratio on metal value extraction is
illustrated in Figure 8.7 and in Tables 8.8 and 8.9. Note that the leach
conditions for the test are baseline conditions and not optimum conditions.
However, the data do illustrate that the dissolution is very rapid.

A complete mass balance on a typical leach system was .conducted to assure
that analytical results were reliable. The results are presented in Table
8.10. . 174
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TABLE 8.3. DESIGN MATRIX FOR SULFURIC ACID LEACHING OF SLUDGE (1/8 REPLICA): SERIES TWO

3
: fine sto‘ :h‘?:l Agitaetion Tenp. 1]
11 (an) ] (X of tqul (wPN) (ec) | umo,)
¢ solida)| Petie
- ';;' f Results: Extraction from Solution (%)
L J Bee_ 30 1 55 fawods } 320 {25 } 5 . -
Y ITHO IRCO P ig“lﬁ;.. SN RN N
High (1} 45 80 Iy 48 5 5 L N ‘
o) Tt ST TR gﬁ_?ﬁ.’f 710 L Cu fFe. . Cr M| 20 | Cd _
Test # — — —
L131 ITN DREIN AU RN SO = J36:7 0.8 1 10.) 61 45,8 153,
we|] T ST - ' - 3 69.8°188.3 7|85 6.2 | 89.2 | 86,4
us} 3 - I ¥ 1 < T19.87] 66, T2 23.6 | 8TV ") 7797
[ sue ‘ K 1 - - + ' 906 | il 86.4_| 26,7 _19V.1 193,04
 sos] 5 - - ' + + 1 67.9 | 22.0 ] 39.2 | 85.2 | 1n.7 819
890 6 + - + - ] - 30. 0.3 3.6 30. 49.4 66.4
881 7 - + + - - ' INRKIE 83, B0 ) 93,5 {iMLD
892 3 [ + + - - 86.) 171.2_121,2.1.13 82.2_19%.2. 1
407-¢] Byve 71.9°1.6 |68.672.0 |62.6:2.% 63.9:2.3 |60.6:3.1 |83 1°3.7]
Effects (1) NOTE: Sludge Barrel 2.
Cu 2.2 15.8 -2.2 8.9 4.9 13.8 *Solid Composition {%): 16.08t0.50 Fe,
Fe 8.5 25.8 -7.4 8.4 -9.2 8. 5.7010.14 Cu, :.25%0.04 Cr, 6.16t0.15 Fe.
Cr s. 21.4 -6.9 10.6 -6.4 7.0 Sllo.anoi:‘!l In, 0.67:(,.02 Cd
" = -Sludge solid content: 24.47%
hi 1.9 10.] 38'9 3.6 _7" 6'? -Sludge/Viquid ratio: gm sludge/250cc solution
In 3.2 2.2 0.8 6.1 2.7 10.3 2s011d
td 3.3 [ 10.0 ] 3.9 3.8 | -1.7 8.4 (gm sludge) (<375,™)

+{Solid/liquid) wt. ratio =

om N20 added + gm
H20 {n sludge ¢+ gm

MZSO4 + gm I|N03



TABLE 8.4. [INFLUENCE OF Pif ON METAL EXTRACTION FROM ELECTROPLATING METAL MYDROXIOE SLUDGES

Sample Condition

Metal Extraction frem Solid (%)

Cu Fe Cr N In _Cd__
533 pH = 0.5 94.7 97.4 99.4 95.9 97.0 93.0
534 1.0 89.9 91.3 94.7 92.9 91.8 93.0
535 1.5 93.7 92.0 96.5 95.9 95.1 93.0
3 536 2.0 79.5 46.7 n.8 87.4 79.5 84.8
537b 3.0 "49.3 0.6 17.0 52.2 55 5 69.7
538 4.0 13.5 0.03 5.1 20.4 3.8 46.5
539 5.0 1.7 .03 5.1 12.7 4.1 23.3
540 6.0 0.5 0.03 5.4 9.4 2.2 €©.03
NOTE: -Sludge Barrel 1
Composition (%Z): 18.27:0.44 Fe, 7.84:0.40 Cu, 1.17:0.06 Cr,
5.53:0.35 Ni, 11.47:0.47 In, 0.73:0.04 Cd

»Solid content of sludge:

«100 gm sludge (7
*Time: 30 minutes

-Temperature:

23.56%
23.56 gm solids
6.44 am 1120

} slurried in 200 cc nzo + X grams nzso4




Figure 8.1 Photograph of residue from design matrix test no. 6.
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. Figure 8.2. Photograph of residue from design matrix test no. 3.
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Figure 8.3. SEM photomicrograph of section A from design matrix no. 6.
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TABLE 8.5. SEM THIN SECTION ANALYSIS OF DESIGN MATRIX TEST THREE RESIDUE (TEST SAMPLE 291)

Composition (%)

Element Section B Section A
Cu 3.59 . 2.78
Fe 8.68 7.14
ir 0.46 . . 0.29
0 0.53 - 0.21
In 1.46 a 0.69
Cd 4] 0
Si 18.56 . 2.4
Al 2.0 I 6.30
Ca 0.26 . .

. S 12.28 3.55
P 0.17 0
Q 1.08 0.06

A: Leach residue 291 sample taken from the area marked A in Figu=e 8.2,

B: Leach residue 291 sample taken from the area marked B in Figure 8.2.




TABLE 8.6. SEM THIM SECTION ANALYSIS OF DESIGN MATRIX SIX RESIDUE (TEST SAMPLE 356)

18t

Comoagsition (%)

Element Section B Section A
Cu 3.08 2.8
Fe 9.39 .79
Cr 0.64 0.29
Ni 2.04 0.72
In 0.94 0.35
Cd 0 0
st 21.69 26.56
Al 3.76 8.28
Cr 0.33 1.06
S 5.49 2.09
P 0.29 o
a 1.07 0.09

A: Leach residue #356 sample taken from the area marked in Figure 8.1.
8: Leach residue #356 sample taken from the area marked {n b:igure 8.1.
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Conditions (sample 356) given in table 8.2.
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TABLE 8.7.

SLUDGE SOLID AND LEACH RESIDUE COMPOSITIONS

Iaitial
telght of | Flnmsl
Design [Solids in [uWeight of
Batris | Sludge Resldue
Tant® (ge) (gs) Composition of Sludge Solids Composition of Residue Solids
Cu | Fe Cr [Nl J20 JCOISIp AL Ca]S [4 CulFajCrl M) TajcCa]st Jal]Ca}s 4
Oaseling A ] M4 1.9 4.80[10.2) FI." 2.00 15.92 P36 120014, 28] 1. 11]0.56] 1.30] 1.9612.55]0.3510.55]0.84[0.16] 7,78 |2.28]0.38]2.682{0.37
(test #370) .
Conditlon l[ 43.44 .9 4.08110.23[1.19 ]2.08 [5.92 }!.JA 2.01)4,2911.11}0.96] 1.30; 1.30] 2.48]0.33] 0.. ¢]0.70]0.18 I.SJII.” 0.40]2.66§0.40
(Test #371) |
Condition OI 83,44 .0 4.08 lﬂ.llll.l’ .00 IS.!I r.lt T 014,291 0.11010.56]1.30] 1.43]2.10 O.JOIO.SI 0.4%) O.IOIIO.IIII.IZ 0.92.10]0.07
(Tesn M002) I l

* See table 8.2 for leach conditions.

resulted from matrix #291; residue 372 resulted from matrix test #356.

Residue 370 resulted from matrix test #261; resfdue 371
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TABLE 8.8. SLUDGE LEACKH TEST AS A FUNCTION OF TIME: CASELINE CONGITIONS TABLE 8.2
{6.6% SOL10S)

Sample No. Time (min.) Extraction (X)

Cu Fe Cr Ni In Cd
357-1 5 71.0 65.5 69.4 64.4 7.2 .1
357-2 15 75.2 7.9 74.1 67.8 76.7 85.7
357-3 30 79.4 76.2 78.6 1.6 81.6 $0.8 _
357-4 45 71.6 75.7 77.9 71.1 80.7 90.1
358 45 79.6 76.9 79.6 12.3 ° 819 92.6
(Repeat of 357)
358-1 5 11.2 13.4 17.1 70.3 18.7 89.3
358-2 . 15 78.3 75.9 79.0 72.4 8,7 91.3
358-3 30 77.1 75.1 " 18.4 11.6 79.5 90.2
358-4 45 75.9 74.3 77.3 70.5 18.7 88.4
358-5 60 18.8 77.1 79.7 72.3 81.6 91.1
Comparison to Design
Matrix Baseline
Conditions (Table 8.?2) 70.0 <« 4.8 74.6 ¢ 4.5 8.1 ¢ 3.6 69.2 ¢+ 5.4 77.7 ¢+ 8.0 83.3 2 6.7

Notes:

. 200C, 90 gp) 1250,
. 100 g sludge barrel 5/250 cc solution, 21.75% solids in sludge.
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TABLE 8.9. SLUDGE LEACH TEST AS A FUNCTION OF TIME: BASELINE CONDITIONS IN
TABLE 8.2 (16.2% SOL1DS)

Sample No. Time (min.) Extraction (%)
Cu Fe Cr Nt In Cd
252-1 10 $4.3 42.1 73.3 60.6 50.3 82.5
2 0 63.4 62.0 85.6 61.7 45.8 82.5
3 50 54.3 §2.2 65.2 §7.) 45.8 82.5
4 90 65.6 49.7 73.3 66.3 4.8 96.2
5 120 61.1 62.0 48.9 58.4 48.3 82.5
6 150 61.1 45.4 §7.1 1.6 48.3 82.5
1 180 63.4 §9.2 69.3 66.1 45.8 82.5
8 210 61.1 47.3 77.4 65.1 §2.8 96.2
9 240 61.1 47.3 13.3 n.17 51.0 96.2
10 270 61.1 42.4 17.4 $8.4 45.8 82.5

Notes: . 200C, 90 gp! MzSO;
. 200 g sludge, 22.72 % solids in sludge



TABLE 8.10. MASS BALANCE ON LEACH #532

Conditions of leach: -1000 qm sludge in 1250 cc of leach soh;tion {Barrel 2).

*Time : 30 min.
*Temp. : 43-53°C
*H,S0,  : 130% of solids, 1.e., 163cc H,50,
-10% MN()3
*ngitation:
1000 gm sludge {Composition: 18.27:0.44% fe, 5.53:0.33% Ni,
(23.19% solids) 2.80+0.14% A1, 11.47:0.47% In,
1.17+ .06% Cr, 7.84:0.40% Cu,
5 0.73+0.04% <4, 1.05:0.03% Ca,
4.54:0.44% P)

- 178 gm KNOB. 301.5 gm stc4

768 qm Hzo
28.97 am residue of composition: l
4.62:2.08% Fe, 1.6920.03% Nv, 4
0.98:0.02% Al, 1.28:20.07% Zn, <=S/L
0.2620.02% Cr, 1.2620.08% Cu, .
: i . - Solution Composition (dfluted to 5 liters):
0.46:0.10% Ca, 0.43:0.02% P 3.43 gpl Cu, 8.12 g0l Fe, 0.52 gpl Cr, 2.18 gpl Ni,

5.01 gpl Zn, 0.33 gpl Cd, 0.41 gpl Ca, 3.56 fpl °

Element Weight Balance (Grams)

Material Cu Fe Cr Ni In Cd Al
Starting Solid 18.18 42.37 2.Nn 12.82 26.60 1.69 6.49
Leacn Solution 17.15 40.60 2.62 10.90 25.05 1.64 6.50
Leach Residue 0.37 1.3 ).08 0.57 0.37 0 0.28
Unaccounted (%) -3.6 -1.0 -0.4 -10.5 -4.4 -3.0 +4.5

: 188
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Copper zxtraction (%)

100

8.6% Solids Initially

‘*4' . i: 44_1. —

13.2% Solids Initially

Figure 8.7.
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o
e
Note in Table 8.2 that baseline conditions -
are not optimum for maximum recovery.
| | | | ]
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Time (Minutes)

Influence of initial solid content on copper extraction from sludge as a function of
leach time: Baseline conditions table 8.2.



Conditions for a standard leach test were chosen and all subsequent
testwork was based on these conditions: Temperature, 45-50°C. produzed by
in-situ reaction heat and acid heat of dilution; time, 0.5 hr.; acid content,
100% of solid weight (this produces an acid solution in the pH range 0.5-1.5);
moderate agitation to suspend all solids in the solution phase; and a
sludge/liquid ratio of 0.8. A large number of leach tests, both in kettle
reactor and on a larger scale, confirm that sulfuric acid extractions are
excellent. A summary of a portion of these tests is presented in Table 8.11.

The leach procedure was found to produce pebble-like agglomerates of
unleached sludge if the sludge was slurried in water followed by addition of
acid then agitated. Extensive agitation failed to break up these agglomerates.
However, 1f the sludge was first exposed to concentrated acid then water added
to produce the desired acid con&entration. agglomeration did not occur. The
leach procedure adopted consisted of blending the solids; adding the solids to
the reaction kettle; adding concentrated sulfuric acid (this raised the system
temperature tu about 50-60°C) to the sludge; initiating agitation; adding
dilution water; then allowing reaction to proceed for one-half hour. All of
the sludge materials tested in this study responded well to sulfuric acid
leaching.

8.2.2. Large Scale Leach Testwork

Leach of 75-100 pounds of sludge in a single batch unit operation appears
to of fer no chemical or mechanical problems. The extraction is rapid and
controllatle. Excellent extractions are achieved for all metal values of
interest. Detailed experimental data for five large scale leach tests are
presented in Section 8.13. and are summarized in Table 8.11.

The test procecure is described in Section 5.1. Briefly it consisted of
blending a large sample of sludge material; sampling for moisture and chemical
composition determination; adding the sludge to a 120 liter or 270 liter
vessel; adding concentrated sulfuric acid slowly to the sludge; diluting with
tap water; and initiating agitation by an air driven one-horsepowar agitator.
Reaction was considered complete after one-half hour. All of the large scale
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TABLE 8.11. EXAMPLES OF METAL VALUE RECOVERY BY SULFURIC ACID DISSOLUTION

Sample No. Condition Metal Extracted (%)
fe Cu In 1] Cr Cd Al

533 100 g, pH=0.5 96.4 9.7 96.9 95.9 99.4 93.0 89.9
534 100 g, pHs=1.0 91.3 89.9 9.8 92.9 94.7 93.0 85.7
835 100 g, pH=1.5 92.0 93.7 95.9 95.9 96.5 93.0 87.1
942 650 g, pH=1.5 95.4 943.9 90.5 97.8 9.7 100.0 95.7
532 1,000 g, pil=1.5 95.8 94.3 9.2 85.0 96.7 97.0 96.0
2116 15,900 g, pli=1.9 62.3 75.9 03.8 82.4 84.6 * 90.0 90.3
2621 22,700 g, pH=1.5 65.0 92.0 96.9 92.1 92.3 100.0 98.6
2492 50,600 g, pH=).5 92.0 93.7 95.1 95.9 96.5 93.0 96.9
Note: . A1l sludge samples were undried.

. H2504 added equivalent to 100% of solid weight

. One-half hour, 40-509C
. Sludga/solution = 0.8



Yeach tests were continued by changing the system conditions to precipitate
jarosite into the leach residue.

The results of the large scale test show that metal value extractions
achieved were very good and that a significant decrease in solids results,
i.e., approximately an eighty-five percent decrease.

8.3. IRON REMOVAL (HIGH IRON BCARING SLUDGES)

Two major studies were conaucted to investigate iron removal from leach
solutions containing high concentrations of iron (10-20 gpl) and low
concentrations of iron (<5 gpl); jarosite precipitation (8.3.1) and solvent
extraction of iron (8.3.2). The jarosite precipitation removal of iron is
conducted as the first unit operation after leaching and may, in fact, oe best
performed concurrent with the leach process. The solvent extraction of iron
must be conducted after leaching, solid/liquid separation of the leach residue,
and solvent extraction of copper.

8.3.1. 1iron Removal by Jarosite Precipitation

A commercial technique used for rejection of iron from a metal bearing
solution is the jarosite process (1,6,7). There are many forms of jarosite but
commercially either ammonium jarosite, JH4Fe3(SO4)2(0H)6; sodium jarosite
NaFe3(SO4)2(0H)6; or potassium jarosite, KFe3(504)2(0H)6. are produced. The
advantages of the jarosite precipitation process are:

l. Ferric iron can be removed from an acidic solution
(pH = 1.5-2-5).

2. The product is a readily filterable form.
3. The precipitation is selective toward iron.

Jarosites are a group of compounds having the general formula:

A (H30) (| _yyFe3(50,),(0H) ¢

where "A" can be Na', K", NH,*, or H30+. The compounds are naturally occurring
and are very stable; they are often referred to as basic iron sulfates. The
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sodium or potassium ion is preferred in this project because of their
relatively low cost. The compounds most likely to precipitate from a sodium
containing solution are sideronatrite (NazFe(SO4)2(OH)'3H20). metasideronatrite
(NaaFez(504)4(0H)2'3H20), and natrojarosita (NaFe3(SO4)2(0H)6). The latter is
preferred because of its good filtering properties. The compound most likely
to precipitate from a potassium containing solution is the posassium analog to
natrojarosite, i.e., KFe3(504)2(0H)6.

The removal of iron by the jarosite process requires that the iron be
present in the ferric form; that the temperature of the solution be as hot as
possible (>90°C); that the pH be mcintained within the range 1.5-2.5; and that
residence times of several hours be allowed for good crystal growth (to ensure
good filtering properties).

8.3.1.1. Small Scale Kettle Testwork

A design matrix for sodium jarosite precipitation and the experimental
results are presented in Tables 8.12. and 8..3. As expected the important
variables are solution temperature, starting pH, and residence time. The iron
in the ‘leach solution is primarily ferric fons so the influence of hydrogen
peroxide is minimal. Note also (Table 8.12), that iron is the only element
appreciably influenced by the changing variaoles.

A considerable number of jarosite tests have been performed. Illustrative
examples are presented in Tables 8.12. to 8.25. In general two approaches have
been taken: (a) the sludge was leached under standard conditions, filtered and
a jarosite precipitation study performed on the solutions or (b) the sludge was
leached under standard conditions, and a jarosite precipitaticn study was then
inftiated "in-situ" leaving the leach residue solids in the reactor. The
advantage of approach (b) is that a product is produced that is easily and
readily filterable; approach (a) requires that the leach solid be removed prior
to the jarosite precipitation. However, the leach residue is very difficult to
effectively fiiter.

The precipitation of iron as a sodium jarosite from a leach solution,
Table 8.14., can be cumpared to precipitation in the presence of the leach
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TABLE 8.12. DESIGN MATRIX FOR JAROSITE PRECIPITATION: EXPERIMENTAL OATA (1/4 REPLICA)

i Tenp. Tise ¥a,50 Starting i
. L wo
§ (°c) ] (wrs) | tatolen.) oM %
L]
fare 90 2 X 2.0 10 ¢c
ynit - 1 X 0.5 10 Concentration in Solution (gpl)
High (<) [Boiling k K} 2.5 2 . .
Low {-; 0 X .9
Test # Fe Cu cr* | n Y ¢4 Al
94) 1 - - - - - 8.95 .88 :2 2,0 S.J 3 .00
[0 2 + - - + - . 18 .98 131 2.38 5.65 .13 18
[ ) - + - + + .20 .03 .20 | 2.48 5.03 3.28 2.18
13 3 ¥ ¥ = - + 4.83 2. . .58 5.80 3.35 .93 |
95y s - - + * +  li.60(8.53)]2.93(225)] 1.25 p.%8{2.55) s.73(6.00)]3.33(3.38) J2.00(2.28)
948 ) + - + - + 7.15 2.08 25 12,60 | 6.03 .43 ’.]0_1
949 7 - + + - - ). \E 3.13 .30 .48 §.88 3.28 .23
950 8 + + + + - 2. 35 2.90 .05 | 2.53 5.88 3.33 .85 _
951-4 Base 1.50{7.55)p. 18(3. 2001 .30 q.u(z.ts 5.85(5.88) |3.23(3.20) ] 2.20{2.28
Effect {gpl)
Fe -1.6 ] -n.8 | 0.2 -1.1 0.9 NOTE: -Starting solutfon composition (gpl)
- 3.2} Cu, 9.C9 Fe, 1.27 Cr, 2.50 Wi,
5.99 Zn, 3.34 Cd, 2.09 Al
*The leach sulution was doped with Cr and Cd so +200cc of starting solution, volume maintained
that their levels were significant and an at 200cc by adding salution adjusted to desired
evaluation of possible co-precipitates could be ]

determined.

P

-Solids washed on filter with 200cc 5% H2504
then diluted to 500cc (data corrected to
original leach volume) .

*2 gm jJarosite seed added
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TABLE 8.13. DESIGN MATRIX FOR JAROSITE PRECIPITATION: EXTRACTION FROH SOLUTION {1/4 REPLICA)
1
H Tesp. Tiae l.zso‘ Starting
g (%) | (bre.) hul;h.l‘ o ”202
Base 90 2 2 2.0 | 10cc *
Unit - | 1X 0.5 10
TR AN TIORCT W 5 > %0 Extraction from Solution (%)
{ow (-) ﬁ Q —
Test § F
93 1 - - - - = 2.
944 2 + - - + - 43.
[ ] - + - + + 32.0
946 4 T + - - + .
947 -J53 5 = - + + + 6.0(6.0)
948 § + - 4 - 4 2.0
[ﬁ? ? - + + - - 0
950 B + + + + - 14.0
51-2 Base 1.0(17.0)
1
Effect (X] NOTE: -Starting solution composition (gpl)
Fe 17.4 8.9 1.1 11.9 0.4 3.2 Cu, 9.09 Fe, 1.27 Cr, 2.50 Nf,

5.99 Zn, 3.34 Cd, 2.09 A

+200cc of starting solution, volume maintained
at 200cc by adding solution adjusted to
desired pH

-Solids washed on filter with 200cc 5% H2504

then diluted to 500cc (data corrected to
original leach volume)
*2 gn Jarosite seed added



TABLE 8.14. REMOVAL OF JRON FROM SLUDGE LEACIH SOLUTION BY SODIUM JAROSITE PRECIPITATION

. 961

Reaction
Time Solution
Sample {Hrs.) pH Concentration in Solution (gpl)
Fe Cu In Ki Cr Al Cd
896 0 2.1 8.61 3.80 5.77 2.69 0.58 1.39 0.39
897 1 2.0 3.45 2.97 4.57 2.14 0.38 1.07 0.30
998 2 2.1 .n 3.44 5.30 2.52 0.42 1.19 0.36
903 2.5 2.5 0.93 3.47 5.44 2.59 0.29 1.09 0.37
901 2.6 3.4 0.18 .34 5.49 2.66 0.10 047 0.38
NOTE: -Sludge Type A (Barrel 2)

+500 cc leach solution - exposed to Cl; gas to raise solutfon Eh to 1164 MV,
2.2 gm sodium jarosite added as seed

Temperature: 86-920C )

*Rafsed pH &t end of 2.5 hrs. to 3.4

4 gm NaCQa/gm Fe

-Solution volume kept approximately constant




residue, Table 8.15. The initial rate of iron removal appears to be greatly
enhanced when performed in the presence of the leach residue. However, these
particviar tests were performed at elevated solution Eh values and a large
fraction of the chromium was also precipitated, i.e., 83% and 86%. This effect
will be discussed under the sub-section (8.9) on oxidizing environments.

Copper and aluminum shows a decrease hecause of the formation of insoluble
phosphates (see Section 6.1).

Similar conclusions hold when considering larger scale testing, e.g.,
sodium jarosite precipitation from ten liters of solution showed 58% iron
removal in about 2.5 hours (Table 8.16) while in-situ precipitation showed 88%
{Table 8.17) iron removal in the same time period. Chromium loss to the
solids, however, showed a different result, §i.e., for the precipitation from
solution only about 15% chromium l1oss occurred but in the in-situ precipitation
about one-half was lost to the solids (no external oxidizing reagent was
supplied to either of these precipitations). The chromium, copper, and
aluminum losses are a result of the formation of relatively insoluble
phosphates.

Filterability of a leach residue product and a jarosite-leach residue
product is grossly different, {.e., filterability of a leach residue in a
filter press is extremely difficult (4.5 kg/mzlhr.) while filterabi1lity of a

leach resldue-jarosite product is much faster (22-55 kg/mz/hr.) Qualitative
test results are presented in Table 8.18. Another factor that is important for
f{]terability is initial iron content. This effect is noted in the results of
a series of tests presented in Tables 8.19. and 8.20. In actuality the
formation of a poor filtering product at high fron content is most likely due
to the rate of additior of reagents rather than the initial iron level. The
conclusion of Dutrizac(l) is that jarosite can be effectively produced in
solution containing 0.25-3.0 M Fe+3.

The choice of the precipitating alkali cation can be xa*, x*, or NHA’.
Precipitating testwork has been performed using each of the cations. Potassium
was chosen for the large scale test (but any of the three cations would be
ape~opriate) because according to Dutrizac(l) it forms the most stable
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TABLE 8.15. REMOVAL OF IRON DURING IN-SITU LEACHING

Reaction
Time Solution
Sample {Hrs.) pit Concentration in Solution (gpl)
Fe Cu In (1] Cr Al Cd
899 1 1.84 0.85 3.20 6.44 2.87 0.27 1.9 0.40
902 2.5 2,57 0.19 2.52 5.27 2.39 0.10 1.06 0.3
904 2.6 3.12 0.7 2.82 6.01 2.83 0.08 0.69 0.38

NOTE: -Sludge Type A (Barrel 2)
+200 gm sludge @ 23.7% solids in 250 cc leach solution containing 23.7 gm HySO4. Leached for
one-half hour at B59C before jarosite ppt was initiated by adding NaC0j3.
*4 gm NaCO3/gm Fe
-Cl2 added to raise Eh to 824 M.V. before uac33 added
+Starting solution composition {(gpl):
8.6 Fe, 3.8 Cu, 5.8 Zn, 2.7 Ni, 0.58 Cr, 1.4 AY, 0.4 Cd




TABLE 8.16. JAROSITE PRECIPITATION FROM CONCENTRATED LEACH SOLUTION: VEN LITER TESY

gp! Corditicn Concentration in Solution (gpl) and Extraction from Solution (%)
Fe Cu Cr Ni In Cd Al
gpt S Ext gpl X Ext gpl % Ext gpl % Ext gpl 3 Ext gpl % Ext gpl % Ext
980 Starting solu- 13.46 2.55 1.38 4.9 9.82 0.48 5.59
tion pH adjusted
to 2.6
981 40 minutes 1.52 2.lu 1.0% 3.94 1.96 0.37 4.51
982 105 5.44 1.93 0.98 3.a 7.61 0.36 4.10
983 140 3.60 1.54 0.73 3.0l 6.00 0.28 3.20
984 165 4.2 1.90 0.87 3.6 122 0.34 3.0
985 Final 5.71 §7.6 2.48 2.7 1.}7 15.2 4.74 3.5 9.62 2.0 0.45 6.2 5.07 9.3
(pH = 2.92) -

NOTE: -Sludge type A (Barrel 5) leaciied 30 minutes under standard conditions at 82°C. Solids
removed and solutfon (10t) reheated to 94°C
<134 oi;m 1iaC03 added and pH adjusied to 2.6
-Sample pulled as a fuaction of time, volume of solution adjusted approximately to starting
level before sampling. Time samples, thereiore, not considered precise.
*Volume adjusted during test period using water at ph = 2.6.
25 gm Jarosite seed added
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TABLE 8.17. JAROSITE PRECIPITATION IN-SITU DURING LEACH PROCESS:

TEN LITER TEST

Concentration in Solution (gpl)

Sample Condition
Time N
{min.) pH _Ffe_
teach
969 40 1.5 8.35
Jarosite Precipitation
970 25 2.6 (Adjusted) 3.07
9N 70 2.7 (adjusted) 2.48
972 100 2.8 (adjusted) 1.06
3 130 2.7 Gajureed) }'3)
974 165 2.7 (agjusted) 0.98
975 185 2.7 0.9

Cu Cr L] In Cd Al
1.68 0.90 3.22 6.49 0.3 .24
1.52 0.65 3.15 6.31 o.N 2.93
1.56 0.55 3.00 6.19 0.28 2.88
1.85 0.49 3.7% 1.70 0.36 2.1
2.55 0.66 5.46 11.00 0.54 3.64
2.76 0.71 5.69 11.53 0.52 3.07
2.19 0.5} 4.40 9.07 0.42 3.2
2.12 0.49 4.28 8.80 0.41 2.92

NOTE: -Sludge type A (Barrel §)
+5000 gm sludge leached 40 minutes under standard conditfons before jarosite reagents added

10 liters solution, 137 gm NaCO3, temperature 94°C

*Sample pulled as function of tfme, volume of solution adjusted approximately to starting level
before sampling. Time samples, therefore, not consfdered precise.

+Volume adjusted during test perfod using water at pH = 2.6




102

TABLE 8.18. POTASSIUN JAROSITE IN-SITU PRECIPITATION INTO LEACH RESIOUE:
RESULTS AND QUAL ITATIVE COMPARSION OF FILTERABILITY

Sample No. Condition Concentration (gpl) o Fiiterabilty
fe Cu Cr N In Cd Al
1228 Starting Solution: l5.26 §4 1.00 2.83 8.45 0.39 6.23 2.1  eceee
Standard one-half [Fe*?]=1.3 gp1
hour leach
1230 Four hcur exposure .74 4.35 0.62 2.0 7.22 0.)4 4.84 1.7 Very Fast

(Fet*])= 1.3 gp)
Series Repeat
1229 Starting Solution 14.34 4,97 0.85 2.24 6.80 0.21 5.28 2.2 ceecas

123 Four hour exposure 2.0 4.58 0.62 2.30 6., 0.3 4.720 1.7 Very Fast
(Fe**)= 1.3 gpl

(omparative Leaches

12338 One half hour leach 14.81 4.89 0.83 2.43 7.05 0.35 4.87 1.0 Very Slow
for filter comparsion [Fe** = 0.7 gp}
1234 Repeat of 12338 12.16 4.91 0.64 2.44 ?7.28 0.34 5.06 1.0 Very Slow

(Fe** = 0.7 gp

Notes: . Sludge barrel 2 leached one half hour under standard-conditions{pi « 1.0) then jarosite
conditions established.
. Filter conmparsion conducted on a four inch water aspirator filter. Qualitative filter rates are:
very fast - entire 900cc of Yeach solution cleaned of solids in <5 minutes;
very slow - entire 900cc of leach solution cleaned of solids in>) hour and several replaccments
of the filter paper required.



TABLE 8.19. POTASSIUM JAROSITE IN SITU PRECIPITATION: COMPARISON OF STARTING
JRON CONTENT IN LEACH SOLUTVION

Sample Condition Concentration {gpl) Filterabiiity

Cu Fe In L N{ Cd Al

15 gpl Fe Solution

2322  Starting Solutfon 5.45 14.96 6.24 6.45 1.63 0.08 0.27
2325  Final Solution, 6 hr. 4.2¢ 70.95 6.01 3.3 .76 0.08 0.10 Poor
10 gpl Fe Solution
2318  Starting Solution 3.55 10.31 4.2) 4.42 1.09 0.04 0.18
8 a3 Final Solution, 6 hr. .62 033 4an 3.36 1.36 0.05 0.13 Excellent
~
) 5 gp! Fe Solution
2314  Starting solution .73 5.60 2.3) 2.41 0.6 0.02 0.09
2317  Final Solution, 6 h.. 2.12 012 2.1 1.6 0.77 0.02 0.06 Excellent

NOTE: °-Each leach solutfon produced by varying the solid (Barrel 18)/1iquid ratto during the leach,
172 hr., 207C, acid content was 100 w/o of solid weight,
+Jarosite Conditions: >90%, 6 hrs., | gm K2504/gm Fe, solutfor oxidized with Hz0; (30%) during
last two hours of test, pH maintained 2.5 with KOH.
*The 15 gpl test solution pH overshot to 3 3. Probable reason for high loss of copper in final
Jarosited solution ond for the puor filterability,




€02

TABLE 8.20. POTASSIUM JAROSITE PRECIPITATION OF IRON AS A FUNCTION OF IRON CONCENTRATION
' IN STARTING SOLUTION

Sample # Conditions Concentration in Solutfon (gpl)

fe Cu N Cr In (] A
1056 Starting Solution 19.40 5.07 5.53 1.53 15.34 0.71 8.22
1160 4 Hr. Exposure --- --- --- - --- - ---

(unfilterable)

1161 Starting Solution 10.91 2.58 3.53 3.87 7.39 0.32 5.05
1165 4 Hr. Exposure 6.09 2.76 4.12 4.21 8.2 0.37 5.41

t

[Fe**] ~ 4.83 gp}

1166 Starting Solution 4.55 1.73 1.89  12.67 3.03 0.13 2,05
ne? 4 Hr. Cxpasure 2.66 1.62 1.84 Mn.e? 2.90 0.12 1.9

]
(Fet*) = 1.40 gpt

HOTES: -Leach solutions from standard leach on barrel 2 materfal; 1166 sample doped vith high chromium leach
solution from barrel 8 material.
<750 cc solution adjusted to pH =2.0.
+21 gm seed.
*Jemperatv-e: 90°C.
-Final soliss washed on filter pad. Extensive washing not performed.
*One gm K2504Igm Fe.




jarosite. The present work indicates a faster rate of iron removal using
potassium, Tables 8.21. and 8.22. Additional )arosite precipitation data
summary tabulations are presented in Tables 8.23.-8.25., i.e.,

‘Potassium jarosite In Situ Precipitation into Leach Residue: (Table 8.
23).

*In-situ potassium jarosite precipitation at initial pH = 3 (Table 8.
24).

*Comparative iron oxidation and jarosite in-situ precipitation (Table 8.
25).

8.3.1.2. Llarge Scale Tettwork

Solution iron content can be effectively lowered to the range of several
hundred parts per million by potassium jarosite precipitation. It would be
desirable to have a lower value but lower concentrations do not appear to be
achievable in large scale testwork. The presence of several hundred parts per
million iron 1s not a major prutlem because it will be coextracted with zinc
during solvent extraction; will not contaminate the zinc strip solution because
it will not be stripped by 200 gp! HZSO4; and can be stripped from an organic
bleed stream to rejuvenate the organic.

Detailed results for five large scale sequential tests are presented in
Section 8.14. A summary of metal value loss from leach solutions are presented
in Table 8.26; 5-7 hours of precipitation time resulted in 94.4-99.5% iron
removal; 10.6-13.3% copper loss, 0-5.6% nickel loss, 25.0-42.8% chromium loss,
0-2.5% zinc loss, and 1.9-29.3% aluminum loss. A portion of the metal value
loss is recoverable by acid Teaching. This was demonstrated by leach tests
performed on the jarosite product from sequential test series five. The
composition of the jarosite residue is presented in Table 8.27. and the results
of leach tests on the residue are presented in Table 8.28. Three fourths of
the copper is recoverable, two-thirds of the zinc, 18.8% of the chromium and
100% of the nickel by an acid leach (pH = 0.5).
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TABLE 8.21. JAROSITE PRECIPITATION OF IRON FROM A NOMINAL TEN GPL IRON SOLUTION (OXIDIZED)

Sample ¢ Condition Concentration (qpl)
Fe Cu Ni Cr In d Al
1177  Starting Solution 11.53 3.09 3.95 3.05 7.26 0.30 4.64
1181 Nni*. 4 Hours 5.28 3.15 4.18 2.95 7.67 0.30 4.63
1182  Ha*, 4 Hours 9.80 2.82 3.61 2.8 6.55 0.26 4.13
1183  Kk*, 4 Hours 2.39 2.70 3.61 2.4 6.70 0.28 4.08
1189  Starting Solution 10.90 3.40 4.72 3.28 7.94 0.39 4.85
1190 hHg*, 4 Hours 5.23 3.35 4.79 3.07 7.93 0.40 4.65
t
[Fe*t] = 0.09 gpl
1187  Starting Solution n.22 3.27 4.50 3.2 7.70 0.37 4.78
188 K, 4 Hours 3.01 3.30 4.93 3.0 8.27 0.42 4.76

¢
[Fet*] = 0.07 gp)

NOTE: -Leach solution from barrel 2 material.
+750cc of solution, pH adjusted initially to 2.0.
+2) g seed test.
-1 gm reagent/1 gm Fe.
*Temperature = 90°C.
+50 cc of 302 u.‘,oz added to each test sample.
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TABLE 8.22. JAROSITE PRECIPITATION OF IRON AS A FUNCTIOH OF TIME: HH4. &

Sample # Condi tions Concentration in Solution (gpl)
Fe Cu 1] Cr in Cd Al
1077 Starting Solution  25.00 8.67 7.42 2.86 16.63 1.04 6.93
Ny Test
1108 1 Hr. 17.14 8.28 6.91 2.66 16.97 0.99 6.94
1110 2 HNrs. 13.98 7.90 6.66 2.48 16.12 0.95 5.54
1112 J Hrs. 11.27 6.91 5.84 2.16 14.08 0.83 5.65
Hi 4 Hrs. (final after 12.04 8.13 7.15 2.61 17.07 1.03 6.87
filterina) s
. (Fe" ) = 7.7 qpl
K_Test
1109 1 Hr. 14.19 8.39 7.31 2.60 17.43 1.04 6.88
1 2 Hrs. 10.93 8.18 7.18 2.56 17.05 1.02 6.67
1nl 3 Hrs. 9.10 7.93 7.00 2.44 16.52 0.99 6.50
nis 4 lirs. (final after 8.26 8.07 7.09 2.44 16.81 1.01 6.6}
filtering) e
(Fe”"] = 7.7 gp)
NOTES: -Leach solution from standard leach on barrel 2 materfal.

<750 cc, pHt = 2 (initial). . .
-Approximately S0 gm. seed, source of seed was from 1092 (for NHg ), 1093 (K')
-Temperature: 85-92°C.

‘Final filtering included washing with pil 2 water. This was not extensive washing,

only enough added to recover solution to inftial 750 cc value.
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T/BLC 8.23. POTASSIUM JAROSITE IN-SITU PRECIPITATION INTO LEACH RESIOUE: INCREMENTAL INCREASE IN PH.

Sample Condition Concentration (gpl) pH

Fe Cu Cr N in Cd Al

1258  Starting Solution:
Standard 1/2 hr. leach nw.s, 333 0.62 153 4.95 0.2] 4.52

[Fe**t] = 0.5 gp}

1259 2 hr. exposure 3.03 3. 02 0.53 1.54 4.98 0.2 4.9 Initial = 1,52
Initial pH = 1.5 2 Final =1.28
{Fe™ ) = 0.05 gp!

1260 2 additional hours ex- 0.70 3.3 0.54 1.79 574 0.25 A4.77
posure, initial pH = 2.0 .
{Fe ") = 0.1 gp!

1261 2 additional hours ex- 0.23 4.57 0.58 2.40 .n 0.33 4.77 Initial
posure, initial pH = 3.25 . Final = 2.66
. (Fe"") = 0.2 gp}

"
w
.
~N
o

®OTL: -Barrel 2 sludge leached under standard condltions for one-half hour then conditions changed to favor
Jarusite precipitation; i.e., T = 88-92°C, 1 gm Kzsoqlgm Fe, 25¢cc of 30% Nzo2 added slowly.



TABLE 8.24. [N-SITU POTASSIUM JAROSITE PRECIPITATION AT AN INITIAL PH = 3

Sample Candition Concentration (gp!) Filterability
fe Cu Cr Ni In Cd Al
1278 Starting Leach {(1/2 hr.) 9.20 2.97 0.50 1.20 ¢.18 0.8 3.92
pH = 2.0
1281 6 hr. exposure to 0.35 3.72 0.35 1.84 6.3 0.27 3.35 Excellent

Jarosite cenditions
@ pH = 3 (final pH = 2.5)

NOTE: -Barrel 2 sludge leached under standard conditions for one-half hour, then conditfons changed to form
Jarosite precipitation.

*25¢cc of 30% "202 added slowly during test period.
-Temperature = 86-90°C.
1 gm xzso4/gm Fe,
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TABLE 8.25. COMPARATIVE IRON OXIDATION AND JAROSITE IN-SITU PRECIPITATION

Sample No. Condi tion Concentration {gp))
Fe Cu Cr N In cd Al

Oxidation by Cr207'

1317 Starting Solutfon 8.6 2.88 0.53 1.31 4.47 0.19 3.78
ife**) = 0.35 gp
1318 Six hour exposure 0.4 254 0.6 1.3) 4.48 0.13 2.49

(Fe*‘) < O.L.
Oxidation by uzoz

1319 Starting Solution 9.57 3.25 0.56 1.32 4.54 0.20 4.07
[Fe**]} = 0.28 gp)
1320 Six hour exposure 0.10 2.72 0.3 1.30 4.46 0.13 2.86

[Fe*t]) = 0.024 gp)

Notes: . Barrel 2 sludge leached one half hour under standard conditions, then conditions
established for potassium jarosite precipitation. Oxidant added dropwise beninning
four hours after start of test; 1.5 g K2Cr 0, added per gram of fron, 25¢c -30% H,0,/950cc
solution. ) 22
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TABLE 8.26. METAL VALUE LOSS DURING LARGE SCALE JAROSITE PRECIPITATION

Sample No. Condition Metal Value Precipitation (%)

Fe Cu Ni Cr in Cd Al

1371 Series One

Sequential Test

{Table 8.121) 99.5 . 13.3 0.0 25.0 0.8 0.0 1.9
5 Hr precipitation,

starting Fe; 14.00

gpl.

2125 Series Three
Sequential Test
(Table 8.125) 95.6 10.6 4.5 42.8 0.0 0.0 15.2
6 Hr precipitation,
starting Fe; 5.21 gnl.

2126 Series Four
Sequential Test (Table 8. 126)
6 Hr precipitation, 96.3 2.7 5.6 1.0 2.5 0.0 21.3
after 8 hr settling. .

2494 Serie Five
Sequential Test
(Table 8.127) 94.4 N.7 0.0 25.8 0.0 0.0 29.3
7 Hr precipitation,
starting Fe; 9.73 gpl.

Note: . Detailed results presented in Section 8.13.
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TABLE 8.27. JAROSITE RESIDUE FROM SEQUENTIAL TEST SERIES FIVE

Sample No. Concentration in Solids (%)

Cu fe in Cr Ni Ca K
2611 2.74 19.23 0.26 3.07 0.03 1.37 .22
2649 2.85 12.55 0.27 3.7 0.04 1.2 6.4)
2650 2.13 19.10 0.27 3.10 0.05 1.21 6.15
265) 2.88 20.47 0.29 3.33 0.03 1.22 6.45
2657 2.88 20.41 0.29 3.32 0.03 1.22 6.54
Average

Composition 2.81%0.c7 19.75%.72 0.28%0.01  3.26%0.17 9.04%0.00 1.22%0.12 6.35%.19
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TABLE 8.28. RELEACH OF PRECIPITATED JAROSITE RESIDUE

Sample No. Condition Extracted From Solid (%)
Cu Fe - In Cr Ni Al

2611 Starting Solid Composition R R . . N .
(Avg. Five samples) 2.81-0.07 19.75-0.72 0.28-0.01 3.26-0.17 0.04-0.01 1.50-0.06

2698 pH = 0.5 (Initial) 75.0 11.5 66.7 18.8 100.0 13.0
pit = 0.7 (Final)

2701 pH = 1.5 (Initial) 25.0 59 33.3 1.2 0.0 2.0
pH = 1.7 (Final)

2701 pH = 2.5 (Initial) 0.2 0.0 0.0 0.0 0.0 0.0
p = 3.4 (Final)

Notes:

. 10 g $01id/100 cc solution, 25°C, 18 hour exposure.
. Sequential test series five jarosite solid chosen for releach study.



8.3.2. 1lron Removal by Solvent Extraction

It has often been stated that practically all metallurgical flowsheets
require a series of steps to successfully solve the probler of iron removal.
It {s true that in some mixed metal sludges iron is not an important
constituent. [f that is the case then the flowsheet presented in Figure 6.1.
would be appropriate without the jarosite precipitation step. However, it is
true that a plant that will be treating mixed metal sludge materials must have
a way to reject iron. If the iron content is high (a solution is produced that
contains several gpl Fe) then its segregation ran be via the jarosite (or
Geothite) process. However, the use of the jarosite precipitation process
results in an iron bearing solution of a few hundred parts per million.
Removal of the residual iron content is required. Removal can be accomplished
by solvent extraction using one of two reagents, DZEHPA or Versatic Acid. A
major experimental investigation was conducted on low iron bearing solutions
(that were not previously treated by jarosite precipitation). This study is
discussed in Section 8.4. The content of this section will, therefore, be
limited to iron and zinz coextraction from jarosited solutions by DZEHPA. A
short discussion will be presented using Versatic Acid.

DZEHPA

Of the two reagents only DZEHPA is being used commercially to extract iron
from a solution, e.g., Tecnicas Reunidas uses a solvent extraction process to
remove the iron from a zinc leach liquor at its Espindesa operation(34). Their
flowsheet is presented in Figures 8.8. and 8.9.

The anticipated selectivity of DZEHPA for iron is shown in a qualitative
way in Figures 8.10a and 8.10b. The figure suggests that iron should be
selectively extracted from other metal values at a pH 1 or fron and zinc
should be co-extracted from the other metal values at pHV 1.5.

DZEHPA was investigated as an extractant for iron early in the present
experimental study. A design matrix is presented in Table 8.29. The design
matrix verify, on a small laboratory scale, the selectivity of
DZEHPA-DeconOI-Kerosene mixtures for iron. This conclusion is further
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VABLE 6.29. DESIGN MATRIX FOR D,EHPA EXTRACTION OF SRON FROM SLUDGE LEACH SOLUTION (1/8 REP_ICA)

i DEMPA Iype | Decanol Rix Rix Leech
H Kerosense Hee Tesp. Solution
] ) ) (oin.) | (o) on
KERMAC Results: Eatraction from Solution (%)
Base 20 470-8 10 2 40 1.70
Uait 5 10 ] 5 0.20
High {.) | 25 470-8 20 3 55 .90
Tow 1-J | 15450 .50 _
Test ¥o. Cu fe Cr . N n C¢
321 1 - - - - - - ) (0.2 [ O R
I 2 [ - < 7 s ¥ 1.3 0 3.8
30| ) - ¥ - ¥ ¥ - 0 fesoy _0 ' ks (3.3)
[T . + + - - * ¥ — 0 {33. 0 1] 3.5 1]
132 5 - - + + 4 + 45. 4 ( [V 0 0
M ] + - + - + - ) 42, [t 2 [1 0
3% ? + + $ 4 - - ] 0 0 f) 0 0
328 8 Q__110.0 0 0 0 0
327 ] Base O_izz.ﬁ 0 0 2.0 0
Man. Cup. | 14, 3% 117.5%) s6.1 15.0 15,5 1.0
f Variable
Ef-:c“ 0 0 0 0 ) 0 HOTE: -Sludge Type A
Fe #%$.81-98 | -8.0 +11.0 9.5 5.1 -Initial Solution Composition {gpl):
Cr 0 0 Q 0 0 0.04 Cu, 3.90 Fe, 0.49 Cr, 2.24 Ni,
Ni 0 " 20 OQ 102 o | 0.2) Cd
‘Z::L :&7 ‘62 (',g oﬁ Jﬁl_ «Organic/Acueous = 1; 50 cc each

*Test 5 Ouplicated

-Observations on Phase Separation
Presented in Appendix Table 8.27.



TABLE 8.30. OBSERVATIONS ON PHASE SEPARATION: DESIGN MATRIX VESTS (TABLE 8.29)
FOR IRON REMOVAL USING DZEHPA

Test # Observations
] Some Muck*
2 Poor Separation, Very Mucky
3 Good Separation
4 Fair Separation
S Poor Separation, Very Mucky
~ 5b Some Muck
® 6 Good Separation
7 - “
8 " -
Baseline A " "
Baseline B . .
Baseline C . "

*Muck = A l1ayer of organic-aqueous that disappears slowly.




substantiated by data presented in Figure 8.11 depicting the influence of pH on
fron extraction for a single contact shake test. A large number of extraction
shake tests were conducted and the results are reported in Section 8.3.3.

The extraction study was followed by a study of the stripping
characteristics of the organic phase. The strip tests immediately showed that
ferric iron is very effectively extracted from the leach solution using DZEHPA
but cannot be stripped from the organic phase by sulfuric acid. The detailed
results from an extensive series of tests are presented in Appendix 8.3.3.

The conclusion from the testwork is that iron cannot be stripped from
OzEHPA by sulfuric acid. This result is in agreement with literature

sources(35) but 1s not in agreement with patents dy Reinhardt(35).

Iron, however, can be effectively stripped from DZEHPA by hydrochloric
acid(34). Experimental results are presented in Table 8.31. The ability to
strip iron (and aluninum) from the organic pnase means active reaction sites
can be ragenerated and the organic phase can be recycled for further iron and
zinc pick-up.

Zinc can be stripped in preference to iron from a DZEHPA organic phase
using sulfuric acid. This result is presented in Table 8.32., f.e., 2inc is
effectively stripped by sulfuric acid but iron is not stripped. The importance
of the fact that iron and zinc bearing organic solutions can be selectively
stripped of its zinc content by use of sulfuric acid and then stripped of its
iron contert by hydrochloric acid is that solvent extraction can be applied to
a mixed metal solution (including iron). This fact allows an appropriate
treatment scheme to be developed for iron-chromium sludge materials without
using a jarosite precipitation unit operation: i{.e., for a high chromium
bearing sludge the treatment sequence would be: leach; SX of copper from the
aqueous phase with an oxime reagent; SX of iron and zinc from the aquaous phase
using DZEHPA; selective stripping of zinc from the organic phase by sulfuric
acid followed by stripping of iron from the organic phase by hydrochloric acid
solution.
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Contact Conditions:
pH = 1.5 pd » 1,25 pll « 2.0
60 = Eleaent Conc.(gpl) txt{3) Conc.{gpl) Ext{%) Conc.(gpl) Ext({%im
Fe 0.95 13.3 0.26 92.9 0.062 98.2
- Cu 0.026 0 ¢.02? 0 0.028 0
= cr 0.:3 ()} 0.47 0 0.09 80.8
- CH 1.52 )} 1.68 0 0.40 75.6
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| | L
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Initial pH
Figure 8.11. Influence of pH on iron extraction by D,EHPA.
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TABLE 8.31. FERRIC IRON STRIPPING FROM DZEHPA WITH HCL

Saple No. Condition Concentration (gpl)
Fe I _Cu_ Cr Hi Cd Al
1322 Starting Solution 4.09 2.85 1.16 0.29 1.04 0.14 1.54
Iron Loading
1323 Contacted with DEHPA
(20 v/0); O/A = 2,
400, pH = 2.18 0.32 .75 .15 0.28 1.04 0.%4 .37
HC) Stripping ' .
13254 Contacted with
4N HC1; 0/A = 0.5, 40°C  0.80 0.26 0.004 0.002 <OD.L «D.L 0.043
13258 Repeat 0.88 0.3 0.008 0.003 0.001 <D.L. 0.053
Strip Recovery (%)
1325A 8 94 .- ces .- 100
13258 94 100 .- .- --- .- oo
Notes: . All concentrations reported for the aqueous phases.
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TABLE 8.32.  BENCH SCALE SEQUENTIAL SOLVENY EXTRACTION TESTWORK: COPPER AND ZINC REMOVAL

Sample Ko. Condition Concentration (gp! in Aqueous Phase)
Cu Fe In Ni Cr Cd Al

1466 Jarosited { Barrel 14) 3.4 1.44 9.37 4.95 0.5+ 0.52 1.58
Leach Solution

1467 Diluted 1466, pH » 1.75 1.56 0.69 4.99 2,75 0.27 0.24 0.6
Cu SX

1468 LIX 622 (10 v/o) contacted 0.02 0.69 5.00 2.74 0.27 0,25 0.64
with 1467 (0/A = 1) -

1469 LIX 622 (10 v/o) contacted 0.004 0.68 4.93 2.Nn 0.26 0.25 0.63

with aqueous from 1468
(0/A s 1}. Initial pH of
equeous adjusted to 1.75

In SX: DENHPA {30 v/o)

Extraction

1470 Aqueous 1469 ddjusted to 0.001 0.63 .71 2.76 0.27 0.23 0.55
pH = 2; then contacted
(first contact) with DEHPA
organic (0/A = 1)

1475 Aqueous 1470 adjusted to  <D.L. 0.57 0.32 2. 0.27 0.19 0.39
pH = 2; then re-contacted ,
(2nd contact) with DEHPA
Organic (0/A = 1)
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TABLE 8.32.

-CONTINCED

Sample No.

an

1479

un

1473

1472

1474

Conditon

Aqueous 1475 adjusted to
pH = 2; then recontacted
{3rd contact) with DEHPA
organic (0/A = 1)

Aqueous 1477 adjusted to
pH = 2; then recontacted
{4th contact) with DEHPA
organic (0/A = 1)

DEHPA Organic Strip

Organic 1470 (1st extrac-
tion contact) stripped
with 200 gpl H.‘,SO‘

Above organic (1471)
stripped second time with
200 gpl u2504

Org- “V70 {Ist extrac-
tion .  act) stripped
with 150 gpl M.‘,So4

Above organic (1472)
stripped second time with
150 gpl 1,50,

Concentration {gpi in Aqueous Phase)

Cu Fe In N Cr Cd A
<D.L. 0.44 0.03 2,59 0.25 0.12 0.16
<D.L. 0.35 <D.L. 2.75 0.27 0.05 0.04
<l ppa <0.0) 3.50 <0.0) <0.01 0.02 0.0l
<lppm <0.0) 0.0l <D.L. <D.L. <D.L <0.01
<0.01 <0.01 3.36 <0.01 <0.01 0.02 <0.01
<) ppm <DL, 0.0 <D.L. <D.L. <D.L. <0.01
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TABLE £.32. CONTINUED

All concentrations are given for the aqueous phase after the designsted contect.
0/A = 1, Anbient temperature, contact for 3 minutes for all tests.
500 cc of solution contacted.

Sample No. Condition Concentration {gpl in Aqueous Phase)
Cu Fe In Ni Cr Cd Al
1476 urganic 1475 (2nd extrac- <1 ppm 0.01 1.39 0.0) <0.01 0.04 0.04
tion contact) stripped with
200 gpl HZSO4
1477 Organiz 1477 (3rd extrac- <D.L. <0.01 0.25 <0.0t <0.0! 0.05 0.05
tion contact) stripped with
200 gp? N.‘,Sl‘l4
- 1480 Organic 1479 (4th extrac- <1 ppm <0.0) 0.03 0.02 <0.01 Q.07 0.02
tior contact) stripped with -
200 g, . HZSO4
Notes:



Iron can also be stripped from DZEHPA by use of a reductive stripping
technique modeled after reduction stripping used in industrial uranium
recovery(37). The results are presented in Section 8.3.3. This technique
results in adding iron to the strip solution and, therefore, requires that a
disposal technique be developed for the strip (HZSO4) solution. The reader is
referred to Appendix 8.3.3.7. if interested in details of the study.

VERSATIC ACID

Potent:ally iron can be removed by soivent extraction from an acid
solution by Versatic 911 - kerosene mixtures. An equilibrium distribution
diagram is presented in Figure 8.12. A selective separation of iron from Cu,
Cd, Ni, Zn appears possible using Versatic 911 as the extracting reagent. The
selectivity for iron requires the pH to be approximately 2.5. The problem with
this approach is that the iron product must be further treated, i.e., a
solution of ferric sulfate is produced by sulfuric acid stripping or a solution
of ferric chloride is produced by hydrochloric acid stripping. The advantage
of the previously discussed jarosite process over solvent extraction is that a
readily disposable solid product is produced in the jarosite precipitation.
Thorsen(3°) and Teireira(38) has described a process for stripping Versatic
acid of its iron content by a process called hydroiytic stripping; see Figure
8.13. The advantage of the procedure is that solid Fe203 is produced. The
disadvantage of the process is that the stripping operation must be conducted
under autoclave conditions.

Experimental work was not performed in the present study using Versatic
Acid for iron removal nor is such a process presently used commercially.
8.3.3. Support Data: QZEHPA Load/Strip Testwork. Summary of
Testwork on Fe + Zn Extraction

8.3.3.1. Fe Extractions: Solution Preparation

The initial goal of this experimental work was to extract iron from
copper-free raffinate using DzEHPA in 470B. A batch of leach solution (14 1)
was prepared for this study by the standard methud, and then copper was
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extracted in the full scale SX unit. Copper was extracted in two stages using
L1X-622 at 15 v/o, and stripped in one stage with 200 gpl acid. This technique
satisfactorily removed selectively the copper (Table 8.33).

The test provided operating experience with the large SX unit,

8.3.3.2. Fe Extractions: Influence of pH

Samples of the leach solution were adjusted to four pH values, 1.4, 1.6,
1.8, 2.0. They were then contacted for three minutes at an organic/aqueous
ratfo of one using 25% DZEHPA in KERMAC 470B kero-ene at room temperature.
When carried out at this low temperature the extractions were quite good (as
indicated by pH change), but the phase separations were slow. B8y heating the
flasks to 38°C and re-mixing, the separations became rapid (less than two
minutes). The tests were qualitatively examined by determining the change in
pH that occurred in each contactor. These changes are indicated below. The pH
values at 38°C indicate that 1ittle additional loading occurred during the
second three minute shake period.

Original pH Final pH at 25°C Final pH at 38°C
1.4 1.28 1.28
1.6 1.32 1.32
1.8 1.35 1.35
2.0 1.41 1.41

The pH changes were converted to an’ and plotted in the graph below,
which fndicates an abrupt increase in extraction at pH 1.8.

Experimental extraction data are presented in Table 8.34. Iron is very
effectively extracted at all pH values.
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TABLE 8.33. FIRST LARGE SYSTEM (1 GALLON MIXER-SETTILER) TEST FOR COPPER

EXTRACTION USING LIX 622

Conditions: 15 y/o LIX 622
85 v/o KERMAC 4708
Two Stages of Extraction
One Stage of Strip

pH of Leach Solution into System: 1.75
Temperature : 25°C
Solution Flow Rate : 250 cc/min,
Total Volume Treated + 14 liters )
Strip Acid s 200 gph sto‘
Cu Fe L] an_ Cr Cd_
Original Feed {gp1) 2.73 6.10 1.90 4.04 0.42 0.24
Raffinate (gpl) 0.043 6.14 1.94 4.12 0.42 0.25




TABLE .34, DZEHPA EXTRACTION FROM SLUDGE LEACH SOLUTIONS (COPPER FREE) AS A
FURCTION OF PH

622

 Sample pH Concentration in Solution {gpl) after Organic Contact

Start Final Fe In Cr Nt Cd Al
589 g::::‘l’: 6.18 4.3 0.4 2.00 0.27 1.05
585 1.40 1.28 0.18 n 0.3 1.83 0.28 0.94
5A5 1.60 1.32 o.M 3.67 0.38 1.90. 0.26 0.93
£8? .8 1.3 0.08 ¥ 0.3% 1.78 0.24 0.89
588 2.00 1.1 0.08 .68 0.3 1.97 0.26 0.94

NOTE: -Organic: 25 v/o DENPA
75 v/o KERMAC 4708
+Contact Tiee: 3 min. .
*Temperature: 25°C
«0/A = |, 50cc each




Fe extraction series
.0270 -
.0260 -
afn") Effect of initial pH
on [H*] transfer with
-0250 - 25% DEHPA in 4708
.0240 -
.0230 - T . y . n n
1.4 1.9 1.6 1.7% 1.8 2.0

Initial pH

8.3.3.3. Fe Extraction: Influence of DZEHPA Content

Cu free raffinate (pH = 1.75) was contacted with an organic/aqueous ratio
of one at 40°C with 25, 30, 35, and 40% DZEHPA in 470B. Final raffinate pH
values were 1.41, 1.36, 1.34, and 1.35, indcating that 30% DZEHPA was probadly
sufficient to pick up most of the Fe+++, Table 8.35.

Two of the tests (25% and 40%) were repeated holding the pH constant
during the extraction by acjusting back to 1.75 after one minute of contact.

8.3.3.4. Fe Extraction: Stripping Series

The data obtained in the influence of pH test series and in earlier work
indicated that Fe could easily be extracted, perhaps not to 0 gpl in raffinate,
but at least to less than 1 gpi. It was assumed that 25% DZEHPA at 40°C.
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TASLE 8.35. INFLUENCE OF DEHPA CONCENTRATION OR LXTRACTION FROM SLUDGE LEACH SOLUTION
{COPPER FREE) AT PH = 1.75

Sample DEHPA Concentration in Solutfon After Organic Contact (gpl) 23_“
Fe In cr N cd Al
589 {Starting Solution) 6.18 4.4 0.41 2.00 G.27 1.05 1.75
590 25 v/o 0.95 .9 0.38 1.89 0.25 0.94 1.4
591 30 v/o 0.53 3.25 0.39 1.93 0.26 0.94 1.36
£92 35 v/o 0.45 2.30 0.37 1.66 0.23 o.Nn 1.3
593 qu v/o (;.29 2.28 0.38 1.69 0.23 0.722 1.3§
(Controlled pH) ) .
594 25 v/o 0.82 2.07
595 40 v/o - 0.70 1.78

NOTE: -DEMPA mixed with Kermac 4708
*0/A = 1, 50cc each
Temperature: 40°C
594, 595 controlled @ pH = 1.75
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TABLE 8.36. SIMULATED CONTINUOUS LOAD/STRIP TEST USING 405 DEHPA ON COPPER FREE LEACH SOLUTION
Sample Description Concentration (gpl) after Organic Contact (or stripping contact)
fe In
gp)_in Aqueous gpl loaded 1n Organic gpl in Aqueous Gpl loaded in Organic
589 Starting Solution 6.18 ---- 4.34 ~ea.
612 tn .55 5.63 2.65 1.69
613 Ey2 1.53 4.65 4.48 -.14
614 €13 4.4) 1,77 3.84 0.50
12,05 7.05
615 m 0.42 1.53
616 Sy2 0.24 0.06
617 S13 0.30 0.0
.98 (8% stripped) T.52 (79.0% stripped)
618 En an 1.4 2.712 1.62
619 €22 4.78 1.40 3.92 *0.42
620 £23 5.29 0.89 4.74 =-,40
370 T.63
621 21 0.73 1.4
622 $22 0.53 0.20
623 S23 0.50 C.04
T.78 (123 of total stripped) T.58 (76% of total stripped)
624 €3) 3.54 2.64 3.90 0.44
625 E3 4.31 1.87 4.05 0.29
626 £33 4.16 2.02 ° 3.80 0.54
.53 T.27
WOTE:™ +25 v/o DENPR In 4708

- Temperature: 35-40°

‘pH (initial): 1.75 for loading from aqueous phase -

«0/R = 1, 50 ¢¢ each

-Organic loaded via 3 contacts with fresh leach solution (€ series)
-Organic stripped via 3 contacts with (A/0 = 1) 300 gp) 2S04 (S serfes)

+Three series of load and two serfes of strip tests conducted




probably with some Deconol, would be suitable, and even though there was no
isotherm available, three stages of extraction seemed reasonable.

Up to this time, however, there had not been many stripping tests carried
out, so this series of tests was an attempt to understand stripping behavior.

A simulated continuous cycling test was carried out by contacting one
volume of 40% organic three times with Cu free 1.75 pH solution, the organic
phase was then stripped two times with 300 gpl acid. Extraction was repeated,
" then the organic was stripped again, and finally loaded for the third time.
The results are presented 1n Table 8.36. pH changes in the raffinates were
essentially similar for each of the three contacts and the analytical data
indicated fairly good extractions. However, only a few percent of the iron
could be stripped.

8.3.3.5. Fe Extraction: Three-Stage Contacting

Copper free activated carbon treated (pH 1.75) raffinate was contacted
three times with fresh 25 v/o (and a second test was made using 40 v/o) DZEHPA
organic. The pH change was measured on each raffinate.

The separations were quite rapid, and it was found that a small amount of
muck formed but if it was separated after the first contact, no further muck
developed.

Evidently most of the extractable iron (Fe’+’) was picked up in the first
contact, with very little more occurring in the second and third stages. Zn on
the other hand was progressively extracted; apparently Fe"'3 loads first, then
2inc 1s loaded. The results of these cests are presented in Table 8.37.

8.3.3.6. Fe Stripping

Each of the three organics from the 25% and 40% extractions were stripped
with 40% HZSO4 {0/A = 10) in order to get some Fe** colour into the strip
solution. The phase separations were rapid and color did appear in the strip
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TABLE 8.37. DEHPA EXTRACTION OF IRON AND ZINC: THREE STAGE CONTACTING

Samgle

657

651
652
653

654
655
656

Concentration 1n Solution (gpl) after CLontact {(0/A = 1) and

Description Extraction from Solution (%)
fe ' in
apl % Ext. ggl % Ext.
Starting Solution , pH=2.2 5.64 ---- 3.85 ce--
25 v/o DEHPA
1st Contact 0.86 84.8 .13 46.5
2nd Contact 0.64 25.6 1.87 40.2
3rd Contact 0.66 0 1.27 32.0
Total Extracted 88.3% Total Extracted 67.0%
40 v/0 DEHPA
1st Contact 0.75 86.7 2.33 60.2
2nd Contact 0.65 13.3 1.1b 49.4
3rd Contact 0.61 6.1 0.61 48.3
Total Extracted 89.2% Total Extracted 84.2%

NOTE: -Copper free leach solution contacted three times with fresh organic.
*Temperature: 409C, 0/A = 1, 50 cc each phase.




from the first contact organic. Very little iron, but virtually all of the
zinc was stripped; Table 8.38.

8.3.3.7. Fe Stripping: Variable Deconol Content

In previous work it had appeared that the presence of Deconol was
deleterious to iron and zinc extraction but improved the stripping, so a series
of tests were performed with various contents of Deconol in 25% DZEHPA.

First the organic phase containing 5, 10, 15, and 20% Deconol was loaded
by contacting with Cu free raffinate at 40°C. Tren the organiz was stripped
with 40% acid (0/A = 10).

These data agree with the previous results that Fe+3 stripping can be
tncreased with Deconol but the degree of stripping is still poor; Table 8.39.

8.3.3.8. Reductive Stripping of Ferric Iron From DZEHPA

Removal of ferric iron from DZEHPA can be accomplished by use of
hydrochloric acid. It can also be accomplished by reductive stripping. A
number of experimental tests were performed to illustrate this fact, Tables

8.40 and 8.41 and 8.42.

If sulfuric.acid is contacted with iron powder; the iron is filtered from
the solution; then the solution is immediately contacted with the iron bearing
organic phase, the ferric iron is stripped from the organic (Table 8.40). The
disadvantage of the process is that fron is added to the strip solution.
Similar tests were concluded using zinc (Table 8.41) and nickel (Table 8.42)
rather than iron. Neither was very effective.

A study was also conducted to determine if ferrous iron was extracted from
an aqueous solution by DZEHPA (Table 8.43). Ferrous iron was not extracted.
Strip tests using a reducing acid, i.e., sulfurous acid, were performed on
ferric loaded DZEHPA. Removal of ferric iron was unsuccessful (Table 8.44).
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TABLE 8.38. DEHPA STRIPPING OF IRON AND ZINC (SEE TABLE 8.34 FOR LOADING DATA)

Sample

658
659
660

9€e

661
652
663

Concentration in Aqueous Strip (gp1) after One Contact {0/ A = T0) and

Condition Extraction from Loaded Organic (%)
Fe in
gpl 2 Stripped gp! %Stripped

25 v/o DEHPA
Organic from 651 Stripp~d 0.29 ] 6.45 89.6
Organic from 652 Stripped 0.029 1 9.23 73.3
Organic from 653 Stripped Sample Lost Sample Lost

40 v/o DEHPA
Organic from 654 Strippad 0.14 0.5 12.5 82.2
Organic from 655 Stripped 0.017 2 6.93 60.2
Organic from 656 Stripped 0.012 3 3.51 61.4

HOTE: +40% HpSO4 strip used. Each of the six organics from Table 8.37 stripped.
-Temperature: 400C
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TABLE 8.39. INFLUENCE OF DECONOL ON IRON STRIFPING FROM DEHPA

Sample Condition Concentration in Aqueous Strip (gpl) and Percent Stripped from Organic
Fe
qpl % Stripped from CGrganic
§57  Starting Solution 5.64

5 v/o Deconol

664 Raffinate 1.69

665 Strip 1.51 3.8
10 v/o Deconol

666  Raffinate 2.20 )

667  Strip 2.37 6.8

15 v/o Deconol

668 Raffinate 1.4
669 Strip 6.58 14.6

20 v/o Decono)

670 Raffincte 1.28
on Strip 6.75 15.5

HOVE: KT tests used 25 v/o DERPA, variable amounts of Ueconol, remainder XKermac 870 8
-Temperature: 400C
.Copper free leach solution contacted (0/A = 1); then organic stripped with
403 1,50, (0/A = 10)
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TABLE 8.40. REDUCTIVE STRIPPING OF DEHPA. PRELININARY TESTS: [IRON REDUCTANT

Sample No. Condition Concentration (gpl)
Fe Cu Cr Ni In Cd Al
1336 Starting solution 4.0) 1.05 0.28 1.00 2.74 0.12 1.40
oxidized with uzcz.
pH = 2.22
1338 Contacted {1336) 20 v/o 0.85 C.96 0.25 0.92 2.09 o.n 1.24

DEHPA, 80 v/o KERMAC
4708, pH = 2.2, O/A = 1,
2 minutes, aqueous phase

(pH = 1.04)

Loaded organic phase 3.16 0.09 0.03 0.08 0.65 0.0V 0.16
1339A 200 gp! H2504 contacted 2.25 < D.L. 0.006 0.002 <D.L. <D.L. <«D.L.

with iron powder 5 minutes,

filtered
1339 1339A solution contacted 6.83 0.003 0.0t 0.005 0.49) < O0.L. 0.048

with Fe loaded DEHPA o

Stripped (%) from DEHPA 100 76

(complete)

Notes: . 50 cc of oxidized leach solutfon contacted with 50 cc of 20 v/o DEHPA, O/A = 1, pH = 2,2
. Loaded organic (50 cc) contacted with 50 cc of 200 gpl sto which previously been contacted
with tron powdwe. Contact with organic made irmediately afeer iron-sul furfc acid contact.
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TABLE 8.41. REDUCTIVE STRIPPING OF DENPA: SULFURIC ACID CONIACTED WITH ZINC AND IRON

. Sasple No. Condition Concentration (gpl)
fe Cu Cr Ni in Cd Al
1424 Staerting Organic; 20 v/o  3.77 een cene seen 1.10 seee 0.17

DEHPA, 80 v/o0 4708;
Contracted solution 1322,
409C, O/A = 1, 2 min.

Zinc Reactant

1415 Solution 1424 contacted 0.05 coee aeee -ene 0.70 cese 0.004
with 200 gp} H2504 (pre-
treated with 1 gpl 2n
then filtered: 0.16 gp}
In dissolved)

1416 As above, except sulfuric 0.02 cese eece eeee 1.09 eeee 0.006
acid solution pre-treated
with 10 gpl Zn: 0.57 gp!
In dissolved

Strip Recovery (X) {1415) 13 <--- cene cene 56% coen ane-

(1416) 0.5% --- ceea eoae 66% cmee aees=
Iron Reductant

1417 Solution 142} contacted 0.46 eve= =eee seee 0.73 seee 0.014
with 200 gp! u2501 (pre-
treated with 1 gpl Fe,
then filtered: 0.33 gpl
Fe dissolved
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TABLE 8.41, COHITNUED

sanple No.

1418

1419

1420

(21|

Condition

(concentration (gpl)

fe Cu Cr Ni In Cd Al
As above except sulfuric 4.07 coee ceee aese 0.60 soes 0.009
acid solution pretreated
with 10 ?pl Fe: 0.46 gpl
Fe dissolvad
Strip Recovery (%) (1317) 13 -=-- ceme oo 662 eone e=ee

(1418) 963 ---- ---- cee- 113 ceee --e-

Sequence Test
Stripped loaded DEHPA 0.04 eeee —-=- aeee 0.57 sees 0.015
with 200 gpl H3S504 to
remove 2inc bui not
fron
Retreat above organic 0.07 acee ecee ceee 0.%55 eone 0.008
with solution 1412
(10 gpl 2n pretreated
solution)
Strip Recovery (%)

3 acee ecee ccen 673 cene R
Stripped loaded DEHPA 0.02 veee ce-- seee 0.5 ome- 0.013

with 200 gpl H,S04 to
remove zinc but not iron
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TABLE 8.41. CONTINUED

. Sample No. Condition Concentration (gpl)
Fe Cu Cr N{ in Cd Al
1422 Retreat above organic 4.37 ceee ecee oo 0.02 eeee 0.010
with solution 1418
(10 gp! Fe pretrested
solution)
Strip Recovery (%) 1003 ~eee eeee ceee 481 cee- ——--

NOTE: -All contacts O/A s 1, R.T. 2 minutes, 50 cc of each solution.

*Eh values for reductive solutions given in following table.




TABLE 8.42. REDUCTIVE STRIPPING OF DEHPA. PRELIMINARY TESTS: NICKEL REDUCTANT

Sample No. Condition Concentration (gpl)
Fe Cu Cr Nt n Cd Al
) 1336 Starting Solution Oxidized 4.0l 1.08 0.28 1.00 2.74 0.12 1.40
with uzoz. pH = 2.22
1318 Contacted {1336) with 0.85 0.96 0.25 0.92 2.09 o.Nn 1.24

20 v/o DEHPA, 80 v/o 4708,
pH = 2.2, O/A = }, 2
minutes, aqueous phase pH

~ . 1.04

o

e Loaded Organic Phase 3.16  0.09 0.03 0.08 0.65 0.0 0.16
13417 200 gp! H2S03 contacted 0.009 «<D.L. 0.006 0.068 <D.L. .l. < O.L.

with nickel powder,
5 minutes, filtered

130 1341A solution contacted 0. 0.008 0.006 0.059 0.43 < D.L. 0.080
with Fe loaded DEHPA
Stripped (%) 23 65.8

Notes: . 50 cc of oxidized leach solutfon contacted with 50 cc of 20 v/o DEHPA,0/A = 1, pH = 2.2
. Loaded organic (50 cc) contacted with 50 cc of 200 gpl H2504 which previously been contacted
with nickel powder. Contact with organic mide fmmediately after nickel-sulfuric acid contact.
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TABLE B8.43. OEHPA EXTRACTION OF ZINC FROM A 2N**-Fe** soLuTion

Sample Condition Concentrotion Remaining in Solution (gpl} and Extraction from Solutfon (%)
. 'eOQ anO
gpl 1 Ext. S .| % Ext.
Jotal Fe Fe'*!

N4 Starting Solution 12.00 1.9 ceew 9.00 onee

918  Contacted with DEIPA 11.63 n.7 3.0 4.99 4.5
at pH = 2

915  Starting Solution 11.41 ee-- 8.66 -
Adjusted to pH = 3.5

916  Contacted with DEHPA 10.78 10.5 5.5 3.86 55.4
at pi = 3.5

919  Starting Solution 10.80 .ee-e 8.19 ¢ eeee
Adjusted to pH = 4.0

920  Contacted with DEHPA  10.4) 10.7 3.7 3.83 53.2
at pH = 4.0

NOTE: <25 v/o DtHPA, 10 v/o Deconol, 65 v/o Kermac 4708
<0/A = 2, 50 cc leach solution, 100 cc DEHPA solution
+Temperature: 409C
*Phase separation good
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(ABLL 8.44 . STUDY ON TIE POTENTIAL SULFUROUS ACID STRIPPING OF LRON FROM DEWPA

Sample Condition Concentration in Aquevus Phase {gpl)
Fe In Cu Cr N €d Al
Loading Organic O/A » 2 Aqueous Organic Aqueous Organic
905 S;art;ng Leach Solution 8.87 —e-e 5.97 ce== 3.95 0.60 2.84 0.41 1.4)
p [ ]
906 Contact 1, pH « 2.0 3.0/ 2.9%0 4.9 0.50 4.0! 0.6! 2.88 0.4} 1.4
907  Contact 2, pH = 2.0 4.84 4.92 5.0 0.73 3.92 0.60 2.85 0.4v 1.38
Stripping Organic A/Q = 2
908 10 v/o Sulfurous Strip 0.018 0.185
909 20 v/o Sulfurous Strip 0.018 0.220
910 40 v/o0 Sulfurous Strip 0.016 0.295
911 60 v/o Sulfurous Strip . 0.016 0.323 )
91?2 80 v/o Sulfurous Strip 0.016 0.359
93 100 v/o0 Sulfurous Strip 0.016 0.332

NOTE: -Temperature: 400C
+250 cc organic, 125 cc leach solution (Load)
+50 cc sulfurous acid solution, 25 cc loaded organic (Strip)




8.3.4. [Iron Removal by Sludge Roasting

A few preliminary experiments were conducted to determine if iron could
be rejected from the sludge by an acid bake-rcast-dilute acid leach (based on
Commercial L.R.E. process concept(39)). i.e., the cencept s to convert the
hyaroxides to sulfates in an acid bake, then to preferentially convert the iron
to an oxide form while leaving the other metal sulfates unoxidized. The
sulfate in the resulting roasted product would be water or dilute acid soluble
while iron would be insoluble. The results are presented in Tables 8.45-8.47.
Further testwork was deamed unnecessary.

8.4. [IRON AND ZINC REMOVAL (LOW IRON BEARING SLUDGES)

The experimental work described in Section 8.3.2. led to the conclusion
that low iron bearing solutions could be effectively treated without the need
for a jarosite precipitation unit operation. The major advantage of a
flowsheet tnhat eliminates jarosite precipitation is that chromium is not lost.

The differences in the low iron flowsheet and high iron flowsheet was
presented previously in Figures 6.1 and 6.3. The major difference in the low
iron flowsheet is that jarosite precipitation of iron is eliminated and iron is

removed after solvent extraction of copper. Iron is removed by solvent
extraction using DZEHPA as the extractant. Ilron is in fact removed separately

in a continuous solvent extraction system in conjunction with the removal of
2inc.

The experimental set-up is presented schematically in Figure 8.14. It
consists of the following sequence of operations:

*Aqueous leach solution is pH adjusted to the range 1-1.2, then
contacted with strinped organic (40 v/o D,EHPA, 60 v/o KERMAC 510
kerosene). The aqueous solution at this Point in the flowsheet
contains iron, zinc, nickel and chromium. Iron (2-4 gpl) is
extracted (to a few hundred ppm) from the aqueous phase into the
organic phase by one stage of mixing. Some zinc is coextracted but
chromium and nickel are unaffected.

‘The iron loaded organic is transported to a second mixer where it is
contacted with 200 gpl H 504. Zinc is ctripped from the organic
phase with the strip acia. Iron is unaffected.

245
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TACLE 0.45. PRELIMINARY DESIGK MATRIX AND EXPERIAENTAL RESULTS FOR ACID PUG-SULFATION ROAST (1/2 REPLICA)
E Sulfa- ulfatiorgSolution Acid
‘i l’l‘on . Roast | teach Content
* 088 1 Teep. of
¢ TN Bt Y Leach
Base % £00 RL. Q ‘
Unit 200 .
T T 8 L TR SR Rosults - Extraction from Solid (%)
Low (-) 1 400 RY 0
Test # Tu “Fe Tr L in td
216 ] - - - - 100, 14.3 13B.¢ 14,0 100, 85.7
1L H ry - - + ) 93, 4 97, 29,21 BR.9
2)0 ) - ] - 4 45, 0, Y 55, 87,
1 ) [ ) - - . D, . 0, 4 19, 28.6
770 3 5 s ¥ v 3. T00.0 FL ,0]_100. .0 (100,
221 6 + - + - 85.6 72.7_134. 19, 63.61 87,3
222 ? - v + - N 0.0 0.0 . 72.0 ] 41.3
22) [] ¥ + + v s.4 3.5 . .8 2C.6 | 87.3
Ras, (2p.
Varlation
Effects NOTE: -Starting Studge A (23.4 * 1.6% Solids)
(£3]
9. . 1 H
Cu 58.2 |-3.2 |-36.8 | -3.0 | 10.7 2 950 o 3“622?’ 20 an Sludges pug rossted
Fe 3.7 [-0.4 |-32.3 | U.8_ B.
Tr 335 e | 370 T.0 LY -Sulfation Roast in 4% 0p, 8% SOz
1] 5.1 U.4 [-41.4 ] Z.5 b. .
-5 £7E e LR N 177 Solution Leach 30 Min., 10% Solids
—td 75.8 2.8 1-13.7 1.2 15.7 +Solutfon Diluted to 500 cc for Analysis




L2

TABLE 8.46. SULFATION AS A FUHCTION OF ROAST TEMPERATURE: EXTRACTION OF SOLID

Sample Condition _Extraction from Solid (%) _

Cu fe Cr N§ In Cd
957 No Roast 63.8 75.8 85.5 69.4 80.2 68.5
958 200°C 70.2 12.3 65.0 68.0 85.4 68.5
959 400°C 65.0 61.0 . 56.4 §7.1 75.0 60.3
960 §00°C 46.4 37.0 27.3 3.2 52.6 1.
961 600°C 51.0 29.6 17.1 45.2 §7.2 54.8
962 700°C 56.1 1.7 5.1 45.2 59.2 65.8

Notes: 10 g dry solid, barrel 2 sludge.

Acid pugged with 10 cc H,50, @ 950C for 3 hrs.
Baked sample roasted at ﬁes’gnated temperature in 4X 0,, 8% SO,, 88% N, for one hour.
Roasted sample lcached in 1% H,SO, for 30 minutes, filfered, washed, dfluted to 500 cc
(data corrected to leach so?ut on volune of 200 cc)
Starting solid composftion: 18.29% Fe, 5.53% Ni, 2.80% AY, 1.17% Cr,
0.73% Cd, 11.47% In, 7.84% Cu, 1.05% Ca
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TABLE 8.47. SULFATION AS A FUNCTION OF ROAST TEMPERATURE: DATA

Sample Condition . Concentration in 200 cc Solution {(gpl)
Cu Fe Cr N{ In Cd Al

957 No Roast 2.50 6.92 0.50 1.92 4.60 0.25 1.70
958 200°%C 2.75 6.60 0.38 1.88 4.90 0.25 1.18
959 400°% 2.55 5.58 0.33 1.58 4.30 0.22 1.12
960 500°C 1.82 3.38 0.16 1.00 3.n2 0.15 1.10
961 600°C 2.02 2.70 0.10 1.25 3.30 0.20 0.68
962 700% 2.20 0.70 0.03 1.25 .40 0.24 0.22
NOTE: 10 gm dry solid, Barrel #2

*Acid pugged with 10 cc HpS04 @ 95% for 3 hrs.

*Baked sample roasted at Eeslgnated temperature in 41 05, 8% 50;, 88% N for one hour

*Roasted >ample leached in 1% Hp504 for 30 mlnutes. fllEered. washed diluted to 500m}
(data corrected to Veach solution volume of 2

-Starting solid composition: 18.27% fe, 5.53% Nl 2.80! Al, 1.17% Cr,

0.73% Cd, '5.533 Ni, 11.47% In, 7.84% Cu,
1.05% Ca
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‘The iron loaded organic is transported to a third, fourth an¢ fifth
mixer where it is contacted witn 6 N 4Cl. Iron is stripped from the
organic phase into the strip acid.

‘The iron, zinc depleted organic phase, is transpaorted to a series of
three mixers where 1t is contacted with tne iron depleted aqueous
leach solution. The aqueous phase pH is raised to 2.0. Zinc is
extracted from the aqueous phase into the organic phase. Chromium
and nickel were unaffected. The raffinate 1s relatively free of
zinc (<50 ppm}.

‘The zinc loaded organic phase is transported to two mixers where it
is contacted with 200 gpl HZSO . 2inc is stripped from the organic
phase into the strip acid. Th3 organic is recycled back to the .
Tirst mixer to contact fresh leich solution containing iron and
zinc.

8.4.1. Large Scale Iron and Zinc Removal

The results of a series of studies using the Reister one-gallon
r.ixer-settler solvent extraction rack are presented in Tables 8.48-8.49.

Earlier testwork showed that a muck problem resulted in the first
extraction cell if the iron content was in the range of a few grams per liter
at a pH of ahout two. Follow-up testwork showed that the muck problem was
minimized by lowering the feed leach solution pH (decreased iron and 2inc
loading into the organic phase) and by charging the kerosene dilueat (from
KERMAC 470 to 510, a low aromatic solvent).

A series of coextraction tests were conducted using the solvent extraction
flow pattern depicted schematically in Figure 8.15. The results of two large
scale tests are presented in Table 8.48. The test results showed that
coextraction of iron and zinc was excellent and controllable and that muck
formation was minimized by running the firs. stage organic continuous instead
of aqueous continuous.

The above tests were followed by continuous large scale testwork over a
four day period. Sludge was leached, copper was extracted by LIX 622
extraction and the resulting solution was used for the four day test run. A
total of 365 liters of aqueous leach solution was exposed to 38.8 liters of
organic phase (Table 8.49). No degradation of the organic phase was noted.

250
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TABLE 8.48. LARGE SCALE IRON-ZINC EXTRACTION TESTWORK (PHASE 1, LOW JRON PRELIMINARY TESTWORK)

Sawple Bo. Conditions Concentration {n Aquecus, gpl

Fe Cu In Cr Ni Al Ca Extraction
Efficiency, 1

In Fe

Large Scale Test on
co-extraction of Fe & In
where pH control exer-
cised in 1st and 2nd
cells (see notes below)

Starting solution, 75 1}

3208 1st Cell Feed, pH = 0.62 1.728 -~-- 2.425 6.471 2.502 0.029 0.702
3216 2nd Cell Feed, pH = 1.56 1.165 «--- 2.164 5.959 2.319 0.027? «--=- 1}
3217 4th Cell Final Raffinate 0.011 ---- 0.048 6.153 2.829 0.014 ---

5 hrs. continuous test

(-]
.
[
w
N
o fe
|5€'

Large Scale Test on
co-extraction of Fe & In
where pH control exer-
cised in 1st and 2nd
Cells and the 1st Cell
was run organic continuous

32585 First Cell Fsed, pH = 0.95 1.611 --- 2.231 5.470 2.547 0.035 0.696
Temp. = 22°C

1 Hr.

(=]
(-]

|
!

3250 1st Cell Rafflnsto. 0.7475 ---= 1.935 5.664 2.602 O0.036 0.652 13.3 §
pH = 0.83, 22°C

3251 2nd Cell Feea, pH = 0.764 ---- 2,121 5.031 2.077 0.040 0.635
2.03, 2597
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TABLE 8.46. COLTINUED

Sample No. Conditions —_—— Concentration {n Aqueous, gp)
fe Cu in Ce Nt Al Ca Extraction
Efficiency, 3
in fe
3252 4th Cel) Raffinte, 0.009 .-~ 0.067 5.010 1.870 0©.005 0.220 96.8 98.8
pH = 1.15, 21°C )
3 Hrs.
3256 1st Cell Raffingte, 0.373  ---- 1.586 5.659 2.587 0.032 0.692 28.9 76.8
pi = 0.49, 37°C -
3257 an Cellsted. pH = 0.482  ~--- 1.685 5.394 2.448 0.026 0.661
.91, S8°C
3258 4th Cell Raffingte, 0.020 ---- U.022 5.589 2.392 6.005 0.322 98.6 95.9
pH = 1.34, 28°C
S Hrs. {end of run)
3261 1st Cela RaFfinate, 0.430  «e-- 1.754 5.614 2.558 0.03¢ 0.722 21,4 73.3
pil = 0.88, 30 - - -
3262 2nd Cell Fged, pHl = 0.385 ---- 1.676 5.292 2.430 0.031 0.707
1.80, 58
3263 4th Cell Roffingte, 0.018 ---- 0.046 4.981 2.149 0.012 0.317 97.2 95.3

pH = 1,19, 25°¢C

HOTES: "System sct-up described In Section B.4.1.
‘Conditions of first large scale test: 75 liters of leach solution, 38.8 1iters 40% DEHPA 1n 470-8, 18.2
liters of 200 gpl H,S0,, 27 liters 4N HC), flowrate = 0.25 V/ofn., total exposure time = 5 hrs.
‘Comments on first lsrga scale test: Some crud notfceable in Cell #2 1/2 hour after run began, but
formation remained minimal for this experfment. Run demonstrated that crud formation can be
controlled by vl manipulation and stil) achieve satisfactory extraction of 3.5 q/1 combined Fe and
In. [lron was not stripped very well in this run.
*Conditions of second large scale test: 75 liters of leach solutfon, 38.8 liters 40 v/o DENPA {n 470-8,
18.2 liters 1,50,, 27 Vliters 4.5H 1CY, flowrate = 25 1{ters/min., total exposure = § hrs.
*Commeats on 55co d large scale coextraction test: organic continuous opcration in lst Cell mfxer
exhibited positive results on minimizing crud formation for this mode of mixer operation.
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Cell efficiencies for iron, zinc and iron plus zinc are reported in Tables
8.50-8.52. Overall extraction efficiencies for end of run (EOR) solutions
showed: 97.4% iron extraction; 97.3% zinc extraction; and 95.1-99.2% iron plus
zinc extraction. Final solution raffinate contained: 0.053-0.095 gpl iron and
0.040-0.061 gpl zinc.

8.4.2. Continuous Long Term Solvent Extraction Testwork: Iron and 2inc

A series of solvent extraction studies were conducted to investigate:
fron and zinc extraction stage and process efficiency; and possible degradation
of the organic extractant when exposed to a large volume of leach solution,
{.e., what is the effect on the organic extraction efficiency of a large number
of load/strip cycles. A schematic diagram depicting the flow patterns in the
test system for the aqueous and organic solutions is presented later in Figure
8.20.

The tests were conducted in the Bell Engineering testrack; 7.6 liters of
40 volume percent DZEHPA - 85 volume percent KERMAC 510 kerosene was contacted
with 150 liters of aqueous leach solution over a period of 67 hours.
Approximately 58 load/strip cycles were achieved. Over 232 loading contacts
and over 586 stripping contacts were made during the test period. An
aqueous/organic contact ratio of approximately 20 was achieved. The results of
the study are summarized in Table 8.53; stage efficiency and process rack
efficiency are summarized in Tables 8.55-8.57.

8.4.3. Crud Formation and Control During Iron-Zinc Solvent Extraction
8.4.3.1. Crud Formation in DZEHPA Solvent Extraction

A problem developed during the Phase II large scale iron and zinc solvent
extraction testwork, §.e., crud formed in the first cel) of the extraction
(1oading) stage and was initially uncontrollable. The flowsheet being tested
during that period was two stages of extraction at pH 2 followed by
readjusting the pH back to 2-2.5 after the second cell prior to entry into
extraction cells 3 and 4. The formation of crud in the first cell created
several problems. The first cell interface was unconirollable; crud was

254
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TABLE 8.49.

LARGE SCALE IRON-ZINC EXTRACTION TES™WORK:

LOW IRON FLOWSHEET, FOUR DAY CONTINUOUS TEST

Sample Conditions
First Day
3282-B Ist Cell Feed, 75 )
3 Hrs.
J282-8 1st Cel) Raffinate
3283-8 2nd Cell Feed
§ lrs. (end of run)
3284 4th Cell Raffinate
Second Day
311 1st Cell Feed, 75 )
1 Hr,
32 1st Cell Raffinate
3313 2nd Cell Feed
314 4th Cell Raffinate
3 lirs.
3319 1st Cell Raffinate
3320 2nd Cel) Fecd
3321 4th Cel) Raffinate
$ Hrs. (end of run)
3326 1st Cell Raffinate
3327 2nd Cell Faed

Concentration, gpl

Fe Cu 2n Cr Ni Al Ca i 1,%
1.164 0.069 1.815 5.749 5,310 0.091 0.502 1.58 76
0.137 0.126 1.347 5.589 5.318 0.038 0.608 1.15 134
a 0.u68 T.398 5.540 4.806 0.02¢ 0.636

----  0.040 0.014 5.808 3.789 0.009 0.408 1.39 36
1.532 0.308 2.208 4.395 11.511 0.040 0.246 1.19 30
0.265 0.28) ~ 1.479 4.066 10.717 0.041 0.229 1.05 30
0.207 o0.210 T.087 4.957 8.645 0.025 0.252 1.64 50
e-e-=  0.105 0,032 6.572 6.298 ---- 1.015 1.50 30
0.237 0.423 1.433 3.886 13.531 0.044 0.158 --.-

0.227 0.308 1.287 4.213 11.011 0.038 0.209 1.96 59
0.008 0.210 0.054 4.5901 9.739 ---- 0.026 1.28 30
0.249 0.414 1,304 3.688 12 641 0.049 0.151 ----
0.279 o0.380 T, 4.03] 12.448 0.057 0.219 ----
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. TABLE 8.49. CONTINUED
Sample Conditions Concentration, ap)
Fe Cu In cr N Al ca pH 1,%
3328 4th Cell Raffinate 0.040 0.284 0.028 4.212 11.570 0.018 0.045 ccea amee
3331 4th Cell Composite
Raffinate 0.065 0.182 0.040 4.927 8.443 0.011 0.057 ceee anee
Tnird Day
3351 1st Cell Fead, 751 1.891 0.563 2.220 4.931 11.650 0.071 0.372 1.27 23
1 Hr.
3353 1st Cell Raffinate 0.377 0.567 1.499 4,842 32.0)0 0.054 0.288 1.1} 25
3354 2ng Cell Feea 0.5 o0.456 Y. 427 4.278 12.370 0.058 0.242 2.11 54
34585 4th Cell Raffinate 0.020 0.341 0.040 4.110 1tl.v6 O0.010 0.024 1.37 30
3 Hrs.
3352 1st Cell Raffinate 0.368 0.573 1.441 4.967 12.140 0.061 0.302 1.08 25
3358 énd Cel) Feed 0.317 o0.521 T.326 4.737 12.196 0.056 0.288 2.35 50
3359 4th Cell Raffinate 0.C08 0.440 0.028 4.550 12.406 0.008 0.052 1.38 35
S Hrs.
3363 1st Cell Raffinate 0.430 0.622 1.787 5.473 13.214 0.069 0.302 1.05 25
3368 2nd Ce)) Feed 0.357 0.534 T 558 4.939 11.972 0.061 0.305 1.94 4]
3364 2nd Cel) Raffinate 0.056 0.594 0.234 5.392 13.361 0.025 0.199 1.53 30
3365 3rd Cel) Raffinate 0,026 o0.608 D082 5.379 13.415 0.023 0.106 1.22 26
3366 4th Cell Raffinate U.024 0.55) 0.060 65.132 12.996 0.019 0.062 <--- cene
3367 4th Cel) Composite 9010 o0.391 gzggzg 4.599 12.011 0.C22 0.040 1.2¢ o4
Fourth Day
814 1st Cel) Feed, 140 ) 2,362 0.370 2.436 4.258 8,527 0.057 0.441 1.39 23 -
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TABLE b.4Y.

CONTINUED

Sample Conditions
e,
3313 1st Ced
kT4 2nd Cell
17 2na Cell
3il8 3ra Cell
3419 4th Cell
3 Hrs.
3422 1st Cell
3427 2nd Cell
3423 2nd Cell
3424 3rd Cell
3425 4th Cell
S Hrs.
3428 1st Cell
3433 2nd Cell
3429 end Celd
3430 3rd Cel)
3431 4th Cel
7 lirs.
3437 Ist Cell
3442 2ad tell
3438 2nd Cell
3439 3Ird Celd
3440 4th Celd

Raffinate
Feed

kaffinate
Raffinate
Raffipate

Raffinate
Fecd

Raifinate
Rattinate

Raffinate .

Raffinate
Feed

Raffinate
Raffinate
Raffinate

Rarfinate
fFeed

Ratfinate
Raffinate
Raffinate

Concentration, gp)

Fe Cu In Cr N Al Ca pH 1,%
0.475 0.363 1.604 4.181 B.593 0.0522 0©.3119 1.20 25
0.3%59 o0.513 T. 4,938 11.348 0.0575 0.3044 1.76 40
0.10?7 0,538 0,304 5.072 12.102 0.0217 0.2711 1.57 35
0.035 0.599 O.117 5.107 12.544 0.0160 0.1503 1.49 29
0.025 0.521 D.073 5.051 12.536 0.0153 0.0859 1.12 26
V.467 0.367 1.543 4.237 8.709 0.0507 0.3035 1.20 27
0.458 0.423 T.B66 4.698 9.880 0.0495 0.3051 1.88 48
0.070 0.418 0.154 4.404 9.619 0.0123 0.2402 1.67 43
0.034 0.434 D0.066 4.430 9.824 0.0063 0.1606 1.56 8
0.023 0.423 D0.040 4.406 9.915 0.0099 0.1197 1.27 34
6.429 0.373 1.684 4.426 9.229 0.0490 0.32/4 1.22 29
3 0.402 Y.638 4.617 9.480 0.0546 0.3252 1.73 42
0.084 0.391 0.229 4.477 9.420 0.0144 0.2865 1.59 a
0,068 0.409 O0.080 4.441 9.405 0.0066 0.2320 1.48 36
0.064 0.395 U060 4.428 9.428 0.0073 0.1822 1.27 3
0.406 0.379 1.493 4.439 8.795 0.0526 0.3224 1.21 29
0.526 0.383 T.723 4.264 8.822 0.0538 0.3306 1.95 48
0.152 0.365 0.194 4.243 8.574 0.0152 0.2993 1.64 45
0.053 0.400 0.079 4.356 8.713 0.0095 0.2811 1.54 4
0.047 0.3568 0,050 4.360 8.659 0.0056 0.1911 1.3l 36
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TABLE 8.49. CONTINUED

Sample Conditions

Concentration, gpl

fe Cu 1) cr Ni Al Ca pit 1,%
9 Hirs. (end of run)
3444 1st Ced) Raffinate 0.403 ©0.352 1.694 4.265 86.544 0.0461 0.3225 1.21 k1
3453 2nd Cell Fecd 0.487 o0.31 . 4.231 8.53 0.0519 0.3328 1.91 4)
344, 2na Cell Raffinate 0.110 0.353 0.186 4.296 ©.504 0.016% 0.2992 1.67 44
3446 3rd Cell Raffinate 0.05T 0.386 O0.068 4.192 8.647 0.0086 0.2542 1.53 8
3447 4th Cel) Raffinate D.U5Z o0.368 O0.053 4.286 8.826 0.U030 0.1936 1 28 35
3454 Eng ?zlrun Composite U.053 0.369 U.06T 4.469 9.18) O.uC89 0.1633 1.29 k)
affinate

NOTES: ™ "Ceach:

“Conditions:

‘A1T Teaches performed under stondard conditions, 12,000 g sTudge, 1650 cc concentrated

"zSO , 417 g lnSO"Héo. 886 g cnso"suzo. 300 cc nzoz {303), diluted to /5.0 Yiters with
deloalzcd water.

38.8 liters 40 v/o DEHPA, 60 v/o KERMAC 470-8B; 2/ Viters 4.7 N HC1; 18.2 liters
200 gpl N soq. 0.25 liters/min. feed, Cell #] maintatned organic continuous with
recycle oi 0.1 Mters/min. organic from settler back to mizer,
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TASLE 8.50. CELL EFFICIENCY FOR IRON EXTRACTION BY DEHPA: LARGE SCALE CONTINUOUS TES{:!ORK

Sample No. Conditions Cell Effictiency, gpl in Raffinate, 1 Extracted .
: Tota
Cell 1 Cel) 2 Cell 3 Cell 4 Efficiency
gpl 2 gpl ] gp} 1 _gp) )

First Day, 75 1
3281-8 First Cell Feed, 1.164 gpl Fe
J32083-B Second Cell Feed, 0.187 ypl Fe
3284 S Hrs. (E.O.R.) ceee  ceee meece  eccse =cee  e-e- 0.014 ---- 98.8

Second Day, 71 1}
3311 First Cell Feed, 1.532 gpl Fe
3327 Second Cell) Feed, 0.279 gpl Fe
3326,28 § Hrs, (E.0.R) 0.249 83,7 vece cove cowa  ames 0.040 o-e- 97.4
Jail Final Couposite Raffinate:

0.065 gpl Fe

Third Day, 75 1
3351 First Cel) Feed, 1.891 gpl Fe
3368 Second Cell Feed, 0.351 gpl Fe
3363,64 5 Hrs. (E.O.R.) 0.430 77.3 0.056 B84.0 0.026 53.6 0.024 1.7 98.7

05,66 -
3370 Final Composite Raffinate:
0.095 gpl Fe

Fourth Day, 75 )
3414 First Cell Feed, 2.362 gpl Fe
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TABLE 8.50. CORT!NUED

Sample No. Conditions Cel) Efficiency, gpl in Raffinate, 3 Extracted .
Tota
Cell 1 Cell) 2 Cell 3 Cell 4 Efficiency
g % gpl 3 gl % _gpl 3

3416,17 1 Hr. 0.475 79.9 0.107 76.7 0.045 57.9 0.025 44.4 98.9
18,19

3421 Second Cell Feed, 0.45 gpl Fe

3422,23 3 Hrs. 0.467 80.2 0.070 B84.7 0.034 51.4 0.024 29.4 99.0
24,25

3427 Second Cell Feed, 0.458 gpl Fe

3458.39 S Hrs. 0.429 81.8 0.084 80.6 0.068 19.0 0.064 6.2 97.3
0,31

3433 Sccond Cell Feed, J.432 gpl Fe

343;.22 7 Hrs. 0.446 81.1 0.132 74.9 0.053 59.8 0.047 11.3 98.0

34492 Second Cell Feed, 0.526 gpl Fe

3444 ,45 9 Hrs. (E.0.R.) 0.403 82.9 0.110 77.3 0.05) 53.6 0.052 ---- 97.7
46,47

3453 Second Cell Feed, 0.484 gp) Fe

3454 Final Raffinate: 0.053 gpl Fe

WOTES: 'Detalled data prescnted In lable B.49.
*Cell efficfency decreases from cell to ce'l because pH of the Veach solution drops off.
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TABLE 8.51. CELL EFFJCIENCY FOR ZINC EXTRACTION BY DEIPA: LARGE SCALE CONTiNUOUS TESTMORK

Sample No. Conditions Stage Efficiency, yp) in Raffinate, T Extracted
Total
Cell 1 Cell 2 Cell 3 Cell 4 Efficiency

gpl ) gpl ! gpl h 3 gpl 3
First Day, 751

J261-8 First Cel) Feed, 1.615 gpl Zn
3283-B Second Cell Feed, 2.398 gpl In
3284 Five Hours (E.O0.R.) =eea  ecen ecse  =ece cmas  aces (014 -e-- 99.2

Second Day, 75 1

kk) ) First Cell Feed, 2.208 gpl In
3327 Second Cell Feed, 1.342 gpl In
3326, 28 Five Hours (E.0.R.) 1.304 40.9 -=-- ccee e acee 0.028 ---- 98.7
33 Final Corposite Raffinate:
0.040 gpl 2n
Third Day, 75 1
3351 First Cell Feed, 2.220 gpl In
3368 Second Cell Feed, 1.558 gp? In
3163, Five Hrs. (E.O.R.) 1.787 19.5 0.234 87.0 0.082 64.5 0.060 2€.8 97.3
b4, 65,
66 .
3370 Final Composite Raffinate:
0.043 gpl In
Fourth Day, 140 1
)4 First Ceil Feed, 2.436 gp) In
3416, 1 Hr. 1.604 34.2 0.304 81.0 0.112 63.2 0.013 !1;2' 91.0
17, 18,
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TABLE 8.51. CONTINUED
Sarple No, Conaitions Stage Efficienc,, gpl in Raffinate, 2 Extracted
Total
Cell 1 Cell 2 Cell 3 fel) 4 Efficiency
gp} ] _g9p1_ % gpl 8 _apl 3

3421 Second Cell Feed, 1.605 gpl In

3322, 3 Hrs. 1.543 36.7 0.154 90.7 0.066 57.1 0.044 33.3 98.2

23, 24,

25

3427 Second Cell Feed, 1.666 gpl In

3428, 5 Hrs, 1.684 30.9 0.229y 86.0 6.080 65.1 0.060 25.0 97.5

29, 30,

k) |

3433 Second Cel) Feed, 1.638 gpl In

gd:?i 7 Hrs. 1.498 38.5 0.1%4 88.7 0.079 539.3 0.050 35.7 97.9

8, 39,

40

3442 Second Cell Feed, 1.723 gpl 2n

3444, 9 Hrs. (E.0.R.) 1.694 30.5 0.186 88.7 0.068 63.4 0.053 23.9 97.8

45, 46,

47

3453 Second Cell Feed, 1.644 gpl Zn

3454 Final Composite Raffinate:

NOTES: " "Detailed data presented in Taple B.49.

0.061 3p) In

*Cell efficiecy decreases from cell to cell

because pH of the

cell feed drops off.
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TABLE 8.52. CELL EFFICIENCY FuRt ZINC PLUS IRON EXTRACTION 8Y DEHPA: LARGE SCALE CONTINUOUS TESYKORK

;amgle No. Condfitions Cell Efficiency, gpt in Raffinate, % Extracted Total
Cell |} Cell 2 ctell 3 Cel) 4 Efficiency
g 5 g 3 gt 3 gpl 3
First Day, 751
5 Hrs. (E.0.R.) cem meme mee ceee cece ceee 0,014 --e- 99.2
Second Day, 75 )
5 Hrs. (E.O.R.) 2.563 30.5 ---- cccc cor- --ee 0,068 ---- 91.0
Third Day, 751
$ Hrs. (E.O.R.) 2,217 46.1 0.290 84.8 0.108 62.8 0.084 22.2 98.0
Final Composite Raffinate:
0.138 gpl (Fe ¢ Zn)
Fourth Day, 140 1
9 Hrs. (E.0.R.} 2.097 56.3 0.296 86.1 0.119 60.0 0.105 11.8 95.1

Final Composite Raffinate:
0.111 gpl (Fe * n)

WOYES: “Detailed data presented In Yable B.49.
*Cell efficiency decreases trom cell to cell because pH of the leach solutfon drops off.
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TABLE 8.53. CONTINUOUS DEHPA TESTHORK DATA SUMMARY: B8ELL SYSTEM

Sample io. Conditions, End of Run Results foncentration in Final Composite Raffinate, gpl

Fe Cu in Cr ni Al Ca

First Day, 19 3, 14 hrs.

3745 First Stage Feed 2.023 0.015 1.628 4.620 1.173 0.033 0.206
3786 Second Stage Feed T.235 0.017 T.058 4.727 7.986 0.030 0.147
Loading
3795 1st Cell Raffinate 0.925 0.011 1.207 4.702 1.853 0.024 0.172
3796 2nd Cell Raffinate U.323 0.010 0.117 4.632 71.705 ene 0.030
3797 3rd Cell Raffinate 0.309 0.018 0.033 4.808 8.235 - 0.009
3798 4th Cell Raffinate 0347 0.005 0.017 4.724 8.124 0.002 0.604
3787 Composite Raffinate 0.498 0.008 0.080 4.679 7.990 0.003 0.015
Stripping
3799 5th Cell, u2504 0.077 - 39.35 0.235 0.283 0.045 0.514
3800 6th Cel}, " 0.075 0.006 39.06 0.174 0.223 0.037 0.416
3801 7th Cell, * 0.063 .- 38.50 0.167 0.222 0.033 0.415
3802 8th Cell, HCY 3.354 0.017 0.403 0.065 0.101 0.014 0.005
3803 9th Cel), * 3.496 .- 0.396 0.073 0.053 0.025% 0.005
3804 10th Cell, * 4.046 0.002 0.451 0.08] 0.070 0.006 0.028
Second Day, 19 1, 9 hrs.
3805 1st Stage Feed 2.216 0.005 0.354 5.471 8.298 0.013 0.049
3806 2nd Stage Feed 1.364 0.015 0.987 5.088 8.585 0.044 0.147
Loading
3824 1st Cel) Raffinate 0.515 0.023 0.329 5.434 8.234 0.010 0.046
3825 2nd Cell Raffinate 0.234 0.021 ©0.%28 5.187 8.690 0.031 0.153
3826 3rd Cell Raffinate U.135 0.019 U03I5 £.072 8.629 0.026 0.135
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TABLE 8.53.

CONTINUED

Concentration in Final Composite Paffinate, gpl

Sample No. Conditions, End of Run Results
3827 qth Cell Raffinate
3835 Composite Raffinate

Stripping
3428 5th Cell, sto4
3829 6th Cell), °*
3830 7th Celd, °
3831 8th Cell, HC
3832 9th Cell, *
3833 10th Celd, *
Jhird Day, 19V, 6.5 hrs,
3846 1st Stage Fecd
3847 2nd Stage Feed
Loading
3860 1st Cel) Raffinate
3861 2nd Cell Raffinate
3862 3rd Cell Raffinate
3863 4th Cell Raffinate
3871 Composite Raffinate
Stripping
3864 5th Cels, stn‘
3065 6th Cell, °°
3866 7th Celd, °*
3867 8'h Cell, HCY
3868 9th Cell, *
3869 10th CeNl, *

fe Cu In Cr Ni Al Ca
0.109 0.031 0.192 5.044 8.476 0.020 0.103

N 0.033 U0.050 4.805 8.212 0.9%04 0.020
0.076 0.009 32.55 0.230 0.269 0.080 0.578
J.061 0.019 30.23 0.225 0.247 0.070 0.451
0.070 0.022 31.89 0.221 0.257 0.061 0.4M
2.885 0.017 ©0.140 0.02?7 0.018 ©C.017 0.004
3.368 0.097 ©0.139 0.012 0.018 ©0.021 0.0C3
£.533 0.009 0.250 0.012 ©0.023 0.023  0.00%
2.742 0.010 2.207 5.467 7.872 0.085  0.052
0.485 0.0 . 5.139 7.499 0.012  0.045
0.854 0.024 0.975 5.803 8.480 0.026 0.032

- 0.007 0047 S.494 8.402 0.004 0.008
D.0I8 0.026 0.033 S5.424 8.347 0.002 0.003
0.027 o0.012 , U.0355 5.551 8.548 0.003 0.002
0.010 o.017 0.106 S.287 8.188 0.009 0.040
0.042 0.024 34.25 0.812 0.530 0.097 0.A32
0.056 0.019 34.31 0.662 0.46¢ 0.095 0.674
0.033 0.026 34.47 0.665 0.458 0.093  0.624
2.868 0.004 0.147 0.001 0.015 0.016 0.009
3121 0009 0.1338 0.001 0.019 0.019 0.008
3.870 0.002 0.237 0.014 0.03¢ 0.022 0.011
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TASLE 8.53. CONTINJED

Sauple No.

Conditions, End of Run Result:

3g8)
3882

3595
3896
3897
3898
3wl

3899

3900
3904
3902
3903
3904

Ju26
3927

3933
3934
3935

Fourth Day, 191, 8 hrs.

1st Stage Feed
2nd Stage Feued

Loading

ist Cell Raffinate
2nd Cell Raffinate
3rd Cell Raffinate
4th Cell Raffinate
Conposite Raffinate

Stripping

5th Cell, lIzSO4
6th Cell, *
7th Cenl, *
8th Cell, HCY
9th Cell, *

10th Cell, *

Fifth Day, 19 1, G.5 inrs.

1st Stage Feed
2nd Stage Feed

Loading

Ist Cell Raffinate
2nd Cell Rzffirate
3rd Cel) Raffinate

Concentration 1n Final Composfte Raffinate, gpt

Fe Cu 1o Cr Al Ca
2.035 0.099 2.128 5.304 7.550 0.007 0.015
T_.TlT_ 0.016 T.501 5.013 7.269 0.048 0.04z
0.138 0.004 1.427 5.625 17.647 0.009 0.0 -—-
0.772 0.019 T270 5.026 7.364 0.025 0.315 —--
0.5 0.028 U0.082 5.008 7.259 0.012 0.008 .-
0.513 0.023 0.030 4.829 7.253 0.008 0.004 -—-
0.319 0.017 D.048 4.819 7.292: --- 0.004 ---
0 057 0.028 38.83 0.948 0.649 0.1610 0.8871 ---
0.069 0.022 3/7.27 0.869 0.580 0.1546 0.7150 ---
0.077 0.014 37.19 0.904 0.6U5 0.1446 0.8046 ---
3.039 .ee 0.203 0.051 0.008 0.0163 0.0100 ---
3.352 —-- 0.182 .- 0.004 0.0241 0.0133 ---
5.191 --- 0.35y 0.004 0.013 0.0267 0.0157 ---
2.218 --- 1.999 6.012 6.615 0.054 0.003 0.055

.50 --- T.638 5.613 7.8 0.795 0.015 0.070
1.119 0.006 1.92F 5.223 6.962 0.058 0.004 ---
0. II¥ 0.016 U330 S5.60C 8.005 0.008 0.00% ---
D.085 0.013 D129 5.729 7.956 0.008 0.005 e
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TABLE 8.53. CONIINUED

Sample No. Conditions, End of Run Results Concentration in Final Comrosite Raffinate, apl
Fe Cu In tr Ni Al Ca
3936 4th Cell Raffinate 0.056 0.006 0.075 5.740 7.996 0.003 0.003
3944 Composite Ratfinate 0.022 --- 00T S.127 7.398 0.006 0.002 ---
Stripping
3932 Sth Cell, H2S04 0.950 0.015 33.85 0.766 0.532 0.153 0.6141 ---
3938 6th Cell, * 0.067 0.007 32.11 0.769 0.530 0.151 0.498 ---
3939 7th Cenl, * 0.06%9 --- 32.06 0.749 0.514 0.142 0.508 ---
3940 8th Cell, HCI 2.293 - 0.159 --- 0.010 0.013 0.010 ---
3941 Yth Cell, " 2.506 - 0.184 -— 0.004 0.019 0.010 ---
3942 10th Cell, * 3.630 --- 0.274 --- 0.004 0.020 0.010

Sixth Day, 19 1, 6.5 hrs.

3953 1st Stage Feed 2.127 0.020 2.162 5.712 7.124 0.010 0.003 0.628
3954 2nd Stage Feed T005 o0.020 TY.877 4.604 6.100 0.060 0.004 -
Loading .
3972 1st Cell Raffinate 0.388 0.027 1.527 4.965 6.354 0.009 0.005 0.530
3973 2nd Cell Raffinate 0353 o0.024 0.383 T3W 5. . 0.00Z 0.31T
k1) 3rd CelT Raffinate - 0.0 o0.108 -—- 6.092 0.021 0.0016 0.521
3975 4th Cell Raffinate 0.238 0.026 U0.046 3.466 4.774 0.011 0.0084 0.381
3969 Composite Raffinate 0.238 0022 0050 5.335 6.763 0.012 0.0072 0.517
Stripping
3976 5th Cell, H,S04 0.077 0.018 — 0.7639 0.548 0.206 0.437 0.45)
a9gn 6th Cell, " 0.083 0.020 .- 0.666 0.487 0.168 0.389 0.357
3978 7th Cell, * 0.092 0.020 -—- 0.646 0.487 0.17¢ 0.418 0.480
3979 8th Cel), HC) 2.765 0.028 0.102 0.018 0.005 0.011 0,002 0.384
3980 9th Cell, * 3.089 0.029 0.117 0.008 0.010 0.017 - 0.459

3981 10th Cell, * 4.350 0.022 0.167 0.011 0.0:4 0.018 0.001 0.546
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TABLE 8.53. coNrinuen

Sauple No. cConditions, End of Run Results Concentration §n Final Composite Raffinate, gpl

fFe G in Cr Hi Al Ca

Seventh Day, 19 V, 6.5 hrs.

3992 1st Stage Feed 2.299 0.013 2.084 5.510 6.520 0.013 0.008 0.5)0
3993 2nd Stage Feed 0.567 0.031 Y.779 S.914 7.315 0.014 0.028 0.435
Loading
40u8 1st Cell Raffinate 0.014 0.013 2.122 5.799 7.193 0.016 0.0013 0.465
4009 2nd Cell Raffinate 0.014 o0.041 U455 5,799 7,298 0.008 0.003 0.417
4010 3rd Cell Raffinate ~—- 0.069 U135 6.784 7.466 0.002 0.002 - 0.395
4011 4th Cell Raffinate --- 0.046 U0.039 5.399 6.838 0.003 0.001 0.387
4022 Composite Raffinate 0.051 €040 0086 5.719 7.14% 0.003 0.008 0.297
Stripping
4012 Sth Cell, H2S04 0.101 0.002 23.62 0.496 0.359 0.145 0.326 0.127
4013 6th Cell, * 0.088 0.016 21.51 0.472 0.345 0.139 0,316 --e
1014 7th Celd, " 0.065 0.001 21.46 0.468 0.337 0.143 0.299 ean
1015 ath Cell, HC) 1.2056 0.012 0.049 0.008 0.020 0.010 0.010 0.127
4016 9th Cell, " 1.036 0.012 0.030 0.015 0.007 0.011 0.010 0.051
4017 10th Cell, * 2.911 0.019 0.065 0.000 0.016 0.012 0.038 0.126
€ighth Day, 18 1, 8 hrs.
qu40 Ist Stage Feed 2.040 0.019 1.987 5.338 6.030 0.017 0.019 0.5
qu4) 2nd Stage feed 0.870 o0.015 T.320 4.283 4.983 0.018 0.010 0.339
Loading
4057 1st Cell Raffinate D.582 0.017 1.067 5.528 6.465 an= oo b.357
4058 2nd Cel) Raffinate U133 0.019 02T 65.300 6.313 ) con 0.307
4059 3rd Cell Raffindte p7057 0.925 TU.UBT 4.702 5.651 aee oo D.266
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TABLE 8.53.

CONTINUED

Fe

0.039

0.136
0.139
0.134
2.383
a.5n
4.616

Sample Ho. (Conditfons, End of Run Results
4060 4th Cel) Raffinate
4054 Canmposite Raffinate

Stripping
4061 Sth Cell, 1,50,
4062 6th Cell, °~
4063 7th Cell, *
4064 8th Cell, HCY
4065 9th Cell, *®
4066 10th Cell, *
NOTES:

Concentration in Final Composite Raffinate, gpl

v

0.022
0.015

0.020
6.011
0.056
0.015
o.01)

In Cr N A) Ca
0.023 4.969 5.798 rae ace 0.251
J.003 5.478 6.707 ——- - 0.463

.. 0.579 0.372 eem .= 0.177
- 0.5712 0.372 - .- 0.195
- 0.544 0.366 -—- -—— 0.153
0.078 0.03> 0.018 cem o—e 0.213
0.08¢ 0.024 0.018 —- ——- G.210
0.188 0.037 0.032 .- -— C.360

"Test conditions presented In Vable B.%4.

*First day test, fron not cowpletely oxidized; therefore, fron levels in finol
*Second day test, solutfon not doped with 2inc.
“Fourth day test, iron not cowpletely oxidized.
“Sixth day test, iron not completely oridized.

raffinate was high,
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TABLE 8.54. CONDITIONS FOR DEHPA CONTINUOUS TESTWORK TABLES

Test Serfes Aqueous Volume Treated, liters Time of Exposure, Hrs. Inftia) pit
Doy Jotal Day Total Ist Cell and Cell
First Day 19 19 . 14 14 }.22 1.83
Second Day 19 38 9 23 1.20 1.92
{1.48 after 1 hr,)

Third Day 19 Y 6.5 29.5 1.20 1.88
Fourth Day 19 76 8 7.5 1.06 1.99
Fifth Day 20 96 7 44.5 1.10 1.86
Sixth Day 19 115 7 51.5 1.10 1.91
Seventh Day - 18 133 1.5 59 1.10 .91
Eighth Day 18 151 8 67 1.22 1.81

ROTES: “FYow pattern presented In Figure B.20.
*4U v/u DEHPA, 60 v/u KERMAC 510.
‘0/A = 1 for both load and strip cells.
‘Yolume of organic in system = 7,6 Liters.
‘Flow rate of organicoand anueoys 40-50cc/min,
‘Temperature: 20-25°C.
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TABLE 8.55. CELL EFFICIENCY FOR IRON EXTRACTION BY DEHPA: LONG TERM TEST

Sample Mo. Conaitfons Cel) Efficiency, gpl in Raffinate, 3 Extracted .
Tota
Cell 1} Cell 2 Cell 3 Cell 4 Efficiency
gpl 1 gp! 3 gp) 3 gp) 3
Second Day Exposure (19 1)
3805,6 Starting solution, 2.276 gn?,
Fe, 1st cell Feed, prt = 1.20;
2nd Cell Fecy, pH = 1.92 ini-
titally for 1 hr. then de- *
cieasea to 1.48, 1.364 gpl Fe
3807,8.5, 18 Hrs. 0.400 82.4 0.088 93.5 0.055 37.5 0.055 O 96.0
10
3824.2?. 23 lirs. 0.515 77.4 0.234 82.8 0.146 37.6 ©.109 25.3 92.0
26,2
3835 End of Run Raffinate {E.0.R.):
0.070 gp) fFe
Third Day Exposure (19 V)
3846,47 Starting solution, 2.742 gpl Fe;
Ist Cell Feea, pH = 1.20; 2nd
Cell Feed, 1.88, 0.485 gp}
3848,49, 26 Hrs. 1.208 55.9 0.050 89.6 0.050 O 0.050 0 89.7
50,51
3860,61, 29 Hrs. 0.854 68.9 0.055 68.9 0.018 67.3 0.027 O 94.4
62,63
3871 E.0.R. Raffinate: 0.30 gp! Fe
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TABLE 8.55. CONTINUED

Sample Ho. Conditions Cell Effictency, gpl in Raffinate, 3 Extracted
Total
Cell 1 Cell 2 Cell 3 Cell & Efficiency
el % o) T 9p) 3 _ gp) %
Fifth Day Exposure (20 1)
3926,27 Starting Solution, 2.218 gpl Fe;
1st Cell Feed, pH = 1.10; 2nd
Cell Feed, pH = 1.86, 0.509
. gpl Fe
3916,17, 41 RHrs. 1.149 48.1 0.094 81.5 0.060 36.2 0.035 41.7 93.1
18,19
3933,)4, 44.5 Hrs. 1.119 49.5 0.114 177.6 0.065 43.0 0.056 13.8 89.0
35,36
3944 €.0.R. Raffinate: 0.022 gpl Fe
Seventh Day Exposure (18 1)
3992,93 Starting Solution, 2.299 gpl Fe;
1st Cell Feed, pH = 1.10; 2nd
Cell Feed, pH = 1.91, 0.567
gpl Fe
4008,9, 57.0 Hrs. 0.014 99.4 0.014 O $0.L. 100 §p.L. 100 100
10,11
4022 E.0.R. Raffinate: 0.05}

Efghth Day Exposure (18 1)

4040,41 Starting Solution, 2.040 gpl Fe;
1st Cell Feed, pH = 1.22; 2nd
Cell Feea, pH = 1.81, 0.870
gp) Fe
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TABLE 8.85. CONTINUED

Sample No. Conditjons Cel) Efficiency, 9pl in Raffinate, 3 Extracted .
Tota
Cell 1 Cell 2 Cell 3 Cell 4 ¢Efficiency
el s g % _gp) 2 _gpl %

4042,43 62 Hrs. L === =--= 0.132 64.8 0.046 65.2 0.040 13.0 95.4
44,45

4057,58 67 Hrs. 0.582 71.5 0.133 77.1 0.05? 50.8 0.03 46.2 95.5
59,60 .

4054 €.0.R. Raffinate: 0.028 gpl Fe

NOTES: "Detailed data presented in Yable 8.53.
*pi of feed to cell, adjusted to 1-1.2; Raffinate fed to a separate reservor; pli of feed to Cell 2

readjusted to plt of 1.8, solution fed from reservoir to Cell 2. Usually feed for Cell 2 was
raffinate from previous exposure. **

‘Run No. 1, 4, 6 omitted because iron was not completely oxidized and DEHPA does not extract Fe .
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TABLE 8.56. CELL EFFICIENCY FOR ZINC EXTRACTION BY DEMPA: LONG TERN TEST

Starting Solution, 1.628 gp) In
Ist Cell Feed, pil = 1.22; 2nd
Cell Feed, pH = 1.81, 1.070

End of Run (E.0.R.) Composite

Starting solution, 2.207 gp} In
Ist Cell Feed, pH = 1.20; 2nd
Cell Feed, pH = 1.68, 0.239

Sample No. Conditions
First Day Exposure (15 1) -
3745, 3789
gpl Zn
3775,6,6,8 Y Hrs.
3795,96, 14 Hrs.
97,98
3187
Raffinate: 0.080 gpl Zn
Third Day Exposure {19 1)
3846,47
gpl In
3848,49, 26 Hrs.
50,51
3860,61, 29.5 Hrs,
62,63
871 €.0.R. Raffinate:

0.106 gp? In

Cell Efficiency, gpl in Raffinate, % Extracted

Total
Cell 1 Cell 2 Cell 3 Cel) 4 Efficiency
-9pl_ »_ 9p) %3 9l % gp) %
0.912 50.1 0.140 86.9 0.041 170.7 0.032 22.0 97.0
1.207 234.0 0.117 89.%1 0.043 64.1 0.017 60.5 98.4
1.641 25.7 0.036 88.0 0.044 ---- 0.059 ---- 80.3

0.975 55.8 0.043 85.6 0.039 9.3 0.035 10.2 88.3
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TABLE 8.56.

CONTINUED

Sample Ho. Conditions
Fourth Day Exposure (19 1)
3881,82 Starting solution, 2.128 gpl) Zn
1st Cell Feed, pH = 1.06; 2nd
Cel) Feed, pH = 1.99; 1.501
gpl 2n
3883,4,5,6 34.0 Nrs.
3895,6,7,8 37.5 Hrs.
3908 £.0.R. Raffinate: 0.036 gpl
Fifth Day Exposure (20 1)
3926,27 Starting Solution, 1.999 gpl 2n
1st Cell Feed, pH = 1.10; 2nd
Cel) Feed, pH = 1.86; 1.636
gpl 1In
3916,17, 41 WUrs.
18,19
3933,34, 44.5 Hrs.
3944 €.0.R. Raffinate: 0.032 gpl Zn

Cell Efficiency, gpl in Raffinate, % Extracted

Total
Cell 1 Cell 2 Cell 3 Cell 4 Efficiency
gpr 2 _gpd 3 9pl B _gpl %
1.688 20.6 0.221 85.4 0.061 72.4 0.040 59.5 97.3
1.427 32.9 0.270 82.0 0.082 69.3 0.038 53.7 97.5
1.858 14.1 0.339 79.3 0.102 69.9 0.052 49.0 96.8
1.921 3.9 0.440 73.1 0.129 70.7 0.€75 41.9 95.4
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TABLE 8.56. CONTINUED

Sample No. Conditions Cel) Efficiency, gp! in Rafffnate, % Extracted Total
ota
Cell 1 Cell 2 Cell 3 Cell 4 Efficiency
Sixth Day Exposure (19 1} gpl 3 ap!} % gpl % gpl 3
3953,54 Starting solution, 2.162 gpl In
1st Cell Feed, pH = 1.10; 2nd
Cell Feed, pH = 1.91; 1.617
gpl In
3956,57, 50.5 Hrs. 1.868 13.6 0.141 91.2 0.141 O 0.054 61.7 96.7
58,59
39;3.;;. 51.5 Hrs. 1.527 29.4 0.383 76.3 0.108 71.8 0.046 57.4 97.2
3975 E.0.R. Raffinate: 0.050 gp) In
Seventh Day Exposure (18 1)
3992,93 Starting Solution, 2.084 gpt In
1st Cell Feed, pH = 1.10; 2nd
Cell Feed, pH = 1.91; 1.779
gpl Zn
40(;?.9.10 57 Hours 2.122 0 0.455 74.4 0.135 70.3 0.039 71.1 97.8
4022 E.0.R. Raffinate: 0.066 gpl 2n
gEighth Day Exposure {18 1)
4040,41 Starting solution, 1.987 gpl 2In

1st Cell Feed, pH - 1.22; 2nd
Cell Feed, pil - 1.81; 1.420
ypl In
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TABLE 8.56. CONTINUED

Sauple No. Conditions Cell Efficiency, gp! in Raffinate, 3 Extracted Total
Cell 1 Cell 2 Cell 3 Cell 4 Efficlency
S 3 g9l % gp} 3 . gp) 3
40:3:22. 62 Hrs. -e== - 0.209 B85.3 0.038 81.9 0.025.34.2 98.2
40:;:23 67 Hrs. 1.067 46.3 0.231 83.7 0.061 73.6 0.023 62.3 98.4
4054 €.0.R. Raffinate: 0.043 gp} 2n

NOTES: 'Detailed data presented In Jable 8.53.
‘pll of feed to Cell 1 adjusted to 1-1.2; raffinate fed to a separate reservoir; pHil of feed to Cell
2 readjusted to 1.8.
"Run No. 2 omitted because zinc content very low.
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TABLE 8.57.CELL EFFICIENCY FOR

IRON AND ZINC EXTRACTION BY DEHPA:

LONG TERM TEST

Sample Nu. Conditions
(See Tables 8.55, 8.56)
Third Day Exposure
3848 ,49 26 Hrs.
50,61
3860,61 29.5 Wrs.
62,63
3871 End of Run {E.O.R.) Raffinate:
0.137 gp) fe + In
Fifth Day Exposure
3916,17, 4] Hrs.
18,19
3933,34 44.5 Hrs.
35,36
3944 E.0.R Raffinate: 0.053 qpl
fe ¢ In
Seventh Day Exposure
4008,9, 57 Hrs.
10,11
4022 €.0.R. Raffinate: 0 117 gp)

Fe + 20

Cell Efficiency, gpl in Raffinate, $ Extracted

Total
Cell 1 Cell 2 Cell 3 Cell 4 Efficiency

gl 3 o1 3 o gpl ¥ _gpl 3
2.849 42.4 0.086 83.0 0.09¢C ---- 0.109 -=-- 86.1
1.829 63.0 0.098 87.5 0.057 41.8 0.062 ---- 92.1
2.197 47.9 0.433 79.8 0.162 62.6 0.087 46.3 95.9
3.040 27.9 0.554 74.2 0.194 35.0 0.131 32.5 93.9
2.136 51.3 0.469 80.0 0.135 71.2 0.039 71.1 98.3



6.2

TABLE 8.57. CONTINUED

Sample Mo. Conditions

Eighth Day Exposure
4042,43 62 lirs.

44,45
4057,58 67 Hrs.
89,60
4054 E.0.R. Raffinate: 0.071 gpl

Fe + In

Cell Efficiency, gpl in Raffinate, 3 Extracted

Total
Cell ) Cell 2 Cell 3 Cell 4 Efficiency

gl % o) 2 gp) % opl B

=--- ---- 0.341 B85.1 0.084 75.4 0.065 22.6 92.2

1.649 59.1 0.391 85.1 0.084 75.4 0.065 22.6 97.2

NOTES: "See Vables 5.53, 8.55, and B.56.




carried over to the other extraction cells and i1nto the strip cells thereby
contaminating the strip solution; and excessive loss of organic occurred.

An analyses of the crud material showed high iron and phosphorus contents.
Therefore, a series of tests were conducted to investigate the role of iron
content in the aqueous phase. The experimental approach consisted of:

*cleaning out the Reister SX testrack; refilling with new 40 v/o
DZEHPA. 60 v/o KERMAC 4708, 200 gp! HZSO4 strip acid (3 cells) and 4
N"HCl strio acid (1 cell),

‘exposing the new organic and strip solutions to first pure zinc
sulfate solutions; then to a low iron bearing feed; then to a mixed
metal feed. An organic/aqueous ratio of one was maintained in all

extraction and strip cells. (The flow pattern is presented in
Figure 8.15.)

ZINC SULFATE TEST RESULTS
Conditions: 75 liters feed solution, 2.46 gpl in.
Unused 40 v/o DZEHPA, 60 v/o KERMAC 4708B; volume = 32.8 liters.

Unused 200 g/1 HZSO acid doped with ZnSO4 to In concentration =
30.4 g/1, volume’= 12.0 liters.

Unused 4 N HC1 in rack, volume = 4.1 liters.

Cells 1, 2, 3, 4 reed rate maintained @ 0.25 1/min.
Cell 1 feed @ pH = 2.0

Cell 3 feed @ pH = 2.0, ad}usted with 500 g/1 KOH.

Strip acid was replaced hourly to maintain acid concentration at
200 gpl.

Method: Evaluation of crud formation was strictly by observation with most
attention given to cell #1 settler. Crud formation was judged
critical when:

1. interface level in cell 41 became uncontrollable, caused by crud
clogging aqueous jack-leg line.

2. crud overflowed organic weir for transport to strip section with
subsequent contamination of strip acid.

Results: Chemical results for the test series are presented in Table 8.58.
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TABLE 8.58. ZINC SULFATE SOLUTION CRUD FORMATION TEST: Zn

RECOVERY
Condition Zinc Concentration in Aqueous Phase (gpl)
Cell 2 Cell 4

Starting Solutian, 75 liters i
2.46 gpl Zn, pH = 1.96.
Raffinate

45 min. 0.56 (pH = 1.36)

2 Hrs 0.52

3 Hrs 0.41 (pH = 1.37) 0.02

4 Hrs 0.22 (pH = 1.35) 0.01

Notes: . Test conducted in large scale Reister S¥ testrack.
. See text for test conditions.
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Comments:

First stage extraction cell #1 showed considerable crud formation
approx:mately half-way through the run; temperature of feed
solution was at 22.0 C. Feed solution was heated to approximately
40°C, and although crud did not dissipate, it did stop increasing
in amount.

Strip acid replacement was performed entirely in strip cell #3
settler. Evaluation of Zn concentration in each strip cell at end
of run showed significant differences in IZn concentration between
cells, which was assumed to correspond inversely to H,S0
concentrations. Strip acid flow rates between cells 5er3
approximately 0.2 liters/min. allowing for approximately two cell
volumes of aqueous per hour through each cell. Obviously this was
insufficient volume change to distribute new acid throughout the
strip system each hour. Basad on this observation, acid
replacements in all subsequent experiments was performed by equal
volume replacement in each strip cell settler, 3Strip acid
replacement calculation was based on 3.0 g/1 In in feed solution
when actual Zn concentration in feed was 2.46 g/). “this resulted
in over-dilution of Zn concentration in strip acid through course
of this experiment. End of run data indicated In average
concentration to be 24.7 g/1 instead of projected 30.4 g/l.

MIXED METAL FEED SOLUTION TEST RESULTS

Purpose of Experiment:

Conditions:

Method:

Provide mixed metal feed solution to ZnSX system and ronitor crud
formation. Evaluate effectiveness of equal volume strip acid
replacement in each strip cell settler.

75 liters mixed metal leach solution produced from Norris
Industries sludge; i.e., 4470 g Ssludge, 740 ml HZSOA, diluted to
75 liters with DI water.

DZEHPA from previous test.

strip solution left from previous test; 24.75 gpl ZIn; volume
0 liters, three HZSO4 strin cells.

H.SO
2124

HC1 volume increased for this run by placement of an external
reservoir of 4N HC1, total volume HC1 = 19.1 liters, one HCl strip
cell. :

Cells 1, 2 ,3, 4 feed rate @ 0.25 liters/min.

Cells 1 and 2 feed pH = 2.0.

Cells 3 and 4 feed pH = 2.0, adjusted with 500 g/1 XOH.

Evaluation of crud formation same as for zinc sulfate solution
test. 282



Results:

Comments:

Chemical results for the test series are presented in Table 8.59.

rud formation with this feed was more severe than that
encountared with the previous run. Crud in cell #1 settler was
removed after 4 1/2 hours of system operation (i.e., 90% of feea
volume through cell #1) because crud began overflowing organic
weir.

Evaluation of strip section, cell-by-cell Zn concentrations showed
equal volume acid replacaments in each settler to be effective in
reducing differences in In concentrations between cells.

Assay of HCl1 strip showed practically ao Fe content at end of
experiment; also HCl strip showed no yellow color characteristic
of even low concentratiz: of FeCl,. Conclusion drawn was that HCl
used to mix strip had previously geen diluted, resulting in a
strip selution far below 4 N in HZi concentration.

MIXED METAL FEED SOLUTION TEST RESULTS, HIGH IRON

Purpose of Experiment:

Conditions:

Method:
Results:

Comments:

Test crud formation in InSX system with a high iron bearing,
mixed-metal feed solution.

75 liters mixed-metal leack solution produced from Norris
Industries sludge; i.e., 4470 g sludge, 740 ml H,S0,, diluted to
75 liters with DI water. Ferrous sulfate added go gring+5e
cogsent of feed up to 3.0 g/1. H.Oz added to oxidize Fe “ to
Fe «

DZEHPA from previous test.

sto strip replacement scheme as before, volume of strip = 12.0
1fters.

HCY from previous test repleced with 4 N HC1 solution made from
rexgent grade HC1, 18.0 liters in system, one HCl strip cell with
external reservoir.

Cells 1, 2, 3, 4 feed rate @ 0.25 liters/min.

Cells 1 and 2 feed @ pH = 2.0.

Cells 3 and 4 feed @ pH = 2.0, adjusted with 500 g/1 KOH.
Evaluation of crud formation same as for previous test.

Chemical results for the test series are presented in Table 6.60.

Crud formation for this run was extreme. ~Cell §1 of firfst
extraction stage became uncontrollable after 35 liters of feed
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TABLE 8.59. MIXED METAL SOLUTION CRUD FORMATION TEST: JRON AND ZINC
RECOVERY

Conditions Metal Concentratior in Aqueous Phase (gpl)

Cell 2 Cell 4

Starting Solution, 75 liters
0.33 gpl Fe, 2.74 gp!l In,
1.80 gpl Cr, pH = 1.95.

Raffinate Fe Zn Fe In
1.5 Hrs <D.L. 0.16 - -
2.5 <D.L. 0.13 <d.L. 0.0
8.0 <D.L. 0.11 <D.L. 0.0i
5.0 <D.L. <D.L. «D.L. < D.L.
(pH:1.34) (pH:1.63)
Notes: . See text page 283 for conditions.

. Test conducted in large scale Reister SX testrack.
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TABLE 8.60. KIGH IRON MIXED METAL SGLUTION CRUD FORMATION TEST:
IRON AND ZINC RECOVERY

Conditions Metal Concentration in Aqueous Phase (apl)

Cell 2 Cell 4

Starting Solution, 75 liters
2.71 gpl Fe, 2.68 gpl Zn,
1.63 gpl Cr, pH = 2.03

Raffinate Fe Zn Cr Fe n Cr
1.5 Hrs 0.01 0.33 1.78 <D.L. 0.01 1.66
(pH = 1.63)
3.0 <D.L. 0.9 - <D.L. 0.01 -
(pH = 1.28) (pH = 1.59)

Notes: . See text page 283 for conditions.
. lest conducted in large scale Reister SX testrack.
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because jack-leg plugged with crud. Experiment was halted, cell
#l settber cleaged of crud, and temperature of the feed increased
from 20°C to 45°C. Operation continued with only a slight
decrease in crud formation rate.

Cell #1°of the first stage extraction appeared to be removing a
good portion of the Fe sresent in the feed solution. Color change
between cell g1 feed and cell #1 raffinate led to this suspiciun.
The feed stream was dark green in color; characteristic of a high
Fe bearing solution, and the raffinate stream from cell #1 was
light blue in color: characteristic of the Norris sludge leach
solution before Fe addition.

8.4.3.2. trud Problem Solution

The crud formation problem was overcome by switching the kerosene diluent,
KERMAC 510 was substituted for the previously used KERMAC 470B. A comparative
analysis between the two kerosenes is presented in Table 8.61. The mzjor
difference 1s the aromatic content, i.e., 470B has a nominal 11.7% aromatic
content, 510 has a nominal 2.5% aromatic coantent.

A1l subsequent testworx was performed using 510 as the diluent. The
long-term continuous testwork was initiated using 4708. Crud formation was
initially a problem in that test set-up (Bell Engineering Testrack) but the
problem disappeared when the diluent was switched from 4708 to 510. Phase
separation, metal value selectivity, metal value recovery (Zn plus Fe), and
interface control were excellent throughout the test series.

8.5. SOLID-LIQUID SEPARATION

An Ingersol-Rand 360 IX LASTA pilot scale filter press (shown pictorally
in section 8.14) was purchased for the project. The particular press system
was chosen so that a number of experimental variables could be investigated,
e.g., cake compression, wash options, flow rates, back pressures, temperature,
filter cloth porosity, air drying. Extensive investigation to establish
optimum filtering conditions has not been performed. Filter press features are
presented in Table 8.62.

The filter press has been useud on large scale tests to separate the
jarosite-leach residue solid mixture from the solution. Tests have been
performed on filterability of leach residue and on mixtures of jarosite-leach
residues. Typical results are summarized in Table 8.63.
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TABLE 8.61. COMPOSITICN CF DILUENT USED FOR DISSOLUTION OF DEHPA

Diluent Composition, %

Paraffins Naphthalenes Aromat;cs
KERMAC 4703 48.6 39.7 11.7
KERMAC 510 —.-- ——-- 2.5

NOTES: ‘“Composition was not determined during this study. Values reported are
from l1iterature sources (Ref. 28).

TABLE 8.62. PILOT SCALE IR LASTA FILTER PRESS

Material of Construction: All wetted parts 3165S except diaphrams are
natural rubber

Filtering Area: 0.104 M2 (2.2 ft.2)
Chamber Volume: 1.2 liters (0.3 gal.)
Pressure: 2

Feed Solution 7 kg/em 2(99.5 psi)
Compression water 15 kg/cm® (213 psi)
for diaphragm testing to

20 kg/cm® (284 psi)

The filtering rate for a jarosite solid is much greater than the filtering
rate of the leach residue. This is, in fact, one of the main reasons for
removing iron as a jarosite, i.e., the ease in solid/liquid separation.

The jarosite filtering rates achfeved in this study are compared to
commercial filtration data supplied by Ingersol-Rand, Table 8.64.
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TABLE 8.63. FILTERABILITY TESTUORX

Leach Residue: Test 29-2

Volume Liquid Suspended

Operating Sequence Time {min.) Recovered (liters) Soli¢ (mg/1)
Feed 7 3.2 75
Core Blow 0.3 .-

* Top Wash 3 1.7 )
Precompression 1 0.9 ) Composite 140
Backwash 3 1.1 )

Compression 5 0.5 )

Resulting cake moisture (average of three separate press tests): 46.4% solids.
Solid lozding rate (average of three separate press tests): 4.5 kg/mzlhr.

Jerosite-Leach Residue Mixture

Volume Liquid Suspended
Feed Test No. Time (min.) Recovered (liters) Solid (mg/1)
5-1 6 20.1 ce-
5-2 8 301 ---
5-3 13 20.6 .-
5-4 n 15.9 ---
5-§ ] 13.9 ---
Top Wash Test
5-1 4 18.3 -—-
5-2 4 3.9 ——
5-3 —- 3.0 -
5-4 4 2.3 ---
5-5 4 2.4 .

Resulting Cake Moisture and Loading Rate

Loading Rate

Test No. % Solids kg/mé/hr.
5-1 67.9 54.0
5-2 68.6 41.0
§5-3 71.2 26.3
5-4 66.9 29.1
5-5 66.2 35.1
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TABLE 8.64. JARJSITE FILTPATION RATES

Present Study Japan* Canada*
Feed Solids : . 40-50 50-55 20-30
Solids Loading Rate 25-55 80-100 40-50
(kg/me/hr.)
Cake Solids (%) 66-71 78-80 75-78

*data supplied by Ingersoll-Rand(“s)
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Settling rates are exceptionally rapid for jarosite solids. The
experimental solid/iiquid separation in the large scale testwork was, in fact,
accomplished by allcwing the solids to settle; pumping a major portion of the
liquid out of the leach vessel; then filter pressing the remaining slurry.
These tests were performed in a 270 liter vessel containing about 200 liters of
solution plus solids. The jarosite settling was essentially complete in less
than 30 minutes.

8.6. COPPER SOLVENT EXTRACTION TESTWCRK

8.6.1. Small Scale Preliminary Testwork

A large number of preliminary small scale shake tests were performed to
characterize several commercially used copper extractant reagents, LIX-64N,
LIX-622.

8.6.1.1. LIX 64N

Preliminary shake tests were conducted to establish potentially important
variables and experimental procedure. The design matrix that was developed
from preliminary tests is presented in Table 8.65. The results show that
copper extraction is primarily a function of LIX-64N content, and leach
solution pH and that the presence of deconol decreases copper extraction. The
other variables have minimal influence on copper extraction. The effects
portion of the table indicates that none nf the six variables studied greatly
influence the extraction of other elements. Conditions can be chosen from the
design table matrix to achieve effective and selective copoer extraction.

A number of other tests were conducted using the LIX-64 reagent. The
influence of pH on copper extraction (other metal extractions are shown in a
data table on the same figure) is presented in Figure 8.16. Copper is
preferentially extracied from the leach solution at pH values up to 1.75, i.e.,
Cr, Ni, In, Fe, and Cd are not extracted. Some iron was extracted at a pH of 2
and above. Note, however, that in these tests there was a large excess of
LIX-64 reagent above what is required to remove the low copper content, i.e.,
further experimental work showed that approximately 0.1 gpl Cu is removed from
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TABLE 8.65. DESIGN IATRIX FOR LIX GAN EXTRACTION OF COPPER FORM SLUDGE LEACH SOLUTION (1/8 REPLICA)

- *Organic/Aqueous = 1: SO0cc each

*Test S Duplicated
-Baseline Run Three Times

s
: LIx 84N Iype | Deconel Tae Tesp. Leach
f (%) JIxerosene] (2) {ein.) 19¢) Selution
] [-L]
8ase 15 Jazo8 | 10 3 40 1 1,28
unit 5 -- 10 ] 15 0.2%
Wigh +.] | 20 { 4708 2 ] 55 2. Results - Extraction by Organic (%)
Tow -] 1 25 . _
Test Cr NY - n Cd
219 1 - - - - - - 3.3 9.6 J42.8 8.6
z80]  ? G = - G - 3 .6_[13.0_]10.0 7.8
781 3 g 3 g 7 T < 2.8 | 1.4 Y.72_ ]
262 [ + + - - + + 8.5 1 8.6 8
283-7, 5 - - + ¢ + + 22.7) fie.o0s.df5.8(0.1)72.1{s.3) p.6(8.8)
284 ) * - + - + - 0 1.7 §12.1 Q ,
[ 285 7 - ¥ + = - G . 5.0 | 8.5 2.\ 8.6
285 [ + - - 3.3 12.0 2,5 3.6 8,
26890 Baseline . t 4 9.3%01[5.5 ¢ 1.0 B.7¢1.7 JB.5%2.3 [0.6:0.8 9.a_zﬁ.s—
Max, 6p.1%9,] 22.6 v32 1247 |i2, i85
Effects VarTatTon & L
e H—e 2 NOTE: -Leach Solution from Sludgebarrel 1
Cr 061 0.7 ) -0.8] -0.9 -1.2 T. -Initial Solution Composition (gpl)
d 0.91 -0.4 - 0.7 0.7 -Z.4 1.9 | Cu 0.45 2 0.01, Cr 0.24 £ 0.02,
in - 2.8 1 -7.4 -4.3 -5 ¥ -3.3 - J. In 1.40 £ 0.03, Fe 2.00 £ n.04,
Td = 0.2 0.5 | -0.2 -0.2 V.7 [ ¢+ .0 | N1 0.86 2 0.03, Cd 0.081% 0.002
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1 1 L |
10 v/o L1x 64N
80 v/o Kapoleua 4708
0/A a1
Temp = 25°C
Tiee = 3 ain,
8o
=
[
S
< 60 pH « 1.6 pH » 1,75 ol - 2.0
i €lement Conc. Ert(%) Conc. €£xt(%} Conc. Ext(%)
ko tlement Conc Cone Conc. Ext(%)
o Cu 0.17 63.8 0.05 88.8 0.05 9l.&
o cr 0.26 0 0.27 0 0.26 0
2 Ni 0.862 0 0.6 0 0.8t 0
& gof 152 0 146 0 lus 0
© Fe 1.97 0 2.0 0 1.59 185
¢d 0.08 0 0.08 0 0.08 0
. Initial Solution Concentration (gpl)
v 0.46 = 0.02
e er 0.27 + 0.02
20 i 0.82 * 0.05
In 1.8 = 0.08
Fe 1.86 2 0.11
¢d 0.08 = 0.005
1 ] 1 |
0
1.50 1.75 2.00
Inityal pH

Figure 8.16. Influence of pH on LIX 64N extraction
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a leach solution by each volume percent (v/o) of LIX-64 reagent; Table 8.66.
This means then, that an excess amount of LIX-64N was present in the isotherm
tests and that other cations may be picked up {at the higher pH levels) once
the copper is removed from the solution. A better designed experiment would
have been to expose the solution to an organic phase of about five v/0 LIX-64N.

The influence of LIX-64 concentration on metal extraction at a fixed pM is
presented in Figure 8.17. McCabe-Thiele equiliorium extraction isotherms, pH
1.98 ;nd pH 2.20, are presented in Figures 8.15 and 8.19. The experimental
data developed for the McCabe-thiele diagrams are presented in Tables 8.67, and
8.68. The reader should note that the data reinforces the previous conclusion
that LIX-64 reagent is, indeed, very selective toward copper.

The above described tests were conducted on low copper contafning
solutions. Shake tests were also performed on high copper (4.86 gpl) solutions
at various 0/A ratios and pH levels., The results are presented in Table 8.69.
The copper content is not extracted from the aqueous phase to low levels
because the LIX-64N content (40 v/o) will only extract 0.06-0.1 gpl Cu per v/o
reagent, i.e.,v 4 gpl. (The copper loading into the organic achieved in the
present study was only about one-half the loading quoted by Henkel Corporation
in their literature, t.e., 0.25 gpl Cu / v/0o LIX-64N. The reason for this
difference is presently unexplained.)

The successful extraction of copper by LIX-64N was further demonstrated in
a.larger scale test, i.e., ten liters of leach solution was treated in a

three-stage continuous (600cc mixer, 100cc/minute flow rate) system (Bell
Engineering unit). Three stages of organic loading was followed by two stages
of organic stripping. The test conditions and results are presented in Table
8.70.

Copper extraction using LIX-64N is commercially only practiced for low
concentration solutions, {.e.,~ 2 gpl Cu, and LIX-64N contents seldom exceed
10-12 v/o. The present study deals with copper contents usually greater than 2
gpl Cu. Tharefare, one should consider the reagents that are designed for
higher copper loading, such as, ACORGA 5100 or LIX-622 reagents. Experiments
were conducted with both ACORGA 5100 and LIX-622. LIX-622 was chosen for large
scale Cu SX test work but ACORGA 5100 w~ould also be appropriate. The procedure
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TABLE 8.66. SUMMARY OF COPPER LOADING IN LIX 64 N (4Qv/0)-KERMAC 4708

g_Lpl Cu / v/o LIX 64N

— 0/A >
Initial pH 10 5 2 1 0.5 0.2
pH = 1.50 0.09 .- - 0.06 ' 0.02
pH = 1.75 0.09 0.10 0.10 0.08 0.06 0.03
(0.10) (0.06)
pH = 2.00 0.11 " 0.0 0.04

NOTE: . HMaximum copper loading 6.6 gpl.




Copper Extraction (%)

100

| i | | |
o
Conditions: One Caontact
Three sinutes
80 p== Teap., = 25%C=
60|~ -
Initial Conc. S v/o LIX 10 v/o LIX 15 v/o LIX 15 v/o LIX
Eluent Conc. Conc. Ext (%) Cone. €xt () Conr. Ext (%) Conc. Ext (%)
Cu 0.46 2 .02 0.1? 63.0 0.13 71.1 0.046 90.0 0.0S0 89.2
40 f== Fe 1.86 = .11 L.78(2.068) 0 1.90(1.97) O 1.72(2.07) O 1.67(2.03) O -
Ce 0.22 2 0.02 0.25( .26) 0 0.25 0 0.26( .22) 0 0.25 0
Ni 0.82 2 0.05 0.80 0 0.80 0 0.85 0 0.81 0
in 1.48 2 0.08 1.52 0 1.52 0 1.50 0 1.5 0
20 b= Cd 0.08 = .005 0.08( .08) 0 0.07(0.08) 0 0.08( .08) 0 0.08(0.08) O -
0 L | | 1 |
0 A 8 12 16 20 24

v/0 LIX 64N in KZRIAC 4708

Figure 8.17. Influence of LIX 64N concentration at pH = 1.76.
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Organic: 10 v/o LIX 64N, 90 v/o Napoleum 470 B -
2.0b= pH = 1.98 -
1.6p= ® -
a
=2
(3]
T
g] 2 ey
| %S
S
Initial Solution Comp. {gpl)
. Cu 0.5620.0¢
0.8 fe 2.4620.12 -
h ce 0.2820.02
[ H 1.0520.06
In 1.7520.10
0.4p= ¢d 0.1020.006 -
(Data presented in Table 8.50)
o | ! | L
0 0.05 0.10 0.15 0.20 0.25

Aqueous (gpl)

Figure 8,18, McCabe-Thiele equilibrium extraction isotherm: LIX 64N,
pH = 1.38.
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Orqganic (gp))

2.4 1 T i I
Organic: 10 v/o LIX 64M, 90 v/o Napoleus 4708
2.0 e pd = 2.20 Y any
‘-6 —— amunt
Initial Solution Comp. (gpl):
0.8 - Cu 0.5420.06 -t
. Fe 2.46:0.12
Cr €.28:0.02
N, 1.0520.06
0.4 = Zn 1.7920.10 -
cd 0.1020.006
. l 1 ! !
b .05 0.10 0.15 0.20 0.25

Figure 8.19.

Aqueous (gpl)

Mcfabe-Thiele equilibrium extraction isotherm: LIX 64N,

© pH = 2.2.
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TACLE 8.67. WcCABF-THIELE DIAGRAM DATA: pH = 1.98
0/A Ratio Element Concentration (gp!)
Cu Aqueous
Organic fqueous fe Cr Ni In CJd
10 0.060 se= 2.26. 0.26 _0,94 1,66 0.09
5 0.256 0.01: (0.018) ---_ (2.16) ] 0.24 (0.25) | 0.87 (0.95) | 1.46 (1.60'] 0.09 (0.09)
2 0.376 (0.4n2) 0.035 (0.031) 2.26 0.26 0.95 1.64 0.09
1 0.670 (0.670) 0.058 (n.032) 2.19 0.25 0.96 1.60 . 0.0y
0.5 1.004 (0.996) 0.065 {0.074) 2.29 0.26 0.94 1.66 0.09
0?} 1.600 0.175 (0.196) 2.3 0.26 0.97 1.70 0.09

Starting solution (gpi):

0.54:0.04 Cu, 2.46:0.12 fe, 0.28:0.02 Cr, 1,0510.06 Ki, 1.75:0.10 Zn, 0.10:.006 Cd.
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TABLE 8.68. McCABE-THIELE DIAGRAM DATA: pif = 2.20
0/A Ratio Element Concentration (gp1)
Cu Aqueous
Orqanic Aqueous Fe Cr Ni In Cd
19 0.143 0.009 2.18 0.25 0.95 1.62 0.09
5 0.234 0.005 (0.008) 2.13 0.74 (.25) | 0.86 (0.92)| 1.60 (1.58) [0.08 ( .08)
2 0.400 (0.378) {0.007 (0.007) 2.10 (2.17) | 0.24 (.25) 0.90 (0.94) ] 1.55 (1.60) 10.08 (0.09)
1 0.596 0.011 2.23 0.25 0.96 1.65 0.08
0.5 1.166 (1.114) | 0.049 (0.022) 2.16 (2.19) | 0.25 (.25) ] 0.91 (0.94)] ).58 1].60) 0.08 (0.09)
n.2 1.540 0.179 {2.176) 2.21 G.25 0.94 1.62 009

Starting sotution (gpl):

0.54:0.C4 Cu, 2.46:0.12 Fec, 0.28:0.02 Cr, 1.05:0.06 Ni, 1.75:0.10 In, 0.10:0.006 Cd.
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TABLE 8.69. LIX 64N ISOTHERM DATA:

40 v/o LIX 64N APPLIED TO LEACH SOLUTION

Sample No.

1061

1064
1065
1069
1066
1067
1070
1068

107
1072
1073

Condition

Starting Solution

pH = 1.75

0/ = 5
O/A = 2
0/A = 2 (repeat)
O/A = 1
0/A = 0.5
0/A = 0‘:'5 (repeat)
0/A = 0.2
pH = 1.5
O/A = I
O/A = |
0/A = 0.2

Concentration (gpi)

Cu Fe In ni Cr Cd Al
4.86 15.16 10.34 .12 1.04 0.58 4.7
0.82 14.68 10.02 4.04 1.02 0.57 4.58
0.90 14.32 9.76 .97 1.0 0.56 4.46
0.87 14.59 9.87 4.06 1.02 0.57 4.53
1.52 14.58 9.88 4.06 1.0 0.5 4.50
2.34 13.97 10.16 4.18 1.04 0.59 4.67
2.3 15.22 10.91 4.24 1.06 0.60 4.72
3.54 15.23 10.32 4.26 V.06 : 0.60 4.73
1.22 14.64 9.92 4.04 1.02 0.57 - 4.53
2.28 15.20 10.27 4.23 1.05 0.60 4.66
3.97 15.06 1015 4.17 1.04 0.59 4.62
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TABLE 8.69. CONTINUED

Sample Mo. Condition Concentration (gpl)
Cu Fe In N Cr Cd _Al_
PH = 2.0
1074 0/A = 10 0.34 15.38 10.44 4.26 1.07 0.61 4.80
1075 O/A = ) 0.94 15.40 10.45 4.38 1.08 0.62 4.72
1076 0/A = 0.2 3.36 16.07 10.81 4.49 .n 0.64 4.93
NOTE: -Organic phase: 40 v/o LIX 64N, 60 v/o 4708 contacted with leach solution (892) to pre-condition;

then stripped with synthetic electrolyte solutfon (30 gpl Cu, 180 gp) H2504).

*Al11 contacts performed for 3 minutes at 200C.




TABLE 8.70. CONTINUOUS COPPER EXTRACTION FROM MIXED METAL LEACH SOLUTION BY
LIX 64N

Organic Phase: 10 v/o LIX-64N; 90 V/0 KERMAC 470-B

Aqueous Phase Composition (gpl): Cu fe Cr Ni In pH
2.80 7.03 0.64 6.86 8.13 Adjusted

to 2
Loading Contacts 3, 0/A = 1
Stripping 2, 0/A =10
Flow Rate 100 cc/min.
Volume Treated 10 liters
Coppger Content of the Raffinate 11 ppnm
Copper Content of the Strip Solution 4.96 gpl
Acid in Strip 20 v/o HZSO4

used to develop the isotherm data follcwed that prescribed by Henkel
Corporation (30): The organic solution is loadzd with a little copper by
contacting it with feed in a separatory funnel. Next, the organic is shaken
with 3 typical tankhouse electrolyte (30 g/1 Cu, 150 g/1 sto4) at an C/A = 1.
This pre-prepared organic is then contacted with aqueous leach solution at
various O/A ratios. The two phases are recovered and analyzed.

8-60102. le-szz

LIX-622 is a reagent developed by Henkle Corporation for copper extraction
applications under acid conditions where the pH <1.5 and where the copper
content is rather high, i.e., and >2 gpl. The design matrix results (Table
8.71. and 8.72.) verify that effective copper extraction occurs within the pH
range 1.0-1.5. The effect of pH (in the range 1-1.5) is not very important
with respect to copper extraction, but it is important to keep the pH low in
order to minimize the extraction of other elements (which does occur to a
greater extent as pH is raised). From the effects purtion of the design matrix
table it appears that pH is the only important variable influencing extraction
of elements other than copper.
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TABLE 8.71. DESIGN MATRIX FOR LIX-622 EXTRACTION OF COPPER FROM SLUDGE LEACH SOLUTION (1/2 REPLICA)

2 LI 622 Type | Deconol Ris Ria Leach
H (x) Kerasend (%) Viee Tesp. | Soluticn
! (oind (%) o8
Base - .25
oy I: 43?_8 :g : :2 ;Z: Results: Extraction frem Solution (%)
High (.} 0 4717-B 20 55 .5 . *
tow (-) 0 450 0 1 .0
Teat Wo, Cu Te Tr 111 n td
0 1 - - - - - - 8.0 5.0 . 7.0 | 15.0 .
Wl 2 0 - - 0 - ¥ 7.0 | 33.0 | 31. 29.0 32.0_| 25.0
T N - + - + + - . 8.0 | B.0 5.0 4.0 8.0 0,0
342 4 + + - - 4 + 80.0 28,0 25,0 24.0 28, L0
N8 5 - - + + + + 70.0 8.0 25.0 23.0 28.0 2,0
NoL]s? 6 * - * - + - 8.0 19.0(10,01 § .0(8.0) [+.0(+.0) |9.0(5.0) 0.0(0.0)
350 ) - + + - - + 50,0 30.0 28.0 26.0 300 25,0
[ 251 [] + + + + - - 6}1.0 10.0 8.0 6.0 10,0 0.0_ |
153-4 Basa 87.04.0 [12.0°1.0 [10.0°2.0 p.o'1.0_ 112.0°2.0 ]0.0°0,)
Mas. B0p.] 24.6 + 8.3 21 6.5 1.0 6.0 W)
Effects Yariation
Cy 0.2 1-4.5 -14.0 4.8 =0.2 0.5 =, . .
fa T 09 04 1B 96 ] NOTc: -Sludge Type 2
Cr 0,4 1-1. - 1.1 -0.4 =2.4 9.4 -Initial Solutiun Composition {gpl):
R 0.1 1-09 -1 0.4 | 211 96 | 0.66 Cu, 3.18 Fe, 0.36 Cr, 1.37 Kf,
[ 0.21-10 |-081 -05 1B 1 95 2.29 n, 0.12 Cd
c -1.0 1-1.0 }-1.0 -1.0 1 -301 95 -Organic/Aqueous = 1; S0cc each

-Test 6 dunlicated
*Baseline run three times



t0E

TABLE 8.72. OBSERVATIONS OW PHASE SEPARATION: DESIGN MATRIX TESTS (TABLE 8.54)
FOR COPPER REMOVAL USING LIX 622

Test 1 Observations

! Good Separation

2 Fair Separation, Mucky*

k] Good Separation

P " "

5 . .

6 . -

6b . .

<3 - -

8 . . s Little Muck
paseline A . - » But Some Muck
Baseline B . . = =
Baseline C . . - . . .

*Muck: A layer of organic-aqueous that disappears slowly.




The design matrix study approach should only be considered a qualitative
evaluation of system experimental variables. The interpretation should be
limited to pointing out parameters that have a large effect on element
recovery. The design matrix results show reasonably high metal value
.extraction of associated elements. This result, however, is due to tﬁe fact
that the tests were conducted prior to establishing the extraction ability of
the LIX-622 reagent, i.e., the extraction ability of LIX-622 is approximately
0.3 gpl Cu / v/o LIX-522 (see Table 8.73). Therefore, for the LIX-622 contents
used fn the design matrix a very large excess of reagent was present, e.g.,
even for the lowest concentration, 5 v/o LIX-622, the reagent has the ability
to pick up approximately 1.5 gpl Cu from the aqueous solution (the starting
solution contained only 0.66 gpl Cu). The data are important, however, to
consider because they illustrate that even in the presence of a large excess of
reagent thac impurity pick-up by the organic is coatrollable, e.g., for the
basciine candition lowering the pH of the aqueous phase from 1.25 to 1.0 should
decrease the extraction of copper by only 0.5% but should decrease the
extraction of all associated elements by 10% which would mean essentially no
associated elements would be extracted (even in the presence of a large excess
of reagent).

The above interpretation is confirmed in Table 8.74., where a high copper
bearing solution (7.54 gpt Cu) is contacted with a 25 v/o LIX-622 organic
phase, i.e., note that essentially no associated element is removed. The
concentration of LIX-622 should have been slightly greater to more effectively
reaove all the copper.

The influence of pH on copper extraction from a sludge leach solution
containing a nigh concentration of copper and iron is presented in Table 8.75.

Selective copper recovery from a mixed metal solution can be achieved from
iron bearing solution (before jarosite) or from iron free solutions (after
jarosite). However, the phase separations are not as fast or as clean for the
before jarosite leach sciutions.
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TABLE 8.73.

COPPER LOADING SUMMARY IN LIX S22 (25 v/o) - KERMAC 4708

Sample No.

1044
1045
1046
1050
1047
1048
1051
1049

gpl Cu / v/o LIX 622 @ pH = 1.75

0/A

0.2

0.27

0.30
0.30
0.30
0.2%
0.21
0.20

o.n1

NOTE: -See Table 8.57 for nrocedure.

*Maximum copper loading in organic phase:

14.4 gpl.




L0g

TABLE 8.74. LIX 622 ISOTHERM DATA: 25 v/o LIX 622 APPLIED TO JAROSITE TREATED SOLUTION
Sample No. Condition Concentration {gpl)
Cu Fe In N Cr Cd Al

1042 Starting Solution 7.54 22.08 14.90 6.17 1.46 0.86 5.69

{Barrel 2 siudge)

Jarosite Solution
1043 Unfiltered leach 1042 7.69 6.53 15.43 6.60 1.24 0.94 4.72

subjected to potassium

Jarosite conditions for

4 hours. Final pH = 1.75

Isotherm (25 v/o LIX 622, '

75 v/0 KERWAC 4708

Organic exposed to

solution 1043:
1044 0/A = 10 0.10 6.56 15.5€ 6.64 1.25 0.95 4.77
1046 O/A = 2 a.17 6.7 16.01 6.87 1.28 0.97 4.86
1050 0/A = 2 (repeat) 0.23 6.58 15.62 h.67 1.26 0.95 4.79
1647 /A =1 0.53 6.68 15.93 6.87 1.28 0.97 4.88
1048 O/A = 0.5 2.33 6.68 16.56 6.99 1.31 1.00 5.02
1051 0/A = 0.5 (repeat) 2.68 6.56 15.6} 6.66 1.25 0.94 4.0
1049 O/A = .2 4.81 6.50 15.30 6.53 1.23 0.92 §.70
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TABLE 8.74. CONTINUED

NOTE: -Standard leach on Barrel 2 sludge; V/2 hr., 509C, pH = 1-1.5,

«Jarosite conditions: leach solutions plus leach solids subjected to conditions
of: 90°C, 4 hrs., K,504/Fe = 1, initial ph = 2.5,

*Organic phase: 25 v/o LIX 622, 75 v/o 4708 contacted with 10 gp) Cu in ammonical
solution for 3 min., then stripped with 180 gpl stoq.

A1) contacts performed in 125 cc separatory vessels for 3 minutes at zJ°C.




TASLE 8.75. INFLUENCL OF P ON COPPER EXTRACTION FRO! SLUDGE L "ACH SOLUTION: L1X 622

60¢

Solution
__ph(Initial) Concentration in Solution After Contact (gpl)
Cu fe Hi In Cr Cd
_9pl [xtr:cted
1.00 3.4 se=- 7.31 2.66 5.20 0.50 0.37
(Feed-No Contact)

1.00 0.94 72.4 7.36 2.66 5.23 0.50 0.38
1.25 0.3l 90.0 7.36 2.68 5.24 0.51 0.36
1.51 0.16 95.3 1.37 2.69 5.20 0.51 '0.38
1.75 o.n 96.8 1.25 2.713 5.4 0.51 0.39
2.00 0.08 97.7 7.16 2.69 5.12 0.4¢ 0.3

NOTE: +10 v/o LIX-622
*90 v/o KERMAC 4708

«0/A = 1, 50 cc each, concentration corrected for dilution by pH{ adjustment
*One contact




8.6.2. Large Scale Copper Extraction Testwork

A large scale leach {1/10 design scale) was performed to su4pply leach
solution (14 liters) for the new one-gallon mixer solvent extraction system.
LIX-622 was used as the extractant. The results are presented in Table- 8.76.
Copper was removed from the leach solution to a level of 43 mg/liter. ‘“ther
metal values were not extracted.

Results of large-scale testwork in the Reister SX system is preseated in
Table 8.77. Copper can be selectively and effectively removed from the leach
solution. Phase separation is excellent and only after many hours of operation
using the same reagent does a muck layer build up at the interface. The muck
layer can be easily withdrawn by simple aspiration. The muck layer is fine
narticulate jarosite carried into the system in the leach solution.

The large scale testwork was probably not run sufficiently long to
establish steady state conditions in the system. Henkel in their test work,
even in a small continuous system, states(ao) that they run tests for periods
of at least 4-5 days to determine steady state conditions and to really
understand what element distribution is occurring during the transfer and to
understand if crud formation is going to be a problem. Long-term tests were
performed during the Phase Il study.

Several associated studies were performed to understand more about the
control of the large scale SX system. One such study was to run the system
near 500 cc/min. to determine if the interface levels could be established and
maintained. The system was contirollable and once the interface levels were
established cnly minimum attention to adjustment was required. Chemical
results from the control test are presented in Tabie 8.78.

At one point in the study it was felt that aging time of the leach
solution may influence greatly the formation of crud and muck in the SX system.
This supposition was proved unfounded (at least for aging times of one month).
However, interesting small scale batch testwork was performed on aged seolutions
for copper extraction by LIX-622. Studies were conducted on leach solution
(high iron) and jarosite treatment (low iron) leach solution. The influence of
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TABLE 8.76. FIRST LARGE SYSTEM (ONE GALLOK MIXER-SEVTLER) 1EST FOR COPPER EXTRACTION USING LIX 622

Conditions: 15 v/o LIX 622

85 v/o KERMAC 4708
Two Stages of Extraction
One Stage of Strip
pht of Leach Solution into System: 1.75
Temperature ; 259
Solution Flow Rate : 250 cc/minute
Total Volume Treated : 14 lters
Strip Acld : 200 gpl MzSt)4

- Cu Fe Ni In Cr Cd

Original Feed (gp}) 2.73 6.10 1.90 4.08 0.42 0.24

Raffinate (gpl) 0.043

6.14 1.99 4.12 0.4 0.25




TABLE 8.77.

COPPER EXTRACTION BY LIX-622 DURING LARGE SCALE TESTWORK IN THE REISTER TESTRACK

2le

Sample

1523
1524

1802
1797
1805
1816

2127
2129
Q42
2144

2494
2499

Raffinate,

Condition

40 Liter Test {10 v/o LIX-622)

Starting Solution, pH = 2.14
Raffiuate (composite),

pH = 1.73

60 Liter Test (10 v/o LIX-622)
Starting Solution, pH = 1.9

Raffinate, 1/2 hour
" 2 hours
" 4 hours

90 Liter Test (10 v/o LIX-622)

Starting Solution, pH = 2.01

2 hours (pK = 1.33)
6 hours

" Composite

160 Liter Test (15 v/o L1X-622)

Starting Solution, pH = 1.9
Raffinate {composite) pi » 1.3 0.030

Concentration (gpl)

1,37
0.017

0.39

0.00?
0.065
0.022

3.05

Continued
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TABLE 8.77. CONTINUED

NQTES:

-Solutions treated for fron removal by jarosite precipitate prior to SX exposure.

+40 Viter test conditions: 2-state extraction (C/A = 1)
V-stage strip (0/A = 1, 150 gp) 12504)
Flowrate: 250 cc/min. all phases
Temperature: 30-50°C

«60 liter test conditions: 2-stage extraction {0/A = 1)
1-stage scrub (100 gp) K2S04)
1-stage strip (O/A = |, i75 gpl H2504
Fleowrate: 250 cc/min. all phases
Temperature: 30-500C

90 liter test conditions: 2-stage extraction (0/A = 1)
2-stage strip (0/A = 1, 150 gpl H~SO4
Flowrate: 250 cc/min. all phases
Temperature: 30-50°C

160 Yiter test conditions: 2-stage extraction (J/A = 1)
2-stage sirip (0/A = 1, 175 gp? HpS04)
Flowrate: 2%0 cc/min. all phases
Temperature: 30-509C




ble

TABLE 8.79. CHEMICAL RISULTS ON LARGE SCALE Cu SX CONTROL TEST

Sample No. Condition Concentration (gpl)

Cu Fe N{ Cr in Cd Al

2093 Feed (mixture of 1466 3.94 1.58 6.48 0.59 10.10 0.69 1.40
and 1991)

2092 Composite Raffinate 0.26 1.23 5.44 0.53 8.74 0.58 1.50
(8 gallons - flow (NOTE: System at start-up contained 2 gal of previous leach
rate 250 cc/min.) solution .. can’t compare decrease tn 2093 feed)

2094 Composite Raffinate 0.070 1.57 6.43 0.59 10.05 0.68 1.40
(7 gallons - flowrate (NOTE: System switchea from 250 cc/min. to 475 cc/min. so
475 cc/min.-design solution composition in cells same as feed 2093.
limit for system' .

2095 Strip from recycled 17.22 0.02 0.03 0.01 0.10 <D, L. 0.03

above two tests

NOTE: °10 v/o LIX 622, 90 v/o KERMAC 4708B.

«Two stages of extraction (0/A = 1), two stages of strip (0/A = 1),

+System mixers each had a flowmeter instelled and flows controlled at designed rates.




aging and solution dilution on LIX-622 extraction of copper was observed on
each type of solution. The results “or the non-jarosited sclutions are
presented in Table 8.79. The aging effect was very pronounced on undiluted
leach, i.e., less copper was extracted from the longer aged solutions. There
was not much difference between a five hour age (0.7 gpl Cu removed) and a 22
hour age (0.78 apl Cu removed) but there was much more copper extracted from a
1.5 hour age (1.16 gpl Cu removed). The same trend was true of a 20 v/o
diluted solution tut essentially no aging effect was noted when the solution
was diluted by 100 v/o.

The results for the jarosite treated leach solutions are presented in
Table 8.80. The aging effect on undiluted leach solution showed 20 percent
less pick-up of copper by a solution aged for 13 hours. There appears to be
essentially no aging effect for the 20 v/o dilution and 100 v/o dilution test
results.

Insufficient test work has been performed to establish the reason for the
apparent aging effect in some cases and not in others. The effect may be of
only academic interest tecause effective recovery has been faund in the large
scale continuous test work (at least for jarosite treated solutions) for
_ solutions run without regard to storage time. Storage times ranged from a few
hours to a few days.

8.6.3. Long Term Copper Extraction Test.crk

A series of studies were ccnducted to investigate the stage and process
efficiency and the possible degradation of the LIX-6Z2 bearing organic phase.
The system was described previously in Section 5.2.1. It consisted of three
stages of extraction and two stages of sulfuric acid stripping.

The tests were conducted in the Bell FEngineering solvent extraction
testrack; 3.88 liters of 15 volume percent LIX-622 - 85 volume percent KERMAC
4708 was contacted with 341 liters of aqueous leach solution over a period of
113 hours. Approximately 226 load/strip cycles were achieved. An
aqueous/organic contact ratio of over 88 was achieved. The results of the
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TABLE 8.79.  INFLUENCE OF AGING TIME AND DILUHéN ON LIX 622 EXYRACTION FROM LEACH SOLUTION

Sample No. Condition Concentration (gpl)
Cu_ _Fe M _m _Cr €4 _Al__Si_ _Ca

2054 Starting Leach Solution: 1.25 12.00 S5.19 5.69 0.66 0.40 1.85 1.37 0.60
ndiluted, pH = 1.5

2055 Repeat Analysis of 2054 1.24 1.8 5.13 65,62 0.65 0.40 1.84 1.36 0.59

2058 Leach Aged 1.5 hrs., 0.085 11.67 S5.10 S5.58 0.65 0.29 1.82 1.3¢ 0.58
then Contacted with
Lix 622

2061 Leach Aged 3 hrs., then 0.320 12.21 5.32 S.78 0.62 0.41 1.88 1.39 0.6!
Contacted with L1X 622

6064 Leach Aged § hrs., then 0.53) 12.25 5.3 5.80 0.67 0.41 1.8 1.40 0.6}
Contacted with LIX 622

2067 Leach Aged 22 hrs., then 0.464 12.42 5.43 5.93 0.69 0.42 1.9 1.42 .62
Contacted mitTR TIX 622

2056 Starting Leach Solution: 0.997 9.4 4.\1 4.47 0.52 0.1 1.48 1.09 0.48
20 v/lo Blluilon. pi=1.5

2059 Leach Aged 1.5 hrs., then 0.150 9.70 4.24 4.61 0.53 0.32 1.51 1,10 0.9
Contacted with LTX 622 - '

2062 Leach Aged 3 hrs,, then 0.168 9.74 4.24 4.60 0.5 0.32 1.50 1.10 0.49
Contacted with LIX 622 -

2065 Leach Aged S hrs., then 0.31910.00 4.35 4.72 0.5 0.33 1.52 1.12 0.5

Contacted with LIX 622
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TABLE 8.79. CONTINUED
Sample No. Condition Concentration (gp!)
Cu fe Ni In Cr Cd Al Si Ca
2091 Leach Aged 22 hrs., then 0,224 9.89 4.35 4.7 0.5 0.33 1.51 1.1} 0.50
Contacted with LIX 622
2057 " Starting Leach Solution: 0.613 6.03 2.64 2.82 0.34 0.20 0.93 0.66 0.33
100 v,0 Dilution
2060 Leach Aged 1.5 hrs., then 0.054 5.87 2.55 2.78 0.33 0.19 0.9t 0.63 0.3
Contacted with LIX 622
2053 leach Aged 3 hrs., then 0.080 6.00 2.59 2.83 0.33 0.9 0.9 0.64. 0.32
Contacted with LIX 622
2066 Leach Aged 5 hrs., then 0.053 5.80 2.52 2.73 0.32 0,19 0.89 0.62 0.31
Contacted with LIXx 622
2069 Leach Aged 22 hrs., then 0.067 6.05 2.65 2.86 0.34 0.20 0.92 0.65 0.32

Contacted with LTx 622

NOTE: -Standard leach on barrel 18 material.
*Al} Contacts made with 10 v/o LIX 622, 90 v/o KERMAC 4708,0/A =}, i = 25°C. 3 minutes.

Aging done in contact with leach solids.
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TABLE 8.80. INFLUENCE OF AGING TIME AND DILUTION ON LIX 622 EXTRACTION FROM JAROSITE LEACH SOLUTION
Sample No. Condition Concentration {(gpl)
Cu Fe N In Cr Cd___Al ) Ca
2077 Starting Leach Solution: 0.71 o0.68 5.55 6.50 0.35 0.45 1.41 1.53 0.65
nd1 lu » pH = 1.
2080 Leach Aged | hr., then 0.094 0.75 5.54 6.47 0.35 0.45 1.41 1.53 0.65
Contacted with LIX 622
2083 3 hrs. 0.086 0.67 5.4 6.47 0.34 0.44 1.8 1.50 0.62
2086 13 hrs. 0.117 0.68 5.56 6.49 0.35 0.45 1.41 1.53 0.6)
2078 Starting Leach: 20 v/o 0.562 0.8 4.38 5.13 0.28 0.35 1.1 1.20 0.5
Ditution . pH = 1.8
2081 Leach Aged | hr., then 0.049 0.61 4.33 5.11 0.28 0.35 1.0 1.18 0.5
contacted with LIX 622
2084 3 hrs. 0.042 0.58 4.36 5.09 0.28 0.35 1.10 1.17 0.52
2087 13 hrs 0.064 0.59 4.43 5.4 0.28 0.36 11.12 1.20 0.53
2079 Starting Leach: 100 v/o 0.346 0.36 2.69 3.15 0.18 0.21 0.68 0.70 0.34
Uilution ol = 1.8
2085 Leach Aged 3 hrs., then 0.018 0.37 2.79 3.26 0.8 0.22 0.1 0.4 0.}
. Contacted with LiXx 622 .
2088 13 hrs. 0.016 0.38 2.89 3.34 0.19 0.23 0.722 0.75 0.3

NOTE: -Standard Veach on barrel 18 material.

-Jarosite conditions: 6 hrs, initial pH = 2.2 , temp. = 90°C

*Aging done in contact with solids.

+Al} contacts made with 10 v/o 11X 622, 90 v/0 KERMAC 4708, O/A » 1, T « 250C, 3 minutes.

s




study are summarized in Table 8.81: stage efficiency and process rack
efficiency in Tabie 8.82 and conditions for the testwork in Table 8.83.
Complete experimental results are presented in Table 8.84. The results of
degradation testwork performed on organic samples were presented previously in
Tables 6.19 and 6.20.

Copper is effectiveiy and selectively entrailed from a mixed metal
solution (Table 8.81) by an organi: phase that has been exposed to a large
aumber of load/strip cycles. ODegradation does not appear to be a problem over
the test perfod studied. Stage efficiency for copper extraction from the
aqueogus phase (Table 8.82) decreases with number of stages. This is expected
because the pH of the aqueous phase decreases as it moves from one stage to the
next. The overall process efficiency for copper extraction is excellent and
low copper bearing solutions are produced (Table 8.82).

The physical separation of phases in the settlers is rapid and without
muck problems. A small amount of crud (solias) forms but it remains intact at
the first interface and its source is most likely fine particulate solids
carried over from the leach solid/liquid separation unit operation. The crud
is easily removed by aspiration from the interface.

8.7. ZINC SOLVENT EXTRACTION (HIGH IRON FLOWSHEET)

A discussion was presented previously for a flowsheet to treat iron
bearing solutions (a few grams per liter): Section 8.4. The discussion in this
saction relates to the nigh iron sludge treatment flowsheet that includes
removal of most of the iron by a jarosite precipitation process; removal of
copper by LIX-622 solvent extraction; then removal of zinc and residual iron (a
few hundred mg/1). Therefore, the discussion of zinc extraction by SX is
limited in this section to treatment of jarosite treated leach solutions.

A design matrix test series has been performed on a copper and iron free
sotution. The extraction results are presented in Table 8.85. (phase
sepiration notes in Table 8.86). The solution used in this test series was
exceptionally low in zinc content (1.24 gpl). Typical zinc contents of leach
solutions are in the range of 3-5 gpl.

319



02t

TABLE 8.81.

LONG TERM DEGRADATION - EXTRACTION STUDY:

COPPER BY 15 V/0 LIX 622

Sample No. Condition Concentration fn Final Composite Raffinate, gpl
Organic Aqueous Mixer Contact
Exposure Time, (min,) Cu fe In. Cr N Al Ca P
. Hrs. Feed Strip
First Day
3459 46.5 Starting Feed 2.750 3.899 --- 1.987 5.147 0.207 0.317 0.572
3475 46.5 SO'Ut‘o?S.S 219 186 U.054 3.727 0O.111 1.940 5,750 0.217 0.318 0.570
Second Day
3482 40.0 Starting Feed 3.130 4.068 0.)31 2.08% 6.260 0.248 0.331 0.656
3493 86.5 Solutlo;s.a 518.4 J45.6 U.062 3.995 0.129 2.086 6.150 0.259 0.307 0.5)4
Tnird Day
3501-B 39.0 Starting Feed 3.130 4.068 0.131 2,084 6.260 0.248 0.331 0.656
3509 125.5 Solutio:l.a 752.4 501.6 0.106 3.958 0.122 2.060 &.291 0.281 0.344 0.607
Fourth Day
3519 36.0 Starting Feed 3.332 3.809 0.127 2.030 65.749  --- === 0.652
3538-A 161.5 Solutlogs.s 968.4 645.6 0.088 3.918 0.097 2.067 5,951  e-= === 0.689
Fifth Day
3542 25.5 Starting Feed 2.600 4.237 0.130 2.238 6.815 0.353 0.369 0.627
3547 187.0 Solutlogz.a 1121.4 747.6 0.039 4.299 0.3148 2.224 6.705 0.387 0.335 0.633



TABLE 8.81. CONTINUED

L12e

gample Ko. Condition Concentration in Final Co«npo;ue Raffinate, gpl
Organic Aqueous Mixer Contact
Exposure Vize, (@in.) _Cu Fe In Lr Ni A Ca
| Hrs. Feed Strip
Sixth Day
3552 19.5 Starting Feed 0.835 3.471 o0.1)8 1.813 5417 --- 0.279
Solution ——
3567 206.5 66.8 1238.4 825.6 0.056 3.373 0,091 1.788 5.251 --- 0.288  ---
Seventh Day
3605 34.6 Starting Feed 1.035 3.616 0.126 1.907 §5.727 0.362 0.322  ---
3613 241.0 Solutiot;g.a 1427.4 951.6 0.033 3.546 0.105 1.940 5,574 0,405 0.351
Eightn Day
3619 34.5 Starting Feed 2.045 3.117 0.099 1.725 5.019 0.354 0.303  ---
3631 215.5 Soluuogo.e 1634.4 1089.6 0.027 3.069 0.096 1.725 6.002 ©0.355 0.284  ---
Nintn Day
3639 12.0 Starting Feed 1.812 -3.185 0.l128 1.739 5.100 0.361 0.316 -
3643 207.5 Soluuogta 1706.4 1137.6 0.073 3.125 0.12) 1.959 5.652 0.406 0.348  ---
Tenth Day
3651 21.0 g::::::g Feed 2,026 2.246 0.079 1.515 4.464 0.318 0.356. —ea
3664 NS 103.8  1868.4 1245.6 0.043 3.609 0.122 1.879 5.866 0.386 0.330 ---
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TABLE 8.81. (CONTINUED

Sample No. Condition Concentration in Final Composite Raffinate, gpl
OrganiC Aqueous Hixer Contact
Exposure Time, (min.) Cu Fe In Cr N{ Al Ca 4
L Hrs. Feed Strip
Eleventh Day
3670 27.0 Starting Feed 2.225 3.078 0.105 1.693 5.046 0.373 0.276 c=-
Solution
0.383 0.273 .-

3703 341.5 112.8 2030.4 1353.6 9.049 3.126 O0.112 1.687 5.071
(226 Load/Strip Cycles) ]

NGTES: ™ "Conaltions given for each day's lestwork in Yable 8.83.
‘Total organic in extraction system = 2338 cc; in strip system 1550 cc.
“Total aqueous in extraction system = 2055 cc; in strip system 1370 cc.
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TABLE 8.82. CELL EFFICIENCY FOR COPPER EXTRACTION BY LIX 622: LONG TERM TEST (Lew Iron Flowsheet)

Sample No. Conditions Stage Efficisncy, gpl in Raffinate, 3 Extracted
Total
Cell 1 Cell 2 Cell 3 Efficiency
qp! 1 _gpt 1 gpl 3
3459 Starting Solution 2.750 gp) '
(pH = 1.75)
3463 6.0 Hrs. Continuous Exposure 0.216 92.1
3464 . - - " 0.032 85.2
3465 . " " * 0.018 43.8 99.3
3469 13.5 Hrs. Continuous Exposure 0.345 87.4
3470 . " - . 0.038 89.0
3471 . * . * 0.022 42.1 99,2
3482 Starting Sotution 3.130 gpl
(pht = 1.75)
3486 21.5 Hirs. Continuous Exposure  0.867 12.0
g .. . * 0.153 82.4
3485 . . . 0.053 65.4 98.3
3501-B Starting Solution 2.697 .
(pH = 1.76)
3504 34.8 Hrs. Continuous Exposure 0.483 82.1
3505 .0 . . 0.068 85.9
3503 .- " . * 0.072  ---- 97.3
3519 Starting Solution 2.700
{pht = 1.75)
3526 47.8 Hrs. Continuous Exposure  0.734 72.8
3527 .- . . 0.094 87.2

3530 ¢ " " . 0.097 ---- 96.4
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TABLE 8.82. CONTINUED

3542

3544
3545
3546

Jous
3608
3609-A
3610-A
3619
B
3632
3533
3631
3351-A
3658
3659
3660-8

3670

Conditions

Starting Solution 2.600
(pH = 1.77)

57;8 n:s. Contiguous Expgsure

Starting Solution 1.035
ipit = 2.0)

13;8 n:s. Contlguous Expgsure

Starting Solution 2.045
(pii = 2.0}

84;3 n:s. Contlguous Expgsure

Starting Solution 2.026,
(ph = 2.1)

99;8 n:s. Contiguous Expgsure

Starting Solutfon 2.225 gpl,
(pH = 2.0)

Stage Efficiency, gpl in Raffinate, % Extracted

Total
Cell 1 Cell 2 Cell 3 Efficiency
S . gt % ool 3
' 0.233 83.8
0.040 82.8
0.000 O 98.5
0.027 97.4
0.036 ----
0.026 27.8 97.5
0.142 93.1
0.031 18.2
0.027 12.9 98.7
0.593 76.7
0.053 91.1
0.015 N.7
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TABLE 8.82.  CONTINUED

Sample No. Ccnditions Stage Efficiency, gpl in Raffinate, 3 Extracted
ofa
Celd 1 _ Cell 2 Cell 3 Efficiency
Sy 8 gt 3 gl 3
3700 112.8 Hrs. Continuous Exposure 1.116  49.8 .
Jio . " " . 0.266  76.2
302 . " * . 0.068 1.4 96.9

NOTE: Detafled data presented in Table 8.81.
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TABLE 8.83. CONDITIONS FOR TABLE 8.82 TESTNORK

Identifiar Yest Numbers bescription Conditions
Inftial Initial Yolume
Cu, gpl pH, R.T. Average, 1  Temp.
3459, 4 First Exposure of Organic 2.750 1.715 46.5 Feed 50°C
Cell | 35
Cell 2 30
Cell 3 27
. Cell 4 24
Cell § 24
3482, 3493 Second Exposure of Same Organic 3.130 1.75 40.0
3501-8, 3509 Third . . " ‘ 2.697 1.75 39.0
3519, 3533 Fuurth . " . 2.71%9 1.75 39.0 o
3542, 3548 Fifth . =" b 2.6C0 1.n 5.5 feed 28°C
3552, 3567 Sixth . .. . 0.835 1.76 19.5 Feed 45°C
3606, 3613 Seventh . - " . 1.035 2.01 34.5 o
3619, 3631 Eighth . . " -. 2.045 2.01 345 Feed 44-35 (o
3639, 3643 Ninth e . . * 1.812 2.13 12.0 Feed 50°C
3651, 3664 Tenth ° - ® 2.026 2.14 21.0 Feed 'o
3670, 3703 Eleventh * .. . 2.225 2.01 21.0 Feed 25°C
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TABLE 8.84,

EXPERIMENTAL RESULTS FOR LONG TERM ORGANIC EXPOSURE TESTWORK:

COPPER EXTRACTION WITH LIX 622

Sample No.

3459
3458

3460
3461

3462

3463
3464
3465

3466

3469
3470
3471
472
3413

3475

Conditfons Concentration in Final Composite Raffinate, gpl

First Day (46 1 aqucous leach) Fe Cu In Cr Ni Al Ca P

Starting Solution 3.899 2.750 0.102 1.987 5.847 0.207 0.3)7 0.572

Starting Strip Acid, 200 gpl - . 0.004 0.002 - o= --- e
1.5 Hours

Cedl 3 3.929 0.027 0.100 2.056 §5.903 0.209 0.326 0.660

Composite Raffinate 4.024 0.32T o0.108 2.039 6.033 0.218 0.330 0.694
3.0 Hours

Cell 3 4.120 0.025 0.090 2.124 6.135 0.224 0.332 0.696
6.0 Hours

Cell 1 3.994 0.216 0.117 1.996 5.895 0.243 0.328 0.688

Cell 2 3.758 0.032 0.112 1.927 5.755 0.230 0.315 0.604

Cell 3 3.675 D.0I8 o0.117 1.922 5.622 0.220 0.3u8 0.625
1.5 Hours

Composite Ratfinate 3.764 0.081 0.110 1.908 §.706 0.214 0.310 0.611
13.5 Hours

Cell 1 3.899 0.345 0.102 1.959 65.781 0.223 0.318 0.580

Cell 2 3.792 D.038 0.106 1.960 5.785 0.230 0.3¢9 0.602

Cell 3 3.059 U0.022 0.113 2,002 5.957 0.240 0.322 0.631

Composite Raffinate 3.666 0.02§ 0.112 1.971 5.891 0.225 0.321 0.5677

Strip Acid 0.034 W5 .- ~ee --- .- - .-
15.5 Hours

Final Composite 3.727 0.054 0.1t 1,940 5.750 0.217 0.318 0.570
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TADLE 8.84. CONTINUED

Sample No. Condftions unncentration in Final Composite Raffinate, gpl

Fe Cu In Cr N Al Ca »

Seconc,Day (40 | aqueous leach)

3482 Starting Solution 4.068 3.130 0.131 2.084 6.2¢0 0,248 0.331 0.656
5.0 Hours

3484 Composite Raffinate 4.007 0.047 0.122 2.093 6.200 0.243 0.316 0.389
6 Hours

3486 Cell 1 3.877 0.867 0.125 1.989 5.995 0.245 0.316 0.760

3487 Cell 2 3.932 O0.153 o0.114 2.008 6.059 0.249 0.301 0.602

3488 Cell J 3.900 0076 0.126 2.002 5.9% 0.244 0.301 0.660
13.1 Hours

kD) Cell ) 3.961 1,218 0.122 2.039 6.050 0.263 0.302 0.616

3491 Cell 2 4.180 0.227 0.105 2.171 6.394 —e 0.308 0.645

3489 Cell 3 4.000 0.098 0.127 2.07¢ 6.7,88 0.257 0.321 0.647

349) Final Raffinate 3.995 U.U6 0.129 2.086 6.150 0.259 0.307 0.5

3492 Strip Acid 0.052 42.5% .- nee eve .-e ane -

Third Day (39 | aoueous leach)

3501-B Starting Solution 4.033 2.697 0.120 2.014 6.057 0.242 0.324 0.700
6 Hours

3504 Celd 1 3.993 0.483 0.103 2.066 6.020 eee 0.347 0.648

3508 Cell 2 3.916 U068 0.112 2.018 6.143 0.293 0.353 0.623

3503 Cell 3 3.640 U072 0.109 1.927 5.923 0.270 0.334 0.607
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TABLE 8.84, CONTINUED

Sample No. Conditions Concentration {n Final Composite Raffinate, gpl
' Fe Cu in Cr N Al Ca 4

1 Hours

3506 Cell 3 3.851 0.078 0.114 1.986 6.043 0.265 0.335 0.605
1V Hours v

3508 Cell 3 3.965 0.091 0.111 2.044 6.113 0.294 0.347 0.619
13 Hours

3510 Cell } 3.925 1.072 0.130 2.059 6.095 0.290 0.361 0.716

3511 Cell 2 3.904 D.20Y 0.320 2.088 6.154 0.288 0.358 0.639

3509 Cell 3 3.958 U.I06 0.122 2.060 6.291 0.281 0.344 0.607

3512 Strip Acid 0.052 35.03

Fourth Day (36 ) aqueous leach)

3 Hours )

3525 Cell 3 3.786 0.04) 0,112 2.029 6.042 0.283 0.319 0.667
6 Hours

3526 Cell 1 3.954 0.734 0.120 2.106 6.2723 0.299 0.323 0.807

3527 Cell 2 3.987 . 0.115 2.093 6.342 0.309 0.331 0.771

3530 Cell 3 4.165 U097 0.119 2.209 6.450 0.331 0.378 0.779
12 Hours

353 Cell ] 4.240 0.910 0.131 2.127 6.49¢ 0.305 0.370 0.7727

3532 Cell 2 4.339 U0.210 0,127 2.258 6.969 0.309 0.394. 0.713

3533 Cell 3 - TS -e. .- .- - ave
3538-A Final Couposite 3.918 0.088 0.097 2.067 5.951 --- --- 0.689
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TABLE 8.84.

CUNTINUED

Sample Ho.

3542

354)

3544
3545
3546

3547
3549

3552

3553

3557

Conditions

Fifth Day {25 1 aqueous leach)

Starting Solution

J Hours
Cell )

4 Hours
Cell |
Cell 2
Cell 3 '

8.5 llours
Cell 3
Strip Acid

Sixth Day (20 1 aqueous leach)

Starting Solution

3 lours
Cell 3

6.5 Hours

Cell 3

Concentration in Final Composite Raffinate, gp!

Fe Cu In Cr N Al Ca 4
4.237 2.600 UL.13u 2.238 6.815 0.353 0.369 0.627
4.247 0.048 0.127 2.228 6.810 0,378 0.367 0.678
4.133 0.233 0.130 2.190 6.589 0.35 0.362 0.678
4.103 0.040 0.3137 2.185 6.752 0.357 0.362 0.533
4.423 0.040 0.134 2.297 7.046 0.419 0.354 0.569
4.299 0.039 0.148 2.224 6.705 0.387 0.335 0.633
0.078 4108  --- . --- ce- .e- .-
3.471 0.834 0.118 1.813 5.417 con 0.279 .---
3.404 0.034 0.131 1.831 5.552 0.354 0.289
3.373 0.056 0.091 1.788 5.251 e 0.288 0.616
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TASLE 8.84.

CONTINUED

, Sauple Mo,

3606

3607

3608
3609-A
3610-A

3610-8
3611
3613
3614

3619

3620

3628
3629

Conditions

Concentration in Final Composite Raffinate, gpl

Sevenin Day (34 ) aqueous leach)
Starting Solution

Cell 3

Cell }
Cell 2
Cell 3

Cell )
Cell 2

3 Hours

5 Wours

10.5 Hours

Final Composite

Strip Acid

Eighth Day (34 1 aqueous leach)

Starting Solution

Cell 3

Cell )
Cel) 2

3 Hours

6 Hours

Fe Cu In Cr (1) Al Ca 4
3.606 1.035 0.126 1,907 5.727 0.362 0.322 ---
3.609 0.029 0.126 1,952 5.918 0.319 0.337  ---
3.835 0.027 0.131 2.070 6.113 0.406 0.35] ---
3.681 U003 v.120 1.992 5.817 0.426 0.365  =--
3.519 0026 0.130 1.932 5.600 0.390 0.346
4.038 0.058 0.129 2.150 6.346 0.480 0.385 ---
3.8¢7 O0.016 o0.119 2.093 6.142 0.447 0.368  ---
3.546, 0.033 0.105 1.940 5.574 0.405 0.350 ---
0.137 36.45  --- --- - .e- .-
3.117 2,045 0.099 1.725 5.019 0.354 0.30) ---
3.067 0.039 0.134 1.7}7 4.982 0.361 0.314 ---
3.230 1.7725 0.107 1.782 5.186 --- 0.307 ---
3.152 0,030 0,100 1.731 5.003 0.351 0.296
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TADLE 8.84.

<OKTINUED

Sample No.

3e27

3632
3613
3631
3634

3639

3640
3641
Jod2

3644
3645
3543
3646

3651

Conditions
Cell 3

11.5 Nours
Cel} 1
Cell 2
Cell 3
Strip Actd

Hinth Day (34 1 aqueous leach)

Concentration in Final Composite Raffinate, gpl

Starting Solutfon
4 Hours

Cell )
Cell 2
Cell 3

b Hours

Cell 1
Cell 2
Cell 3
Strip Acid

Tenth Day (27 1 agqueous leach)

Starting Solution

Fe Cu In Cr Ni Al Ca P
3.193 0.026 0.111 5.785 5.146 0.356 0.297 een
L3334 0.142 0,116 1.81y 5.344 0,389 0.319 .-
3,165 O.03T 0.119 1.735 5.033 0.359 0.294 e
3.069 0.027 0.0 1.725 5.002 0.355 0.284 .en
0.146 35.%7 - .- .o ) ) aee
3.185 1.812 0.128 1.739 5.100 0.36) 0.316 .ne
3.494 0.387 0.126 1.874 5.458 0.398 0.345 oo
3.427 0,033 o0.111 1.877 5.581 0.399 0.337 .-
3.443 0,013 0.019 131.845 5,392 0.381 0.335 .-
3.640 1.179 0.140 1.973 5.886 0.443 .0.347 -
3.670 0.381 0.127 1.999 5.936 0.409 0.345 -.a
3.525 U073 0.12i 1.959 6.652 0.406 0.348 .o
0.319 3328
2.746 2.026 0.079 1.515 4.464 0.3:18 0.356 ' e
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TABLE 8.84.

CONTINUED

Sample No.

3653
3654
3652

3056
3652
3655

3662
3663
3669
3669

3670

3672
3673
3674

Cel
Cell
Cell

Cell)
Cell
Cell

Cell
Cell
Cell

Strip Acid

) PO o

1
2
3

6 Hours

9 Hours

Fe

Concentration in Final Composite Raffinate, gpl

Cu

In

Cr

Ni

Al

Ca

3.853
3.196
3.398

3.396
3.583
3.305

3.691
3.682
3.609
0.269

Eleventh Day (27 1 agueous leach)

Starting Solution

Cell
Cell
Cell

1
2
3

3 Hours

3.0r8

3.035
3.13
2.956

0.954
0.13%6
0.043
T
2.225

1.037

0.120
0.109
0.125

0.114
0.109
0.109

0.130
0.131
6.122

0.105

0.088
0.096
0.100

1.693

1.642
1.676
1.628

§.A44
5.006
5.406

5.379
5.560
5.336

5.721
5.883
5.866

4.869
5.006
4.85%

0.393
0.362
0.394

0.384
0.400
0.368

0.408
0.405
0.386

0.3723

0.347
0.368
0.344

0.402
0.402
0.371

0.382
0.323
0.401

0.325
0.328
0.330

0.276

0.269
0.278
0.277
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TABLE 8.84.

CONTINUED

Sanple No.

3677
3678
3679

3700
3701
3702
3703

WOTEST Test conditions in Jable B.81 and Table 8,83,

Cengitions
6 Hours
Cell }
Cel) 2
Cell 3
9 Hours
Cell 1
Cell 2
Cell 3

Final Composite

Concentratior in Final Composite Raffinate, gpl

Fe Cu In Cr Ni Al Ca P
J.024 1.116 0.094 1.645 4.814 0.365 0.276 ---
3.1490 0.250 0.110 1.665 4.912 0.368 0.272 .-
3.o17 O0.U5%2 0.097 1.640 4.874 0.353 0.260 ---
3.245 1,116 0.112 1.727 5.230 0.389 0.29%4 ---
3.064 0.266 6.098 1.682 5.006 0.379 0.277 ---
3.125 0.068 0.094 1.631 4.979 0.376 0.272 ---
3.126 U089 o0.112 1.687 5.071 0.382 0.277 .-
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TABLE 8.85.

DESIGN MATRIX FOR ZINC REMOVAL BY DEWPA FROM COPPER AND JRON FREE SOLUTION

s DEnPA JDeconol c:?"" c:n:"‘ Solutlon
! w o | by ot
Base | 20 10 3 40 1.9%
unit 5 10 2 15 0.25 Results: Extraction from Solution (%)
wigh (-] &5 20 ¥ 2 .20
Low (-* 18 0 25 L.z
Test # In fr
552 - - - - : 68,5 1 8,
5§53 ] + - - + - 83.8 § -1,
554 k - ¢ - + + 36.5 7.,
555 4 * v - - + 57, 4 1| 16.
556 4 - - ) + + 15.9(27. 4415 3(11,2)
558 0 + - + - + ge.2 | 11.0
[11] ? - + + - - To 11.0
56 8 ¥ ¥ + + - 37.0 ] -4.
561-3 Baze Bollmgi 1.9 (2.3)
Effects (%)
in 7.2 | -19.7] -2.6 -0.6 5.1 NOTE: -Initial solution composition (gpl):

1.24 In, 0.43 Cr, 1.91 Ni, 0.19 Cd,

-Kermac 4708 make-up dilutent
«0/A = 1, 25 cc each
-Temp: 40°C
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TABLE 8.86. OBSERVATION ON PHASE SEPARATION FOR DEIIPA DESIGN MATRIX TEST (TVABLE 8.64)

Test #
1

-~ o " s W N

Observation

Very good phase
Yery good phase
Yery good phase
Very good phase
Very good phase
Yery goud phase
Very good phase
Very good phase
Very good phase

separation,
scparation,
separation,
separation,
separation,
separation,
separation,
separation,

separation,

very little muck®*

very little muck

very little muck

very little muck

1ittle muck, very rapid
1ittle muck, very rapid
Tittle muck, very rapid
1ittle muck

no muck

*Muck = a layer of organic-aqueous that disappears slowly.




A series of preliminary chake tests to investigate zinc extraction from a
Jarosite treated leach solution was conducted, Table 3.87. The results are
that zinc can be selectively extracted from a copper, iron free solution.

Phase separation is very good for iron free solutions, but were very poor in
the earlier work on zinc-iron solutions. The zinc extraction levels attained
in the shake test were not very low because there was insufficient DZEHPA
present. Later experimental studies showed that about 0.15 gpl Zn is extracted
by each one volume percent DZEHPA; Table 8.88. Therefore, to totally remove
the 2zinc from a 7.45 gpl solution would require 50 v/o DZEHPA. Note that the
data in Table 8.87. also shows that Deconol uecreases zinc extraction (in
agreement with the Jesign matrix testwork reported in Table 8.85.). DZEHPA
isotherm data are presentad in Table 8.89. These tests were performed with an
organic phase deficit in sufficient quantity of DZEHPA to completely remove the
Zinc. It also appears that some Ni, Cd, aid Ai are partially extracted.
Extraction of Ni is not born out in large scale testwork. Aluminum and calcium
(not snown in Table 8.89.) are co-extracted.

The shake testwork was followed by experimental work in the Bell
Engineering 600cc continuous system. Results of a typical sequence test are
presented in Table 8.90. The continuous testwork was run under DZEHPA
deficient conditions, i.e., according to data generated later in the study
0.15-0.17 gpl Zn are extracted per v/o0 DZEHPA. Therefore, 40 v/0 DZEHPA should
be able to maintain extraction of 6.0-6.8 gpl In. However, DZEHPA also
extracts ferric iron, some Al and Ca. Iron in the organric is not stripped so
in a recycle system extraction sites are occupied and are unavailaple for zinc
extraction; also, Al that is extracted with the organic is only partially
stripped by 200 gpl stod. Cal:ium loaded into the organic phase precipitates

when the oryanic phases cycles to the strip cells as gypsum. It can, however,
be easily filtered from the aqueous phase and removed from the system. The
data collected in the above testwork illustrates that long-term exposure of an
organic phase to a leach solution is needed to establish the required bleed
stream necessary to maintain an efficient regenerated DZEHPA phase.

Large scale testwork in the Reister system supports this conclusion. The
results of four major tests are presented in Table $8.91.
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TABLE 8.87. DEMPA Solvent Extraction Applied to a Jarosite Trested Solution

1300

1305
1306
1307

1308
1309
1310

1311
1312
1313

1314
1315

Condition

Concentration (gpl)

Fe Cu Cr Ni Zn Cd Al
Starting Solution
Solutfon after potassium 0.33 4.51 0.38 2.07 6.9 0.30 3.68
{aroslle precipitation .
pH adjusted to 1.75)
Copper Removal
Two contacts between 0.36 0.008 0.41 2.22 7.45 0.3 4,07
solution and LIX 622
{20 v/0), O/A = 2, 3 min.
DEMPA (40%, 60t 470B):
40°%
0/A = 1 0.044 0.005 0.4) 2.2 1.46 0.32 2.86
O/hA = 2 0.036 0.005 0.44 2.40 TI9 0.33 2.52
0/A = 2 (repeat) 0.033 0.005 0.44 2.40 _I. _|9 0.33 2.22
DEHPA (40x, 10% DEC,
50 v/o 470 B): 40°C .
0/A s} 0.048 0.005 0.41 2.26 3.39 0.33 2.83
O/A = 2 0.039 0.005 0.43 2.39 1.82 0.33 2.80
O/A = 2 0.033 0.005 0.41 2.28 LN 0.3 2.492
DEHPA (40 v/o, 60 v/o
470 B), Hy0, Oxidized, 40°C
O/A = ) <D.L. 0.003 0.30 1.69 0.94 0.24 1.58
O/A = 2 <D.L. 0.002 0.29 1.60 U 5% 0.2 1.22
0/A = 2 (repeat) <D.L. 0.002 0.27 1.47 U5 0.20 0.72
DEHPA {40 v/o, 10% Deconol, .
403 470 B): H0> Oxidized
0/A = 1| 0.000 0.002 0.29 1.60 1.46 0.22 1.26
O/A = 2 0.00} 0.003 0.30 1.67 o 0.2 1.57
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TABLE 8.88. SUMMARY OF ZINC LOADING FOR 40 v/O DEHPA, 60 v/o KERMAC 4708

qp)_2n/v/o DEHPA

10 5 2 1 0.5 0.2
PH = 2.0 0.19  ==-= === 015 -e-=  0.10
pH = 2.5 012 017 0172 015 013  0.09
pH = 3.0 0.18 == ee-e 002 === 0.09

NOTE: -Max. arganic loading approximately 18 gpl 2n.

*Organic solution pre-prepared by contacting with 100 gpl 2n soluti h
with 50 gpl Zn, 200 g1 H,S0, (O/A = 1). ’ » clution, then stripping
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TABLE 8.89. OEHPA ISOTHERM DATA:

40 v/o DEHPA, 60 v/o KERMAC 4708

1926
1928

1929

1930

1925

1919

1920

PH = 2.0
Starting Solution

0/A = 10
Aquegus
Organic

O/A =1
Aqueous
Organic

/A « 0.2

Aqueovs
Organic

pH e 2.5

Starting Solution

0/A « 10
Aqueous
Orgaric

0/Ax5
Aqueous
Organic

O/A~ 2
Aqueous
Organic

Concentration {gpl)

"~ In Fe Cu Ni Cd Al_
8.68 1.15 0.002 9.10 0.49 0.43
1.06 o.N <D. L, 7.96 0.23 0.29
0.76 0.04 ce=- on 0.02 0.0}
2.63 0.95 «D. L. 8.91 0.43 &3
6.05 0.20 -e=- 1.00 0.06 .09
4.84 0.99 seee 8.80 0.45 0.38

18.40 0.0 .een .eee SLLS 0.40
8.46 .13 0.002 9.14 0.48 0.4
1.57 6.73 0.010 8.78 0.24 0.30
0.69 0.04 evee 0.05 0.02 0.0)
1.4 0.77 0.010 8.33 0.28 0.28
1.40 0.07 see- 0.16 0.02 0.03
1.78 0.94 «D. L. 9.08 0.40 0.32
3.3 0.08 seee c.03 0.04 0.05
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TABLE 8.89.

CONTINUED

1924

192}

1922

1923

1927

1931

1932

0/A = 2 (Pepeat of 1920)

Aqueous
Organic

0/A = 1
Aqueous
Organic

0/A = 0.5
Aqucous
Organic

O/A = .2

Aqueous
Organic

pH = 3.0

Starting Solution

0/A = 10
Aqueous
Organic

0/A = 1
Aqueous
Organic

Concentration (gpl)

n Fe Cu Ny Cd M
1.60 0.85 <0, L, 8.25 0.36 0.29
3.43 0.14 vene 0.45 0.06 0.06
2.33 1.02. <D, L, 10.39 0.5) 0.33
6.12 0.11 cee- meee 0.03 0.09
in 0 93 <«D. L. 8.%4 0.42 0.35

10.69 0.40 --e- 1.60 0.12 0.14
4.9) 0.99 <D. L. 9.0 0.46 0.38
17.72 0.70 eee-= 0.65 0.10 0.20
8.3 1. 12 0.002 9.07 0.47 0.42
0.94 0.67 <D. L. 8.45 0.22 0.27
0.74 0.04 ---- 0.06 0.02 0.02
3.4 0.93 <D. L. 8.9 0.42 0.4
4.92 0.09 -—-- 0.76 0.05 0.08



A 43

TABLE 8.89. CONTINUED
n fe Cu Ni Cd Al
1932 0/A = 1
Aqueous 3.4 0.93 <D. L. 8.31 0.42 0.3¢
Organic 4.92 0.09 ceee .76 0.05 0.08
1933 0/A = 0.2
Aqueous 4.70 1.00 «D. L. 9.24 0.45 0.38
Organic 18.15 0.60 c-e- ee== .m=- ----

NOTE: -Organic pre-prepared by contacting with 100 gpl Zn solution, then stripping (Oli = 1) with

50 gp! Zn, 200 gpl HzSO4.
‘Temperature: 259C.




TARLE §.90. DOEHPA SOLVENT EXTRACTEON OF ZINC: SMALL SCALE CONTINUOUS TEST

1343

Sample Conditions Concentration (gpl)
' In fe Cr N Cd Al ta
Small SX System (600 cc mixer-
settlers)
2005 Starting Solution 5.7 0.26 0.40 3.39 0.36 1.50

Inwtial pt = 2.0, aqueous
phase pH readjusted to 2.0
after two extraction contacts

2096 Raffinate from Stage Two after 0.72 0.08 0.3 3.04 0.44 1.60
3 hours

2097 Raffinate from Stage Four 0.029 0.03 0.38 3.02 0.27 0.68
after 3 hours

2108 Raffinate from Stage Two 1.24 0.10 0.39 3.1% 0.38 1.80
after 7 hours

2109 Raffinate from Stage Four 0.15 0.06 0.41 3.26 0.34 1.24
after 7 hours

210 Strip after 7 hours of 33.05 <D.L. 0.01 0.1l 0.18 0.84

recycling (initially
200 gp) HpS504)

NOTES: -40 v/o DEHPA, 60 v/o KERMAC 470 8.

*Four stages of extraction, pH adjusted to 2.0 after first two contacts, 0/A = 2, 50 cc/min. each
phase flow rate, temp. 40-50°C.

-Three stages of strip, 200 gpl H2S04 at start, strip recycled, O/A = 1, 50 cc/min. each phase,
temp. 40-500C.
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TABLE 8.91. : ZINC EXTRACTION BY OEHPA DURING TESTWORK IN THE REISTER TESTRACK

1524
1532
1533

1811
1814
124

1826
1827
1833

1882
1885
1889

Condition Concentration {(gpl)
an_ _fe_ Cu Cr Ri Cd Al

40 Liter Test (27 v/o DEHPA)
Starting Solution, pM = 1.75 5.14 0.68 0.017 0.29 3.18 0.33 0.56
Raffinate, pit = 1.29 1.00 0.46 6.014 0.25 2.84 0.28 ° 0.32
Final Strip Solution 37 0.005 <D.L. 0.004 0.018 0.016 0.035
60 Liter Test (40 v/o DENPA)
Starting Solutfon, pH = 1,75 8.84 113 0.058 0.27 8.02 0.42 0.45
Raffinate, 1.5 hrs. .y 0.97 0.0%) 0.27 8.06 0.40 0.27
Raffinate, 3.25 hrs. T.83 1.00 <D.L. 0.27 8.08 n.47 0.28
Above raffinate adjusted to

pH = 2.0 and recycled

through system
pH Adjusted Feed 1.63 0.97 0.0} 0.27 8.10 0.4) 0.29
Raffinate, 1 hour 0.0y 0.60 “-ee 0.26 1.99 0.29 0.06

" 2.75 hours U.58 0.60 -eee 0.27 8.67 0.3? 0.06

Above raffinate adjusted to

pH = 2.5 and recycled through

system (strip acid replaced

with 200 gpl H2$04)
Feed 0.58 0.60 eose 0.27 8.67 0.3 0.06
Raffinate, | hour AW 0.12 =—e- 0.25 8.25 0.17 0.004

. 3 hours A vy -eae ---- 0.2% 8.17 0.13 < D.L.

Coqtinued
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TABLE B8.91.

{Cont inued)

21
2178

279
2181
21808

2242
2246

2246
2253

2256
22585

2525

Condition

Concentration (gpl)

90 Liter Test (40 v/o DEHPA)

Starting Solution, pH = 2.0 5.89

Raffinate after sccond stege 1.2
contact (see note below)

Raffinate after fourth stage .18
contact

+inal composite raffinate 0.13
after fourth stage
Final composite strip 21.85

Same system set-up as above,
but different leach solution
used (2092, jarosited,

Cu SX prior treatment)

Starting Solution, pH = 3.0 4.94

Raffinate after second stage  0.3)
contact, one hour

Raffinate after fourth stage 0,04
contact, one hour

Raffinate after second stage 0.24
contact, 3 hours

Final composite raffinate 0.06

Final Strip, 3 hours

o
~n
(%)

16 Liter Test (40 v/o DEHPA)

Starting Solution, pH = 2.0 6.20

0.29
0.06

0.02
0.0!
<D.L.

0.58
0.39

0.19
0.39

0.14
<D.L.

0.37

Cu

0.09
0.09

0.08
9.08
0.01

0.1
0.1

0.10
0.12

0.10
0.04

0.04

Cr

0.37
0.3%

0.34
0.37
0.02

0.26
0.26

0.28
0.26

0.31
0.01

2.79

2.56
2.56

2.4
2.54
0.05

2.69
2N

2.72
2.87

2.78
0.0?

0.32
0.34

0.22
0.24
0.04

0.27
0.35

0.27
G.36

0.30
0.19

0.14

1.22
0.86

0.53
0.49
0.3

0.81
0.54

0.34
0.1

0.32
0.91

1.20

Continued
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TABLE 8.91. CONTINUED

.160 liter fest conditions;

40 v/o DEMPA, 60 v/o KERMAC 4708

4-stage extraction (0/A = 1)

pli adjusted after first two contacts back to pH = 2
3-stage strip (O/A = 1), 200 gpl II.‘,SO4

Flowrate: 250 cc/min. all phases

Temperature: 30-400C



8.8. SOLVENT REAGENT OEGRADATION TESfWORK

8.8.1. Copper Solvent Extraction: LIX-622

8.8.1.1. Continuous Testwork

A series of tests were performed to investigate potential reagent
deyradations. A large nunber of lcad/strip cycles were performed in the Bell
Engineering testrack over a period of 11 days. The extraction rcsults and a
summary of the degradation results were reported previously in Sections 8.6.3
and 6.3.4.

A small amount of organic (3.88 1 of 15 v/o LIX-622) was exposed to a
large amount of ayueous solution (>340 1) 1n a series of three extraction cells
and two strip cells. The smaller Bell system was chosen over the larger
Reister system so that less leach solution was required. The Reister system (5
cells) held 18.5 liters of organic (at an 0/A = 1 loading). The amount of
aqueous leach solution that could be contacted with the orgaiic in one
eight-hour day was 192 liters. Therefore, the largest possible aqueous/organic
contact ratio achievable per day was 10.4. The same aqueous/organi¢ ratio in
the Bell system required 40 liters of aqueous solution. Therefore, the 340
liters of (aqueous solution) of contact achieved in the Bell system would have
required 3540 liters of aqueous solution in the Reister system. A decision
was, therefore, made to conduct the long-term multiple load/strip testwork in
the Bell system.

The California sludge contained primarily chromium and nickel. The sludge
was leached, then doped with copper, ircn, and zinc.

The contact system was described previously, Section 5.2.1. It consisted
of three stages of extraction (loading) and two stages of strip. The
organic/aqueous ratio was one in all cells. Solution pH was adjusted before
entering the first cell but was unadjusted thereafter. Phase mixing and
settling times were both (in all cells) approximately seven minutes at a
flowrate of 50 cc/min.
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The oryanic was 15 v/o LIX-622, 85 v/o KERMAC 4708. The system cells and
pump reservoir were loaded with 3.88 liters of organic, 1.8 liters of leach
solution (cells 1,2,3! and 1.2 liters (cells 4,5} of strip acid (200 gpl
HZSO4). The strip cells were fed from @ four liter reservoir. The acid
contact was maintained at 200 gpl by systematic replacement of acid as.
required.

The system was started up, flows and intarfaces established and sampling
of each raffinate was conducted periodically. The system was run under
specified conditions of copper content, solution pH and temperature. Crud-
formation (if any) and pnase disengagement was observed and noted. The test
period continued until a desired volume of 2queous was run through the system;
then shut down overnight. The next run was initiated the next day using a new
feed solution. The leach solution fn the system from the prior day's contact
was unchanged. Interfaces were already established and it was found that
system restart involved no more than calibrating flow rates and turning on the
agitator and pump motors.

The extraction results for the eleven day test period were presented in
Table 8.84. Extraction of copper was axceilent and selective. Crud formation
was unimportant and the small émount that did form was most likely fine
particulate material from the filter unit operation. It was easily removed by
aspiration.

8.8.1.2. Degradation Results

Degradation was followed by: the ability of the system to maintain low
copper content in the final raffinate; and by a special test procedure
performed on samples of organic collected at the end of each day's test.
Neither of these tests showed degradation to be occurring. The results for the
system final raffinate are presented in Tables 6.13, 6.20, 8.81 and 8.84.

The degradation test performed on the periodic organic samples consisted
of: stripping the organic twice with unused 200 gpl HZSO4 acid; contacting the
stripped organic with a stock mixed metal leach solution containing 3.11 gpl Cu
(0/A = 1); then recontacting the leach solution with another sample of stripped
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system organic (U/A = 1); and measuring the effect of the two contacts on the
copper (and other metal) content by ICP analysis. The results are presented in
Tables 6.19 and €.20. These tables are reproduced here as a convenience to the
reader (8.92, 8.93).

Degradation of extractant for the conditions tested does not appear to be
{mportant. Approximately three lite~s (3.88) of organic was contacted with
over 340 liters of aqueous leach soiution over a period of 113 hours. This
contact involved approximately 226 load/strip cycles; 678 mixer contacts of
loading and 452 mixer contacts of stripping. An aqueous to organic contact
ratio of 88 was achieved for the test period; an aqueous to LIX-622 reagent
contact ratio of 587 was achieved for the test period.

Further, long term continuous testwork may be desirable but significant
deterioration by the solution conditions of high metal content, high fonic
strength, the presence of phosphorus, low pH, and mild temnperature (40-SO°C)
does not appear to occur. It would be desirable to conduct a detailed analysis
on the organic phase to determine if degradation of the LIX-622 oxime could te
followed directly. This laboratory was not capable of performing such analyses
and, therefore, an indirect approach was chosen. )

8.8.2. Iron, Zinc Solvent Extraction: DzEHPA

8.8.2.1. Continuous Testwork

A series of tests were performed to investigate potential reagent
degradation. A large number of load/strip cycles were performed in the Bell
Engineering testrack over a period of eight days. The extraction results were
reported previously in Section 8.4.2.

A small amount of organic (7.6 liters of DzEHPA) was exposed to a large
volume of aqueous solution (150 1) in a series of four extraction cells and six
strip cells; four sulfuric, three hydrochloric (Figure 8.20). The Bell system
was chosen over the larger Reister system so that less leach solution was
required. The Reicter system (10 cells) held 37 liters of organic (at an 0/A =
1 loading). The amount of aqueous leach solution that could be contacted witn
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TABLE 8.92. LIX 622 LONG TERN EXPOSURT DEGRADATION TEST SUMMARY

Sample No. Organic Exposure Contacts Copper Concentration in Aqueous Phase (gpl)

To Aqueous Phase
System Organic ~_ New Organic
Starting Aqueous Solution, 3,112 gpl Cu
First Day
kL}/1] 46.5 liters First 6.06)
3479 - - Second 0.008
3400 None First 0.121
3481 " Second 0.006
Second Day
3495 86.5 liters First 0.103
3496 " " Second 0.027
3497 tione First 0.03
3498 " Second 0.000
Third Day
3514 125.5 liters First 0.114
3515 " Second 0.016
3516 None First 0.035
3517 . Second 0.016
Fourth Day
3536 161.5 Viters First 0.109
3537 " " Second 0.019
40 None First 0.028
3541 " Second 0.001
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COMIINUED

Sample No. Organic Ixposure Contacts Copper Concentration in Aqueous Phase (gpl)
__lo Aqueous Phase
System Organlc New Organic

Fifth Day

3550 187.0 Iiters First 0.00%

3551 Rone First 0.040
Sixth D!!

3615 206.5 hiters First 0.036

3616 ’ " Second 0.008

3617 tione First 0.006

36i8 " Second 0.007
Seventh Day

3635 241.0 Iters First o.12

3636 " " Second 0.022

3637 None First 0.024

3638 - Serond 0.007
Eighth Day

36N 275.5 liters First 0.258

3648 ' ! Second 0.023

3649 lore First 0.053

3650 " Second 0.004
Miath Day

3665 287.% liters First 0.120

3666 " - Second 0.000

3667 None First 0.015

3668 " Second 0.020



2st

CONTINUED

Notes:

Conditions for each days exposure given in Table 8.82.

Degradation test conditions: 50cc system organic stripped twice (0/A =1)
with unused 200 gpl MpS04; stripped organic contacted with copper stock
solution, pH » 1,36 for first four tests, pH = 2.0 for last five tests; a
second system organic sample contacted same stock selution, t.e., stock
solution was contacted twice with two used organic samples, stock pH not
adjusted between contacts.

Unused organic sam2 as system organic, 15 % LIX 622, contacted with a 30
gpl Cu, 200 gpl HyS04 solution, then contacted with stock solution as
described above for system organic.
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TABLE 8.93. LIX 622 LONG TERM EXPOSURE DEGRADATION TEST SUMMARY:
LOADING.

Sample No. Organic Exposure Contacts Loading, gpl/s LIX 622
To Aqueous Phase

System Organic New Organic

Stock Aqueous Solution, 3.112 gp) Cu, 3.958 gpl Fe, 0.122 gpl In,
2.014 gp) Cr, 6.061 op} N1, 0.287 gpl Al, 0.319 gpl Ca

First Day

3478 46.5 liters Aqueous  First 0.203

3479 - Second 0.004

3480 None First 0.199

3481 - Second 0.008
Second Day

3495 86.5 liters First 0.200

3496 . - Second 0.005

3497 None First 0.20%

3496 " Secund 0.014
Third Day

3514 125.5 liters First 0.200

3515 - Second 0.006

3516 None First 0.205

3517 » fecond 0.00
Fourth Day

3536 161.5 liters First 0.200

3537 . Second 0.006

3540 None First 0.206

kLT)] . Secaond 0.002
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CONIINVED

Sample No. Organi:z Exposure Contacts Loading, gpl/% LIX 622

To Agueous Pnase
System Organic Hew Orqanic

Fifth Day .

3350 187.0 Viters First 0.207

3551 None First 0.205
Sixth Nav

3615 206.5 First 0.205

3616 . Second 0.002

3617 None First 0.207

3618 . Second -
Seventh Day

3635 241.0 liters First 0.200

3636 . Second 0.006

3637 None rirst 0.206

3638 " Second 0.001
€ighth Day

3647 275.5 Mters . First 0.190

3648 " Second 0.016

3649 None First 0.204

3650 . Second 0.003
Ninth Day

3665 207.5 iters First 0.199

3666 . Second »0.013

3667 lone Firse 0.206

3669 . Second -

Note: . Conditions for each days exposure presented in Table §.8).



the organic in one eight-hour day was 192 liters. Therefore, the largest
possible aqueous/organic ccitact ratio achievable per day was 5.2. The same
aqueous/organic ratio in the Bell system required 40 liters of aqueous
solution. Therefore, the 150 liters (of aqueous solution) of contact achieved
in the Bell system would have required 780 liters of aqueous solution in the
Reister system. A decision was, therefore, made to conduct the long-term
multiple load/strip testwork in the 8ell system.

The contact system is shown schematically in Figure 8.20. It consisted of
one stage of low pH contact for high iron removal from the leach solution; and
three stages of iron and zinc extraction; one stage of zinc stripping (by
sulfuric acid) from the iron ioaded organic follcwed by three stages of iron
stripping by hydrochloric acid; and two additional stages of zinc stripping by
sul furic acid. The organic/aqueous ratio was one in all cells. Solution pH
was adjusted to approximately one before entering the first cell, then
readjusted to approximately two before entaring the second cell. The solution
pH was unadjusted thereafter. Phase mixing and settling times were both (in
all cells) approximately seven minutes at a flowrate of 50 cc/min.

The organic was 40 v/o DzEHPA, 60 v/c KERMAC 510. The system cells and
pump reservoir was loaded with 7.6 liters of organic; 1.8 liters of leach
solution (cells 1,2,3,4); 2.4 liters of sulfuric strip acid (200 4pl stod,
cells 5,6,7); and 2.4 liters of hydrochloric strip acid (6 N HCl, cells
8,9,10). The a:id conteants of the strip cells wer2 maintained at their desired
strength by systematic replacement of acid as required,

The system was started up, flows and interfaces established and sampling
of each raffinate was conducted periodically. The system was run under
specified conditions of zinc content, solution pH and temperature. Crud
formation and pnase <isengagement was observed and noted. The test period
continued until a desired volume of aqueous was run throug the system; then
shut down overnight. The next run was initiated the next day using a new feed
solution. The leach solution in the system from the prior day's contact was
unchanged. [nterfaces were already established and it was found that system
restart involved simply calibrating pump flows and turning on the agitator and

tors.
pump motor _—
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The extraction results for the eight-day test period were presented in
Table 8.53. Extraction of iron and zinc were excallent. Crud formation in the
first cell was a problem (see Section 8.4.3) until the system diluent was
switched to KERMAC 510 kerosene.

8.8.2.2. Degradation Results

Degradation was followed by: the ability of the system to maintain low
iron and zinc concentrations in the final raffinate; and by a special test
procedure performed on samples of organic collected at the end of each'day's
test. Neither of these tests showed deyradation to be occurring. The results
for the system final raffinates are presented in Table 8.53.

The degradation test performed on the periodic organic samples consisted
of: stripping the organic twice with unused 200 gpl HZSO4 acid; contacting the
strippad organic with a stock mixed metal solution containing more iron and
2inc than a 40 v/o DzEHPA organic could extract containing 11.64 gpl Fe, 11.19
gpl Zn (0/A = 1); then recontacting the leach solutfon with another sample of
stripped system organic (0/A = 1); and measuring the effect of the two contacts
on the zinc and iron (and other metals) content by ICP analysis. The results
were presented previously in Table 6.24 and are reproduced here as a
convenience to the reader (8.94). .

Degradation of extractant for the conditions tested does not appear to be
important. Approximately 7.6 liters of 40 volume percent DzEHPA-GO in KERMAC
510 kerosene was contacted with over 150 l1iters of aqueous leach solution over
a period of 67 hours. This contact involved approximately 58 load/strip
cycles; 232 mixer contacts of loading and 586 mixer contacts of stripping. An
aqueous to organic contact ratio of 20 was achieved for the test period. An
aqueous to OZEHPA reagent contact ratio of 50 was achieved for the test periad.

Degradation tz::1 rosults are presented in Table 8.95. HNo noticeable
decrease in the :2b:i:tv of the reagent to effectively extract iron and zinc is
shown over the test period considered. It would be desirable to conduct a
detailed analysis on the organic phase to determine if degradation of the
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TABLE 8.94. DENPA LONG TERM EXPOSURE DEGRADATION TESY

Sample No. Organic Exposure Contacts Loading, gpl (ZniTe)/T DEHPA
To Aqucous Phase
S!stem Organic New Organic
4025 Stock Aqueous Solution,
pH = 2.0, 11.639 gpl Fe,
11.192 gpl 2n
First Day
3841 19 liters aqueous First 0.257
3842 . " Second 0.068
3843 None First 0.327
844 . Second 0.032
Second Day
3874 36 liters First 0.261
3875 . " Second 0.054
3876 None First 0.270
3877 . Second 0.056
Third Day
3909 S7 liters First 0.242
3910 . " Second 0.066
m None First 0.286
3912 . Second 0.051
Fourth Day
3947 76 liters First 0.2
3948 .- Second 0.056
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CONTINUED

Samdle No. Organic Exposure Contacts Loading, gpl (Zn+Fe)/% DEHPA
To Aqueous Phase
Systen Organic New Organic
3947 Nune Farst 0.259
3918 . Second 0.068
Fifth Dnz
3982 96 liters First 0.248
3983 .. Second 0.054
3984 None First -
3985 . Second -
Sixth Da!
4026 115 liters First 0.286
4027 - » Second 0.029
4028 None First 0.278
4029 . Second 0.065
Notes: . Detailed erperimental results presented in Tabie 8.95.
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TABLE 8.95 LUNG-TERM DEGRADATION-EXTRACTION STUDY: ZINC AND IRON BY 40% DEHPA

Concentration in Final Cell 4 Composite

Sample No. Conditions Raffinate, gpl
Aqueous Exposure
to Organic *[4ixer Contact Time, min.
[ Hrs. Feed Strip Fe In
Hy50, per
First Day
3798 19 14 336 252 252 0.342 0.005
(high because of
{ncomplete fron
oxidation)
Second Day
3835 k! .} 23 552 414 L 0.070 0.094
Third Da
3871 57 29.5 708 531 531 0.C30 0.106
Fourth Day .
3908 76 31.5 900 675 675 0.319 0.046
. {high because of
incomplete iron
oxidition)
Fifth Da

3944 96 4.5 1068 800 800 0.027 0.031
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CONTINUED

Concentration in Final Cell 4 Composite

Sauple ﬂo.. Conditions Reffinate, gpl
Ayucous Exposure
te Ovganie *Mixer Contact Time, min.
HrS. Feed Strip Fe _ In
H,50, Hey
Sixth Day
39715 115 51.5 1236 927 927 0.238 0.046
{high because of
{ncomple.e oxidation)
Seventh Day
22 123 59 1416 1062 1062 0.051 0.066
Eighth Day
4054 151 67 1608 2010 2010 0.028 0.013
NOTES: ‘Conditions for each day's exposure presented in Table 8.83.

*Mixer contact time {s time organic was exposed to feed solution or to strip solution,




DZEHPA reagent (or if decomposition products could be identified) could be
followed directly. This labora-ory was not capaole of performing such analyses
and, therefore, an indirect agp-oach was chosen.

8.9. CHROMIUM OXIDATION

1ons from a mixed metal solution containing
3, does not appear possitle without

Selective removal of Cr"3
co*2, re*?*3, n*2, Ni*2, and A1*
conversion to an oxidized, Cr04'2 or Cr207'2, form. Conversion to chrcmate or
dichromate requires a strongly oxidizing environment which means that the
oxidation must be accomplished after solvent extractioh processes because a
strongly oxidizing solution is expected to degrade %“he organic extraction
reagents. The prorer place for the chromium oxidation unit operation,
therefore, appears to be after Fe, Cu, and Zan have been removed.

There does not appear to be a successful way of selectively separating
(:r"3 from mixed metal solutions by SX. Reagents that have been successful in
extracting Cr+3 from an aquecus phase suffer from slow strip kinetics when
using HZSO4 acid or require that HC1 be the stripping agent. Certainly
consideration of Cr+3 removal by SX techniques is in the laboratory stage of
investigation rather than in industrial practice. Known studies on Cr+3 SX aie
listed in Reference 40.

Two approaches te chromium oxidation are proposed, i.e., 1) solution

oxidation or 2) sludge oxidation by roasting. Each approach has several
alternate means available to accomplish the oxidation.

8.9.1. Solution Oxidation of Chromium

Emphasis was placed in this study on solution oxidation techniques for
chromium. The experimental technique used to determine the degree of oaidation
was: expose a known volume of solution to a set of oxidizing conditions;
separate solids if present; treat a known volume of the solution to ion
exchange using the anion exchanger IRA 900 (this quantitat’ 21y removes all )
anion species formed during the oxidation, i.e., Cr04=. Cr207=. or HCr04');
releach any solid phase to complete the mass balance.
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Studies have been conducted using HZOZ' Pboz, Nazoz, Clz. and aqueous
chloride ion containing species such as HC10. The emphasis was placed on Clz
as the oxidizing agent became of i1ts ability to easily raise the solution Eh to
above the Cr"':’/CrO“'2 (or Crzo7'2) equilibrium half cell potential.

8.9.1.1. Chlorine Oxidation of Chromium
8.9.1.1.1. Phase [ Studies

Small scale testwork was conducted on: chromium soiutions made in the
laboratory; chromium bearing leach solutions pretreated in a variety of ways;
aaxd chromium bearing leach solutions produced in the laryge test assembly. The
experimental results are presented in Tables 8.96-8.98.

All testwork was performed on leach solutions that had been pretreated for
removal of most of the iron, copper, and zinc, i.e., a ieach solution was
oxidized that contained primarily chromium and nickel. Preliminary testwork
showed that oxidaticn rates were significantly more rapid in slurry bearing
solutions (4<pH<6) than in acid solutfons (pH 2), 1.e., oxidation of chromium
from a precipitated hydroxide was more rapid than oxidation of chromium in
solution. These results are illustrated in Tables 8.96 and 8.98.

Three experimental approaches were taken: chlorine was sparged
continuously into the chromium bearing solution (Table 8.96), pH was maintained
at a specified value; chlorine was sparyed periodically into the solution to
maintain the Eh > 1000 mv, and pH was maintained at a specified value (Table
8.97); or chlorine was sparged into a pH adjusted (pH = 5) solution, without
maintaining the pH, until all solids were dissolved, then the cycle repeatad
(Table 8.98).

The results presented in Table 8.96 show a comparison of the chrumium
oxidation achieved in three types of leach solutions. The chromium oxidation
in a specific time period 1s less in unpretreated leach solutions (containing
Cu, Fe, Zn, Cr, Ni, Cd, and Al) than in jarosite treated (Fe removed) and
Jarosite-CuSX-2nSX (Fe, Cu, In removed) treated solutions.
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TABLE 9.96. CHLORINE OXIDATION OF CHROMIUM AS A FUNCTION OF PH AND TYPE
STARTING SOLUTION
Sample No. Condition Chromium Oxidized (%)
1964 Leach Solution (2.44gp1 Cr'3)
2009 pH + 2.2 58.3
1979 pH = 4.0 59.7
pH = 5.0 63.8
1988 Jarosite Treated Leach Solution (5.80gpi Cr’a)
20N pH = 2.1 60.0
2027 pH = 4.0 85.8
2033 pH = 5.0 84.9
2038 Jarosite - Cu SX - Zn SX Treated Leach Solution (4.46gpl Cr’s)
2051 PH = 1.8 47.5
2030 pH = 4.0 85.9
2046 pH = 5.0 83.3
Notes : A1l oxidation tests performed on 100 cc of pH acdjusted leach

solution; pH mawntained; 0.2 liters Clzl min.; contact time
one hour.

Analytical procedure: solution contact performed; sample
filtered; solution analyzed: solution contacted with IRA 900
for chromate removal; solution from IX analyzed: solids
leached: ail solution volumes recorded; oxidation calculated
from mass balance.

Starting solu%ions prepared by standard leach of barrel 12
sludge. The starting solution concentrations (gpl) were:

Cr N Al Fe Cu ZIn Cd

1964 2.44 4.55 1.52 8.32 0.73 2.91 0.23
1988 5.80 5.60 1.66 0.73 9.84 2.99 0.37
2038 4.46 3.91 0.74 0.03 0.02 0.29 0.24
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TABLE 9.97. CHLORINE OXIDAVION OF CHROMIUM: Eh MAINTAINED

Sample No. Condition Chromum Oxidized (%)
2199 starting Solution (3.00gp1 Cr*S)
pH = 1.5, Eh = 374mv
pH = 1.4
2200 Fiftaen minute exposure,1160mv 8.6
2206 One hour exposure, 1140mv 7.9
pH = 5.0
2234 One-half hour exposure, 1138mv 81.0
2237 one hour exposure, 1136mv 84.6
2181 Starting Selution (0.37gp1 Cr*S)
pH = 1.5, Eh = 19\mv
p pH = 1.5
2197 one hour exposure, 1135av 10.3
pH = 4.0
2212 One-half hour exposure, 1088mv 30.5
2215 One hour exposure, 1102mv 45.8
pH = 5.0
2223 One-half exposure, 1088mv 54.8
2226 One hour exposure, 1099mv 72.7

Notes: . Starting Solution Composition {gpl):
Cr N Al Fe Cu Zn Cd

2190 3.00 2.39 0.46 0.01 0.08 0.12 0.23
2181 0.37 2.54 0.49 0.01 0.08 0.13 0.24

. 500cc solution from sequential test series four. Solution treated
previously for iron, copper and 21nc removal. Series 2'90 was
doped with chromium.

. Chlorine addition rate 0.2 1/min but only supplied ~eriodically
to keep the solutior Eh >1000mv. PH maintained.
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TABLE 9.98. CHLORINE OXIDATION OF CHROMIUM: CYCLE TEST

Sample No. Condition Chromium Oxidized (2)
2417 Starting Solution (2.47gp1)

pH = 1.43, Eh = 373mv
2418 pH adjusted to 5.0, chlorine 40.0

purged at 0.2 1/mn until
all solids dissolved,
Eh. 1000mv, 25 min., 5C0 cc

2821 pH readjusted to 5, above 87.7
procedure repeatad, 10 min,
Eh= 1100mv

2424 pH readjusted to 5, above 88.7
procedure repeated, 5 min,
Eh= 1100mv

Notes: . Starting solution composition {gpl): 2.93 It:, 2.&7 <r. 0.06 Fe,
0.1 Zn, 0.09 Cu, 0.28 Cd. 0.04 Al

. 500 cc solution from sequential test series four. Solution
treated previously for iron, copper and zinc remosal.
Solution coped with Cr to achieve reported conrentration.

. PpH adjusted to 5 then chlorine added at 0.2 1/mn unt.l pH
was lowered and the solids all redissolved. Prccedure
repeated three times.
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The results presented 1n Table 8.Y7 show that reasonably effective
chromium oxidation occurs at a pH of % if the Eh of the solution 15 maintained
> 1000 mv. Poor chromium oxidation is achieved at lower pH values. The
results presented in Tanle 8.98 show that the rate of chromium oxidation may de
greater if a cyclic precipitation-oxidation sequence 15 followed.

Large scale testwork resulted in effective slurry oxidation of chromium,
i.e., >80% conversion. All unoxidized Cr+++ ramains as chromium hydroxide and
can be conveniently recycled to the original leach unit operation. The results
of the large scale testwork are presented in Table 8.99. The 30-liter test
resultad in producing a solution (1.65 gpl Cr) that was almost completely
oxidized (95%). The 75-liter test resulted in producing a solution (83.6% of
the chromium oxidized) that contained 2.28 gpl Cr (95.2% Cr’G. 4.8% Cr+3).

Most of the unoxidized chromium remaining in the system after oxidation
was present as solid Cr(OH)3. This solid can be recycled to the leach system
and, therefore, does not represent a loss of chromium.

The large scale testwork showet a yreater time required for effective
oxidation than the small scale tests. The main reason for this is that the
sparging system in the large scale testwork did not produce as efficient
gas-so'ution-solid contact interfaces. It was thought that this difficulty
could be overcome by modifying the sparging reactor design. This did not,
however, prove to de true.

8.9.1.1.2. Phase [[ Study

Additional large scale testwork was performed on chlorine oxidation of
chromium during the Phase [[ study. The use of a chlorinator was investigated.
Such devices find widespread use in many industries.

A chlorinator in its simplest desiyn resembles an aspirator commonly used
in laboratories; a schematic drawing is presented in Figure 8.21. Lliquid is
punped through a venturi orifice. The solution flow creates a low pressure at
a side port. Chlorine is sucked into the aspirating chamber through the side
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TASLE 8.99.

CHROMIUM OXIDATION IN LARGE SCALE SEQUENTIAL TESTWORK

Sample No. Conditian Concentration (gpl)
Cu Fe Zn Cr [11] Cd Al

30 Liter Test

2181a Starting Solution before 0.08 0.0 0.13 1.69 2.54 0.2 0.4}
pH adjust (pil = 1.3, Eh =
380 mv)

2361 Starting solution adjusted <« O.L. 0.000 <D.L. 93.27 1.7 0.2 «<Bb.L.
to pH = 5.0

2349 ne hr sample, exposed 0.04 0.01 0.08 1.15 2.14 0.2 0.02
periodically to rlz; (42% oxTdi zed)
Eh maintaned at
1000 mv and pt 4.

2347 A portion of above solution 0.07 <« 0.0) o.n 1.65 N 0.24 0.10
(3.2 11..) re-exposed to 4>95% oxidized)
flowing “Z' 1.5 hr
18 Liter Test

2564 Starting Solution before 0.04 0.22 0.07 2.67 1.7% 0.1 v.39
pH adjust

2574 Two hr exposure 0.03 0.08 005 1.70 1.4 0.09 0.19

(52.: " oxid.)
<589 Five hr exposure 0.03 D.L. 0.06 2.8 1.68 0.11 0.08

{83.6% oxid.)

Jdate:

Detatled experimental results presented 10 1able 8.125, 8.12/.
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]
port. Turbulence is created n the liquid and good gas (chlorine)-liquid
contact is achieved.

Chromium 1s more effectivels oxidized in a slurry where the chromium is
present as chromium hydroxide (pH = 4-5):

Cr,(S0,), + 6 NaOH — 2 Cr(JH) + 3 Na,SO
2'\7V4'3 3(solid) 2774
2 Ct'(OH)3 —_ 2 HCrOz + 2 HZO
2 HCrO2 + 4 Hzc +3 Clz —_ 2 H2Cr04 + 6 HCI

Hydrochloric acid is generated and must be neutralized with caustic so that the
solution alkalinity remains at a pH of 4-5.

Some nickelous hydroxide may be formed as a solid under the chlorinating
conditions but the quantity is small and the residual chromium hydroxide and
the nickelous hydroxide can be recycled to the original leach unit operation.

A photograph of the oxidation system is presented in Section 8.14. A
schematic representation of the system is presented in Figure 8.22. The system
consisted of two 100 liter tanks. Tank A and B were connected so that solution
slurry could flow easily from tank B to tank A. Tank A was the feed tank; the
slurry solution in each tank was agitated. The slurry in Tank A was pumped to
the chlorinator. Discharge from the chiorinator flowed into tank 8. Solution
pH was miintained in tank B by a pH controller. Shut-off valves placed on the
inlet and discharge lines prevented loss of liquid from the piping.

Each oxidation test was begun by placing 120 liters of chromium and nickel
containing leach solution in tanks A and B. Agitators were turned on. The pH
controller wus set with a low limit pH value so that when the pH value was

reached or sensed, the controller woula activate the small feed pump to add
caustic to the tank.
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Several shakedown tests were performed to observe operations and to
identify potential problems. Flow problems, plug-ups, and contact problems
were noted and corrected.

The following sampling technique was used:

‘Samples of slurry were taken from tank B periodically as a functior
of time.

‘The sample was vigorously agitatad and an aliquot was taken.
*The aliquot was acidified with a known amount of sulfuric acid.

*Total Cr and Ni were analyzed in the acidified solution (solids had
redissolved).

*The original sample was allowed to stand and solids to settle.

*All aliquot of the solution was taken. This sample represents the
filtrate of the chlorine oxidation operation in an actual
solid-liquid separation that would be carried out commercially.
Chromium and nickel were determined in the liquor.

°A secsnd solution aliquot was taken from tne settled sample. The

liquid was exposed to Rohm and Haas ion exchange resin IR-900 (an

anionic exchange resin).
Chromium anions are extracted (exchanged for SO4= ions); chromium cations
(Cr**+) are not extracted. Therefore, by measuring the effluent solution for
chromium the concentration of oxidized chromium can be determined by difference
between the total chromium going into the exchange resin and the chromium

carryout.

The results of the large scale chlorination testwork are presented in
Tables 8.100-8.102. The results show only up to about seventy percent chromfium
oxidation in a nine hour period exposure. The previous testwork using a
sparging system resulteo in oxidation conversions of over eighty percent in
four hours. At this point it appears thit electrochemical oxidation is the
more appropriate approach to follow.
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TABLE 8.100. CHLORINE OXIDATION OF CHROMIUM: LARGE SCALE TEST

Expcsure Time Slurry (gpl) Decant (gpl) Oxidation (%)
CrTotaT NiTotaT CrTotﬂ Cr.3

Starting 2.02 3.38 1.06 0.38 33.7

1 Hr 2.02 3.16 1.25% 0.42 a.l

2 2.02 3.02 1.48 0.30 58.4

3 2.02 3.24 1.45 0.23 60.4

4 2.34 2.98 1.45 0.i} s7.3

Notes: .pH maintaned at-~ 4.5.
.Starting slurry was from 3 previous shakedown test.
.Chlorine feed rate 0.317 ib/hr.
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TABLE 3.10;. CHLORINE OXIDATION OF CHROMIINM: TEST w0

Exposure Time Slurry (gpl) Decant (gpli &xadation (%)
chotaT N,.Total cho’.al cr? .

1 Hr 2.72 5.84 129 0.7% 19.3
2 2.52 5.32 1.05 9.57 19.0
3 2.52 5.70 1.12 J.44 27.6
4 2.72 5.70 1.40 0.25 40.8
5 2.58 £.08 1.54 0.17 53.1
6 2.86 5.46 1.68 0.05 §7.0
? 2.66 4.83 1.8 .03 67.0
8 2.80 4.83 1.89 0.04 66.1
9 2.66 4.83 1.8) 0.03 67.0
Re-erpose4 2zbove solution, pH raised from 4.5 to 5 5.  TEST T"REE
1 3.94 4.83 3.09 0.03 77.7
2 4.15 4.37 3.06 0.03 73.0
3 42 4.70 2.97 0.02 69.8
q q.27 5.06 2.92 0.03 67.7
€ 3.94 4.70 2.92 0.03 73.3
10 4.17 5.06 2.86 0.02 68.0

Notes; . Crlorine feed rate 0.42 1b/hr.
. See text for detarls
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TABLE 8.102. CHLORIIIE OXIDATION OF CHROMIUM: [EST FOUR.

Exposure Time Slurry (gpl) Decant (qpl) Oxidation (%)
Crrotal ngTotal c,_‘lotal cr*3
Starting
Solution 4.24 5.15 0 o -
1 Hr 4.52  5.05 0.76 0.02 16.4
2 4.57 5.05 124 0.03 26.5
3 4.46 4.93 1.47 0.03 32.3
] 4.46 4.N 2.9 0.05 45.7
] 4.52 A.7) 2.45  0.U5 §3.1
Notes: . p4 maintained at . 5.5

Chlorine feed rale at maximum rate for system, 0.42 1b/hr.
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8.9.1.2. Electrochemical Oxidation
8.9.1.2.1. Pnase I Study

Chromium can be electrocnemically oxidized in a compartmentized
electrolytic cell. The technology has been developed by the U.S.B.M.(41) 2*
Rolla, MO, and is commercially available. e.g., Scientific Control
Laboratories. A schematic diagram is presented in Figure 8.23. The system
consists of a series of cells made up of an anode chamber where Cr+3 is
oxidized to Cr207'2 and a cathode chamber where metal ions are deposited. The
chambers are separated by ifon selective membranes such as DuPont Nafion 423.
These membranes are cation selective, i.ell they allow only cations to pass
into the cathode chamber. The separation membrane i3 necessary in order to
prevent oxidized chromium from being reduced at the cathode.

Pilot studies by U.S.B.M. have shown successful oxidation of Cr+3 a
enerqgy consumptions of 9 kw hour per kg NaZCrzO7 produced.

t

Preliminary experiinents have been performed in the Montana Tech laboratory
to study the potential for application of thi< oxidation technique to the
present type of solutions. A schematic diagram of the test cell is presented

ia Figure 5.1, The preliminary experimental results are presented

in Table 8.103.

8.9.1.2.2. Phase Il Study

Electrochemical oxidation of chromium was further investigated on a larger
scale in the Phase II study. The experimental systam was described previously
in Section 5.3.2 and 6.3.6. Schematic drawings of the system were presenteo in
Figure 5.11 and 5.12. Photographs of the systum are included in Section 8.14.

The electrochemical cell consisted of two box chambers capable of treating
avout 14 liters of anolyte and 26 liters of cathulyte in a batch or continuous
mode of operation.
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COLLECTION TRAYS

Figure 8.23. Electrochemical cell for oxidation of chromium. (Supplied
by Scientific Control Laboratories, Inc.)
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TABLE 8.103. ELECTROCHEMICAL OXIDATION OF CHROMIUM: PRELIMINARY

TESTWORX
Sample No. Condition Chromium Oxidation Extent (%)
Batch Test
’ 2664 Starting Solution (2.90 gpl Cr*d)
Exposure of 1.1 liters
of solution to 3 volts at,
. 8 amps, C.D. = 20 amps/ft".
2665 Three hour exposure 69.9
2667 Four hour exposure 84.3
2670 Five hour exposure 89.3
Continuouy Test
2664 S*arting Solution (2.90 gnl cr*d)
Exposure of 1.1 liters
of solution flowing at
3-5 cc/min to 3.5 volts at
12 amps, C.D.= 20 amps/ftl.

78 One a.d one half hour exposure 69.5
2683 Three hour exposure 75.4
2689 Six hour exposure " 81.6
Notes: . Cell description presented in Figure 5.8.

Starting solution was zinc raffinate from the large scale
test solution, sequential test series five. Iron, Cu, and were
removed prior to use in this study.

Batch Test Conditions: The cell was loaded with: anolyte -
1.1 liters of leacn solution. catholyte -
2.3 liters of 180 api H»50,.
The solution was exposed for a period of tim2, hea sanpled. The
solution was subjected to an anion exchange re<in (IRA - 900) to
remove all Crzo7 from solution. The effluent solu.ion free of

Cr'.‘,o7= was analyzed for ch-omium; the resin was washed to remove
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entrapped solution and this solution was analyzed for chromiym.
The oxidized chromium was then calculated from the mass
distribution data.

Continuous Test: The cell was loaded with

anolyte - 1.1 liters of composited batch test solution.
catholyte - 2.3 liters of 180 gpl stué.

The solution was fed for 1.5 hours at § cc/rin then for

3 hours at 3 - 4 cc/min. Solution was sampled as a function
of time and analyzed as described above. The chromium

in tie composited final solution was 75.3 % oxidized; the
pH was 0.33, Eh was 866 mv.
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In1t1al tests were conducted using an anoae:diapnraym:cathode surface area
ratio of 1:1:1. Applied voltage was 3.5v-4.5v, current density was 8-20
amp/f:z. Static batch test results are reported in lable 8.104. Approximately
85% oxidation was achieved within 21 hours. Further exposure had no apparent
effect.

Three continuous tests were performed. The solution flowrates weres 10
cc/min. for additive leach solution and discharge anolyte. The catholyte was
withdrawn and recirculated back into the catholyte chamber. A perforated lead
wool anode was used to ensure a high contact surface area. Lead sheet cathodes
were used. The anode surface area available to the solution 15 unknown, the
physical outer holding plate area was 1.8 ftz. The cathode surface area was

1.32 e, ..

The resuits of the first continuous test series are presented in Table
8.105. The anolyte chamber was filled with fully oxidized chromium; unoxidized
leach sclution was fed into the chamber at a rate of 10 cc/min. The effluent
strean showed 81% of the chromium oxidized.

A second test series was run for 48 hours using the anolyte from Series
One, Table 8.106. The conversion achieved in this test was 87.2%. A third
series of tests were conducted using & new catholyte, Table 8.107. Steady
state conditions appeer to be established after about 48 hours at a conversion
rate of about 90% of the chromium.

The Nafion membrane allows cations to pass through but not anions. If the
assumption is made that no solution leaked from the anode chamber to the
cathode chamber then migration of nickel can be determined. A determined
effort was made to prevent leakage, theretora2, the assumption is probably
reasonabie. If Ct"6 had been analyzed in the catholyte then leakage could have
been detected. This analysis was, however, not performed. The nickel
migration results are presented in Tatle 8.107.

8.9.1.3. Oxidizing Properties of 502-0z Systen

An alternate (perhaps low cost) meens of oxidizing chromium may be by a
relatively new technology developed by lNCO(az). i.e., an 502-02 system. INCO
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TABLE 8.104 8ATCH ELECTROCHEMICAL OXIDATiON QF CHROMIUM

Sample No. Condition Chromium Concentration (gpl)

Anolyte Catholyte Chromium Oxidized (%)

cr*® cr*d cr'vedl

$0008 Starting Solu. 0.14 2.9 0.16 -

5001 21 Hrs 2.72 0.27 0.22 84.9
5002 24 2.73 0.23 0.20 86.4
5003 48 2.54 0.22 0.42 85.4
Notes: . Starting anolyte (pH = 1.0) and catholyte rrum a previous

test. Catholyte 180 gpl uzso4.

Perforated anode, 4.5 volts, 14.5 - 19.0 amps/ft2
Solution ar agitated.

TABLE 8.105. CONTINUQUS ELECTROCHEMICAL OXIDATION OF CHROMIUM: SERIES QME

-

Chromium Chromium
Sample No. Condition Concentration, gqpl Oxidation, %
A C
c‘_os Cr'J Crtotal
5004 Stas,ting Anolyre 2.1 -- .-
5005 Feed Anolyte, 68 lit. -- 1.54 --
$006.7 120 Hours 1.42 2 34 0.6 78.0
NOTES: °A = anolyte, ( - catholyte

» Andlyte feed oH = 1.0 and witharawn continuously at 10 cc/min.,
- catholyte recirculated at 10 cc/mn., awr agiteticn used.

-Perforated lead anode, 4.5 v. 16.7 - I8 amp/Ftl.

«Catholyte contained 180 gpl HZSO4.
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TABLE 8.106.

CONTINUOUS SLECTROCHEMICAL OXIDATION OF CHROMIUM:

SERIES TWO

Chromium Chromium
Sample No. Condition Concentration, ap! Oxidation, %
A 4

Cr’6 Cr'3 Crtotal
5009 Starting Anolyte 1.42 0.34 --
5017 Feed Analyte .- 1.79 .-
5011,12 24 MHrs. 1.2z 0.35 0.2) 80.4
5013,14 48 Hrs. 1.70 0.23 0.24 87.2
NOTES: -Conditions same as presented in Table 8.105.
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TABLE 8.107. CONTINUOUS ELECTROCHEMICAL OXIDATION OF CHROM{UM- SERIES THREE

- Chromium Chromium
Sample No. Condition Concentration, gp!l Oxidation, %
R C

'S cr®d cetord

5324 Starting Anolyte 13.95 0.15 0.01

5025 - Catholyte 0.0t

5023 Feed Annlyte -~ 2.9

5026,7 24 W-s, 11.36 0.44 0.12 §1.7

Diaphragm Washed

5028 New Feed Anolyte 2.73

5029 Hew Anglyte 5.3

5030 Catholyte Unchanged 0.12

5131,32 24 Hrs. 19.8 0.45 0.30 83.5
5033,34 48 Hrs. 13.9 0.30 0.35 89.0
5037,38 96 Hrs. 9.76 0.35 0.6 81.1
5039,40 120 Hrs. 8.04 0.12 0.71 €5.6

NOTES: -A = analyte, C = catholyte
*Anolyte feed {pH = 1.0) continuously at 10 cc/mn., cathniyte
recirculasted but nut withdrawn.
‘Perforated 'ead anode, 4.5 v, 22.5 amp/ftZ,
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TABLE 8.108. NICKEL MIGRATION THROUGH NAF]ON DIAPHRAGM OURING SERIES
THREE CHROMIUM OXIDATION TESTWORK

S:mple No. Condition ) Nickel Migration, 7

Ouring Period Cumulat ive
$031,32 28 Hr. Exposure 1£.9 15.9
5033, 34 48 - ® C.6 24.5
$035,36 72 ° - n. 35.6
5037,38 9% " " 6.6 42.2
5039,49 120 * - 6.3 48.5

NOTES: ‘Conditions given in Table
+Starting nickel concentration in anolyte: 0.86 gp!
*Ferd nmickel concentration in anolyte: 2.°4 gpl
.Starting mickel conceniracion in catholyte: 0.03 gol.
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studies have skh. vn that use of 502-0z mixtures produce a powerful oxidizing
specie in the presence of a variety of metal ions. They postulate that under
favorable pH conditions the oxidant is formed by reaction of oxygen with metal
sulfite complexes, i.e., activated complexes like <:\1e505>'2 form and serve as.
the oxidizing specie. The pH level required depends on what metal ion is to be
oxidized. Chromium oxidation has not been investigated. However, if the
system were applicable to chromium a rather low cost oxidizing system may be
possible; i.e., perhaps a considerably lower cost than the chlorine oxidizing
system or electrochemical oxidation system.

The 502-02 approach is seen to have potential possible future appli;ation
for oxidation of chromium but the technology is not at present demonsirated for
chromium oxidation and is, therefore, not considered as a viable alternate for
the present study. The system is, however, included in the cost analysis,

Section 8.15.

8.9.2. Sludge Oxidation by Roasting

Oxidation by roasting may be the only feasible approach for high iron-high
chromium sludge materials because of the chromium loss during iron removal by
jarosite precipitation. The concept of oxidation roasting is that Cr*3 is
converted to Cr+6 (as Cr04'2) which reacts in the presence of sodium to form
sodiun chromate. Sodium chromate is soluble at all pH values, therefore, it
can be dissolved by a water leach in preference to all other metals.

0nl§ a few preliminary tests have been conaucted during the present study.
The results are encouraging and indicates a possible research direction for
high chromium sludge material. The preliminary test results are summarized in
Tables 8.109. and 8.110.

8.10. CHROMIUM EXTRACTION

Chromium is present in mixed metal sludge leach solutions in relatively
low concentrations: usualiy <2-4 gpl. ‘herefore, a means of concentration (in
addition to selective removal) is required.
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TABLE 8.109. ROAST-LTACH TEST ON MIGH CHROMIUM SLUDGE: PRELIMINARY TESTS

Sample ¢ Condition €~ Extraction (%)
200°C Roast

1237 } hr. 18.9
1238 4 hr. 10.8
1239 3 hr., HO0H 32.6

400°C Roast

1240 v br. 4.6
1241 4 hr. 10.2
1242 4 hr., NadM 90.6

600°C Roast

1243 1 hr, 4.3
1244 4 hr. 1.4
1245 4 hr., Naul 97.3
1246 Uncreated Sludge 63.6 ,

NOTE: -Starting Solid Composition {2): 15.64*.0.46 Cr, 0.7120.05 Fe;
0.7120.02 Cu, 1.1620.04 nHi,
0.06%.02 Zn, Cd <D.L., 5.4420.07 A

*10 gm dry siudge roasted in air
*NaOH added to some tests at a dose of | gm NaOH/gm <ludge

-Non-NaOH containing solids leached (102 solids) under stancard
ll.‘,S()4 leach concicions for 0.5 hrs

+NaOH contawninc solids leached at pH ~ 10-11, 10~ solids
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TABLE 8.11n. ROAST LEACH ON HIGH CHROMIU'Y SLUDGE: TESTWORK

Sample ¢ Condition Cr Eatraction (%)

100°c Roast, 2 Hours

1262 S gm sludge. S gm NaOH, 39.2
2.5 gm Na,O
22
12583 S gm sludce, 5 3m NaOH 10.0
1264 10 gm sludge, 10 gm NaOH 2.9
600°C_Roast, 2 4ours
1255 S gm sludge, 5 gm NaQH .4
2.5 gn Na,0
22
1266 S gm sludge, 5 3m NaOH 84.2
1267 10 gm sludge, S gm MaOH a71.2
800°C Roast, 2 Hours
1269 S gm sludge, 5 gm NaOH 50.4
1270 10 gm sludge, 10 gm HaOH 62.4
1355 Untreated solid sludge 0.6
Teazn  ~—

NOTE: -Starting Solid Composition (.): 17.86%.20 Cr, 0.36%*G.07 Fe,
0.94*0.10 Cu, 0.69%0.13 Hi,
0.06%0.03 Zn, < D.L. Cd.
0.35%0.02 Al

*All roasts conducted 1n open ~rucidles n a box furnace. NaGH
added as a solutron {500 gp')} tu dry sludge powder.

-All roasted solids were leached: 10 w/o0 solids, 0.5 hr., 259C, pH = 7.
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If the chromium has not heen oxidized then a conceptual modification of
the flowsheet presented in Figure 6.1 is that after Fe, Cu, Zn removal, nickel
can be removed by sulfide precipitation. A design matrix illustrating such a
separation is presented in Table 8.111. Further testwork has not been
conducted but .he approach shows a possible alternative tredtment procedure.
It would mean that the resulting solution would have to be further treated to

reccver the Cr*3.

After chromium oxidation, as described in sections 6.3.6 and 8.9.1.1. the
solution contains only Cr+6 {as Cr207=) and Ni’z with only small residua’
concentrations of other metal ions. Chromium (+6) can be separated from the
leach solution by: 1) precipitation, 2) ion exchange using an anion exchange
resin or 3 by solvent extraction.

8.10.1. Lead Chromate Precipitation

Chromium can be selectively precipitated from a sulfate solution by lead
cations, i.e., the Cr+6 concentration in equilibrium with lead chromate at a pH
= 3.1 s 0.87 mg/1. Therefore, lead cations should strip Cr+6 from an acid
solution at a pH value near the solution pH resulting from the previous
oxidation unit operation. The chromium stripping process is illustrated in
Figure 8.24.

Small scale testwork was conducted to determire the extent of anount of
PbSO4 added. The results are presentad in Table 8.112 and show that effective
chromium removal is achievesz at pH values in the range 4-5.

The results of large scale lead chromate precipitaticn are presented in

Table 8.113. The data show that chromium can be effectively stripped from
solution, i.e., chromium levels of 8 mg/liter were achieved.

8.10.2. Chromium Solvent Extraction

Solvent extraction literature(s) sho~s that Cr"6 as the anions, chromate
or dichromate, can be selectively extracted from acidic sulfate solutions by
Alamine 336 (a Tertiary Amire) and Aliquot 336. The extraction is pH
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PbSC,

Precipitation
u2$0‘
PbCrO‘ 3
Sulfute- pH <0
Regeneration

PbSO‘
2

pH = )=k

c—tt Hi.z Bearing

Solution

H Cro‘ Solutian

Figure 8.24. Chromium Removal bty Lead Precipitation
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TABLE 8.1)1. DESIGN MATRIX FOR SELCCTIVELY RCMOVING NICKEL FROM CHROMIWM (CR***) SOLUTION (FuLL REPLICA)

L6€

]

a Solutfong Tlae ‘:::;l

i pH (ein.) {{Stoich.)
Base 2.5 15 1.5

“f unit \ 5 .5 .

) R %5 T Results: Extraction from Solution (%)
Low {-) 1.5 10 1.0
Test # L] [

2020 1 - - - 22.6 5.6

2030 2 4+ - - 89.2(50.4)]12.1(13.2}

2021 3 - + - 24.9 1.0

2031 4 + + - 88.7 8.2

022, 1 5 - - + 40.9(24.0))5.3(3.3)

2032 8 4 - } 99 0 11.

2024 ? - + + 22.1 5.6

2013 [] + + 0 .5 .8

026 4 Base 83.1°1.5 18,104

Effects (%) .
Ni 32.7 -2.61 5.0 NOTF: -Synthetic Solution: 4 gp) N,
Cr 2231 -05] 0 2gpl Cr

-NagS solution added, usually slowly but complete with 10-15 win.
*Product filtered easily



TABLE 8.112. CHROMIUM REMOVAL BY LEAC CHROMATE PRECIPITATION

Sample No.

Conditions Chromiun Precipitated (%;

2197

2289
2N

2215

2297
2299

2226

2301
2303

2206

2237

2305
a3m

Starting Solution (0.31 gpl Cr)
Dx{dized with Ciz for one hour
at pH = 1,5,

Cor.tacted with 5 g PbSO,
Contacted with 10 g PbS s

Starting Solution (0.31 gpl Cr)
Dxidized w' th Clz for one hwr
at pH = 3.7.

Contacted with 5 g l’t‘.SO4
Contacted with 10 g *

Starting Solution {0.31 gpl Cr)
Oxidized with t.'lz for one hour
at pH = 3.9,

Contacted with 5 g PbSO
Contacted with 10 g ™"~

Starting Solution (2.61 gp! Cr)
Oxidized with C'Iz for one hour
at pH = 1.3,

Contected with 5 g l’bS()4
Contacted with 10 g "

Starting Solution (2.61 gpl Cr)
Oxidized with ﬂz for one hour
at pH = 4.0

Contacted with S5 g PbSO4
Contacted with 10 g *
Solution 2307 readjusted

to pH = 5. Contacted with

5 additional grams of PbSO,.

65.5 %ph‘ decrea_:sed to 3.4

95.6 (pH decreased to 2.8)
95.2 ( . )

88.3 additional removal

Notes: 100 cc exposed to chlorine; pH rmaintainea during oxidaticn; pH
adjusted to desired level; contacted witn PbSOs for 10 minutes.
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TABLE 8.113. LARGE SCALE TESTWORK ON LEAD CHROMATE PRECIPITATION

Sample No. Condition Concentration (gp))
Cu Fe in Cr N Cd Al
42 witer Test
2600 Starting Solution, pH = 4.2, 0.0) 0.03 0.06 2.34 1.57 0.10 0.16
2600 Five min. exposure 0.03 «<D.L. 0.06 0.80 1.50 0.10 0.09
to Ix stoichiometric -
requirement of PbSO,,
pH = 4.7
2602 Thirty min. exposure 0.03 «<D.L. 0.07 0.007 1.62 0.10 0.14

to 2X stoichiometric
requirement of mov
pH = 3.8

Note:

Detafled experimental results presented in TABLE 8.12).



independent and can be applied over the range pH 1-7. The disadvantage 1S

that the amine reagents are degraded by acidic solutions over long periods of
. 5)

tlme( .

8.10.3. PDichromate lon Exchange

Anionic ion exchange (IX) is a means of selectively extracting chromium
anions from chromium-nickeil sulfate solutions, e.g., Rohm and Haas IRA 900 (a
strongly basic IX resin) will quantitatively remove chromium anions from Cr-Ni
solutiors. However, recovery of the chromium from the resin by stripping wath
NaOH f{s difficult. Stripping can be accomplished but large volumes of strip
solution are required. Therefore, the concentration of the recovered chromium
is rather low. This is a distinct disadvantage because weak chromium bearing
solutions require concentration by solution evaporation which adds cost to the
overall recovery process.

An additional potential problem with IX resins is degradation by the leach
solution, especially highly oxidizing solutions such as high concentration
dichromate bearing solutions. Repeated load/strip testwork in the present
study definitely released the characteristic ammonia odor to the lavboratory.

Chromate recovery from plating rinse waters is commercially practiced on
solutions of low chromium content (<100 mg/1) and at pH values in the range of
4.5-5.0 using a weakly basic anion exchange resin, e.g., IRA 94. Such
solutions are drastically different from those solutions considered in this
study, e.g., tnhe present leach solutions are highly oxidizing and contain much
higher chromum concentrations.

8.11. NICKEL EXTRACTION

The nickel concentration in the treated large scale leach solution is in
the range of a few grams per liter. Leach tests on segregated sludge materials
produced nickel contents up to 42 gpl. However, most mixed metal sludges ‘
produced nickel contents in the range 2-6 gpl. A means of recovering the
nickel from solution and/or concentrating i1t in solution is required.
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8.11.1. Sulfide Precipitation

Nickel sulfide can be effectively precipitated from a nickel bearing
solution by the addition of a socium sulfide solution. If the sulfide solution
is added at tne proper concentration and rate there is no release of hydrogen
sulfide gas. The pH of the leach solution following lead chromate
precipitation is 3-4.5. It is desirable to maintain the pH at this level (or
even higher is better) to prevent the release of hydrogen sulfide gas.

The results of sulfide precipitation from the large scale tests are
presented in Table 8.114. The nickel content was decreased to Six mg/liter,
the chromium content to four mg/liter, and all other metal values to below
their detection limit.

Realistically tne amount of sulfide added to precipitate the nickel would
be chosen to less than the nickel stoichiometric requirement. It would not be
a problem if some of the nickel were left in solution since most {>90%) of the
final solution is needed as make-up water in the leach unit operation. A
deficiency of sulfide would be required because if sulfide existed in the
make-up water then HZS would be produced in the leach stage.

An alternative treatment approach would be to precipitate nickel hydroxide
along with the lead chromate by raising the pH to the range 6-9. The residue
could then be releached in ammonium carbonate to redissolve the nickel
hydroxide as a nickel amine. The lead chromate wou.d not be dissolved.

The advantages of this approach are two-fold. First, the filtrate from
the lead chromate-nickel hydroxide precipitate solid/liquid separation could be
recycled without fear of HzS generation in the leach stage and the ammonium
leaching of the residue would produce a ‘concentr-ced nickel solution that could
be treated to produce nickel sulfate, nickel carbonate, or other nickel
compounds .

8.11.2. Solvent Extraction

Commercial solvent extraction of nickel from sulfate solutions is not
extensively practiced. The equilibrium distribution diagrams show that nickel
395
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TAJLE 8.114. LARGE SCALE TESTWORK ON NECKEL SULFIDE PRECIPITATION

Sample No. Condivion Concentration {apl)
Cu fe n Cr Ni Cd Al

2605 Starting Solution, 0.04 <D.L., 0.06 0.0 1.67 0.10 0.10

sequentially treated test

series five, pH + 4
2606 Ten min. exnosure <D.L. . . . 1.5 «0.L, -
2607 Twenty min. exposure . . <D.L. 0.007 0.02 . .
2609 Forty-five min. exposure - . " 0.005 €.005 * v
2610 Sixty amin. esposure " " . 0.004 0.006 " .
Notes: . Detailed experimental results presanted in Table B.127.

Sodium sulfide (325 gpl) added slowly to solution. Addition (2X stoichiometric
requirement) complete after 45 minutes.



is not extracted from sulfate solution at low pH levels, i.e., refer to Figures
8.10a., 8.10p., 8.12., 8.16 for DZEHPA, VERSATIC Acid 911, LIX-64N. The pH
Tevel required for nickel extraction is too high to be applied to a chromium
bearing solution, i.e., Cr’3 will begin to precipitate at pH levels >2.5-3.5
(depenas on concentration in the solution). Therefore, the solvent extraction
of nicke! as a means of separating Ni’2 from Cr’3 is not feasible. Solvent
extraction of Ni+2 from the final leach solution, 2fter Fe, Cu, In, ana C~ are
removed, appears to be possible by DZEHPA. If the extraction is possible then
SX would be a way of concentrating the Ni content inta a strip solutfon and NiS
precipitation would be unnecessary. Bench scale shake tests were performed and
the results are reported in Tables 8.115.-8.117.

The influence of pH on LIX-64N extraction of Ni was 1avestigated (Table
8.115); about 20 percent extraction was achieved at an initial pH = 4 and pH =
S in two contacts. At an initial pH of 9 (Table 8.116.) 86 percent was
extracted. The use of an NH40H. NH4C03 buffer solution gives almost
quantitative extraction of Ni (Table 8.1.7.). However, the problem with the
high pH systems is that a portion of the nickel is precipitated from solution
as a hydroxide.

Although other investigators have shown extraction of nickel by DZEHPA at
pH values of 5-6, the present test work did not. The results of a series of
shake tasts are presented in Table 8.118.

Recent developments(‘3) in $X show that a pronounced synergistic effect
occurs when DZEHPA is mixed with non-chelating aldoximes. The extraction

sequence is drastically altered by the presence of the non-chelating aldoxime:
order of extraction by DZEHPA:

Un>Cu>Fe>Co>Ni
Order of extraction by DZEHPA plus 2-ethylhexanol oxime (EHO):

Ni>Cu>Co>Fe>Zn
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TABLE 8.115,

LIX 64N EXTRACTION OF NICKEL AS A FUNCTION OF PH: PH = 4-6.6

Sample No.

1370

1372
1373

1374
1375
1376
1n

Condition

Potassium Jarosite
In-situ precipitation;
six-hour exposure

ggggf_:r_kemoval
olution 1370 pH adjusted

to 1.75. Contacted twice
with 20% LIX 622

First Contact

Second Contact

1inc Removal

SoTutTon 1373 pH adjustea
to 2.0. Contacted four
times with 40% DENPA
First Contact

Second Contact

Third Contact

Fourth Contact

Concentration (gpl)

fe Cu Ni
0.42 3.69 2.10
0.48 .34 2.10
0.46 0.010 2.21
0.38 0.009 .23
0.024 0.010 2.02
0.013 0.009 1.724
0.007 0.00 2.20

Cr

0.54

0.58
0.6}

0.47
0.56
0.47
0.60

In Cd Al
6.89 0.27 4.65
1.22 0.3 a.n
7.65 0.31 5.3
2.23 0.24 3.58
0.83 0.28 3.06
0.1 0.23 1.53
0.02 0.26 0.64
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TABLE 8.115. CONTINUED
Sample No. Condition Concentration (qpl)
Fe Cu N Cr In Cd A}
Ell Adjustment (NH M! and
IX 64N 13 coniac .
1385 Solution 1377 after pi  0.003  0.002 1.22 0.28 0.00 0.4 o.n
adjusted to 4.0
1388 Aqueous after first <D.L. <«w.L. 1.1l 0.25 <.l. 0.13 0.10
contact (0/A = 1)
1391 Aquaous after second 9.002 <0.L. 1.07 0.23 0.008 0.13 0.09
contact {(0/A = 1)
1394 First strip of 139 <D.L. 0.004 0.006 0.000 0.00} 0.001 0.001
(0/A = 1) (150 gp}
"2504)
1397 Second strip of 1391 0.001 <.001 0.015 0.003 0.00) 0.002 0.002
(0/A = 1) (150 gpl
NzSOQ)
pi = 5.0
1386 Solution 1377 after <D.L. <D.L. 1.9) 0.089 «<D.L. 0.21 <.l.
pH adjusted to 5.0
1389 Aqueous after first 0.003 <0.L. 1. 0.085 «<D.L. 0.20 0.003
contact (0/A = 1)
1392 Aqueous after sccond 0.001 <0.001 1.56 0.073 0.004 0.%7 <0.001

contact (O/A » 1)
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TABLE 8.115. CONTINUED

Sample No. Condftion Concentration {(gp!)
fe Cu 11} Cr In Cd L]
1395 First Strip of 1392 4.0 <0.00% 0.012 <0.000 <0.000 0.001 <0.00
1398 Second strip of 1392 <0.001 <0.001 0.016 <0.001 <0.001 0.001 <0.00}
pi=6.6
1387 Solution 1377 after <D.L. <D.L 0.9 0.00 0.0V 0.07 0.009
pH adjusted to 6.6 .
1390 Aqueous after first 0.004 <0.001 1.09 0.0} 0.0 0.08 0.009
contact (0/7A = 1)
1393 Aqueous after second 0.001 <D.L. 0.98 0.01 0.03 0.08 0.007
contact
1396 First strip of 1393 0.001 <0.001 0.010 0.0} 0.001 0.05 0.00}
1399 Second strip of 1393 4.001 <0.000 <0.018 0.00 0.001 <0.0) <0.001
Notes: Solution {approximately one liter) trested sequentially to remove Fe, Cu, Zn prior to Ni

ANl nickel tests performed in 125 or 250 cc separatory funnels.

initial pH readjusted to starting value before each contact.



TADLE 8.116. LIX 64N SOLVENT EXTRACTION OF NICKEL: IIH40H. NM‘CO3

Sanple No. Tondition Concentration (qpl)
Fe Cu Ni Cr In Cd Al
1377 Starting solution: 0.007 0.010 2.20 0.60 0.02 0.26 0.64

potassium jarosite solu-
tion treated for Cy, Fe,
in removal

1233 Solution 1377 (150 cc) <D.L. 0.00s 0.612 0.02 0.00 0.03 <D.L,
butfered with 40 gp)
NH 0, 40 gpl HHgCL3
(zgo cc) to pH oi 9.0
and filtered

143 Solution 1433 contacted <D.L. 4.001 0.002 0.0} <D.L. 0.03 <D.L.
with 1C v/o LIX 64N,
90 v/o 4708; O/A = 1,
3 min., R.T.

Loy

1435 Repeat of 1434 <D.L. 49.001 0.002 0.0) <.L. 0.03 <D.L.

1436 Second contact of aqueous <D.L. 0.001 <.00t 0.0} <D.L. 0.02 <D.L.
1434 with 64 N

1437 Strip of 1434 organic <D.L. 0.003 0.55 0.003 «<D.L, <D.L. <D.L.
with 200 gpl H2S04,
0/A = 1, 3 minutes

1438 Strip of 1435 organic <D.L. 0.003 0.55 0.004 <D.L. <D.L. <D.L.

with 200 gpl MZSO4



TABLE 8.116. CONTINUED

oy

Sample Ho. Condition Concentration (gpl)
fe Cu Ni Cr In Cd Al
1433 Strip of 1436 organfc with <0.L. 0.001 0.006 0.002 <D.L. 0.005 <D.L,

200 gpl "2504

NOTE: . Starting solution treated for Fe, Cu, In removal by standard flowsheet practice.
, Al tests performed in 125 or 250 cc seperctory funnels.
. Temperature: 25-30°C.



£0Y °

TARLE 8.117. BENCH SCALE SEQUENTIAL SOLVENT EXTRACTION TESTWORK

Sample No. _ Condition Concentration (gp})
Cu Fe In

1466 Jargsited leach solution; 3.14 1.44 9.37
one liter

1467 Diluted 1466, pH = 1.75 1.56 0.69 4.9
Cu SX

1468 LIX 622 (10v/0) contacted with 0.02 0.69 5.00
1467 (0/A = 1)

1469 LIX 622 contacted with aqueous 0.003 0.68 4.93
from 1468. Initial pli of aqueous
to 1.75
In SX

1470 Aqueous 1469 adjusted to pH 0.001 0.63 1.7
= 2; then contacted (first
contact) with DEHPA organic
{O/A =)

1475 Mueaus 1470 adjusted to pH <D.L. 0.57 0.3
= 2: then rccontacted (second
contact) with UEHPA.

1477 Aqueous 1475 adjusted to pH < D.L. .44 0.03

= 2: then recontacted (third
contact) with DEHPA.

cr N G _A
0.54 4.95 0.52 1.58
0.22 2.5 0.24 0.63
0.27 274 0.25 0.64
0.26 2.1 0.25 0.53
0.27 2.76 ¢.23 0.55
0.22 214 .19 0.3
0.25 2.5 0.2 0.16
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TABLE 8.117. CONTINUED

Sample No. Conditfion Concentration {apl)
Cu Fe In Cr Ni Cd Al

1479 Aqueous 1477 adjusted topi < D.L. 0.35 <D.L. 0.27 2.75 0.05 0.04
=2; then recontacted (fourth
contact) with DEIPA,
DEHPA Organic Strip {Compositions of aqueous phase presented)

n Organic 1470 stripped with < 0.001 < 0.0V 3.50 <0.01 <0.01 0.02 0.01
200 gp) sulfuric acid

1473 Above organic stripped second . " 0.0 < D.L. <« D.L. <« D.L. < D.L.
time with 200 qpl acid

1472 Organic 1470 stripped with < 0.0 <0.00 3.36 < 0.0} < 0.01 <0.02 <0.01
150 gpl sulfuric acid

1474 Above organic stripped second < 0.001 < D.L. 0.0 «<D.l. < D.L. <D.L. < O.L.
time with 150 gpl acid )

1476 Organic 1475 (second extraction * 0.01 1.39 0.0 < 0.0 0.04 * 0.04
contact) stripped with 207 apl acid

1478 Organic 1477 (third cxtraction <D.L. < 0.01 0.26 <0.01 <0.01 0.05 0.05
contact) stripped with 200 gpl acid

1480 Organic 1479 (fourth extract- -0.001 < 0.00 0.03 < 0.00 0.02 0.07 0.02
ion contact) stripped with 200 gpl acid
Ni_SX: LIX 64N (10v/0)

1481 1.06 0.02 0.02

PH raised to 9, filtered <0.0001 0.13 <0.000 0.0
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TABLE 8.117. CONTINUED

Sample No. __ Condition Concentration {gpl)
Cu fe In Cr i cd Al
1482 Aqueous 1481 contacted with < D.L. 3.5 <«OD.L. 0.13 0.15 0.06 0.02

LIX 64N (O/A = 1)

1484 Organic 1482 stripped with <0.001 0.02 <0.L. <0.0) | R < D.L. <0.01
200 gpl sulfuric acid
Ni _SX: LIX 64N (10v/0)

1485 PH raised to 9 with <0.008 0.02 <D.L. 0.02 0.48 < D.L. <0.01
RH401/M113C03 mixture (40 gp)
each), filitered

1486 Aqueous 1485 contacted with <D.L. 0.02 . . 0.08 . .
LIX 64N (O/A = V)

1487 Organic 1486 stripped with < 0.001 < 0.001 . . 0.35 *  <0.001
200 gpl sulfuric acid

Notes: 8arrel 14 sludge leached under standard conditions.

Cu SX: 100cc of aqueous centacted with 100cc of organic, 3 min, asbient temperature,

0/A =1

In $X: 100cc of aqueous contacted with 100cc of organic, 40 v/o DEHPA, conditions as
above.

DEHPA Strip: conditions as for other SX tests.

NTSX:™ conditions as above, pH of aqueous phase raised, solution filtered, then contacted

with organic.
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TABLE 8.118. DEHPA EXTRACTION OF AICKEL AS A FUNCTION OF SOLUTVION PH:

PH = 4,5

Sample No.

n

1458

1459

1442

1443

1444

1445

Condition

Starting solution:
potassium jarosite solu-
tion treated for Cu, Fe,
in removal, Pil = 1.29

Solution pH adjusted to
to 5.0 and filtered

Solution pli adjusts to
6.0 and filtered

10 v/o DEHPA - 80 v/o
4708; pH = 5.0

First contacl with 1458
Final pH = 2.6, O/R = 1§,
R.7., 2 minutes

Strip of 1442 organic
with 150 gpl stoq.
0/A =}

Second contact, aqueous
(1442) with 10 v/o DEHPA,
0/A = 1, aqueous adjusted
to pH = 5.0

Strip of 1444 with
l§9 gpl sto‘. 0/A =)

Concentration (gpl)

Fe '

Cy

Cr

In

Cd

Al

0.0

0.01

0.01

0.60

0.2

<D.L.

0.15

0.02

<D.L.

0.03

0.01

0.01

0.26

0.20

0.01

2.1

<D.L.

0.12

0.64

<D.L.

<°olo

<D.L.

<«D.L.

<D.L.
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TADLE 8.118.

CONTIHUED

Sample No.

1450

1451
1452

1453

1446

1447

1448

Condition

pi= 6.0

First contact of 10 v/o
DEHPA ui(t,h 1459 aqueous,

pﬂ a 6.

Strip of 1450 organic
with 150 gpl sto‘
Second contact, aqueous
1459, pHi = 6.0

Strip of 1452 organic
with 150 gpl sto‘

40 v/o DEHPA, 60 v/o 4708
pi=5.0

First contact, aqueous
(1458) with 40 v/o DEHPA,
O/A =)

Strip of 1446 organic
with 150 gpl sto‘

Second contact, aqueous
(1458) with 40 v/o DEIIPA

Concentration (gp))

1] Fe Cu Cr In Cd Al
0.87 0.0 «.t. 002 <0.L. 0.03 <OD.L.
0.0 0.00 . <p.L. 001 <D.L. 0.04 <OD.L.
0.77 0.01 «D.L. 0.00 <DL, <D.L. <D.L.
0.63 0.01 «0.L. 0.00 <DL. 0.04 <OD.L.
1.5 0.0 0.00 0.18 0.01 0.02 «D.L.
0.08 0.0} 0.0t 0.03 0.0! 0.17 <D.L.
1.58 0.0% 0.0 0.15 <DL, <DL, <O.L.
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TABLE 8.118. CONTINUED

Sample K. Condition Concentration (gpl)
Ni fe Cu Cr In Cd A)
1449 Strip of 1448 organic 0.10 < D.L. 0.0} 0.04 < D.L. 0.05 < D.L.
with 150 gpl H,SO
2774
L
1454 First contact, aqueous 0.80 0.01 < D.L. 0.02 <DL, <D.L. <DL,
(1459) with 40 v/o DEWPA —
* 1455 Strip of 1454 organic 0.02 0.0 < D.L. 0.01 < O.L. 0.08 < D.L.
with 150 gpl H,SO
4
1456 Second contac., aqueous 0.84 0.01 <« D.L. 0.02 «<D.L. <D.L. <D.L.
(1459) with 40 v/o DEHPA
1457 Strip of 1456 organic 0.06 0.01 < D.L. 0.0) < U.L. 0.01 < D.L.
with 150 5pt H2504
Notes:

Starting solution treated for Fe, Cu, In removal before nickel testwork.

Contact conditions:

O/A = 1, Temperature = 25°C, time = 2-3 minutes,
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TABLE 8.119. NICKEL EXTRACTYION 8Y 40 v/o DEMPA - 70 GPL EHO

Samnle No. Final pH Ni Concentration in Aqueous Extraction (gpl) Strip (gpl
Phase (gpl)
dmtta)  Final
5056 30 4.37 2.9 32.0 100.0
5057 3.0 4.26 3.30 . 22.5 100.0
5058 2.7 5.10 3.8 4.7 100.0
5059 3.0 5.05 3.30 34.6 100.0
5060 3.0 5.31 2.92 45.0 100.0

Average 31.8

Motes: . O/A = | loading, O/A = 1 stripping, S0 cc each phase, 25%¢
. 200 gpl sulfuric acid



The change in order is not as important to the present project as the fact that
the pH at which extraction occurs is shifled dramatical]y(44), Figure 8.2%,
i.e., the pH for 50% Ni extraction by DZEHPA-£H0 is 1.58 while the pH for 50%
Ni extraction by DZEHPA alone is 4.11. The DZEHPA-EHO mixture appears to be
worth further consideration as a means of concentrating the Ni content.

ot e = e ———— & g .

oo DitnPa-End- N
=0~ D22EHPA

-~
i
L§

(& . Mg ht./’é
e

I

Entsoction, %%
“n
=)
T

~
e
+—

d Equdidrum piv

Figuré 8.25. Extraction of nickel, calcium, magnecium by 0.5 M D EHPA
and its mixtuf$371th 0.5 M 2-ethylhexancl oxime (EHG) :
(from Preston e .

A series of small scale shake tests were performed to verify that nickel
could, indeed, be extracted from low pH solutions by a DZEHPA-EHO mixture and a
LIXG3-DZEHPA mixture. Also it was important to determine the selectivity of
the organic for nickel in the presence of chromium.

A series of shake tests was performed at a pH of approximately three using
the organic composition suggested in the study by Preston(44). The results
shown an average extraction of approximately 32 percent nickel, Table 8.119.

A design matrix series was run and the results are reported in Table
8.120. Excellent extractions were achieved for several conditions, e.g.,
80.2-83.1%, for a single contact. The stripping is also excellent. This
system is far from being optimized. A graduate student isbcontinuiag the
research beyond the results reported here. The system does appear to hold good
potercial for nickel recovery and concentration. If nickel could be solvent
extracted from the chromium (+3) at a pH <2.5, then the expensive chromium

- 410
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TABLE 8.120.

DESIGN MATRIX FOR DEWPA - EHO SOLVENY EXTRACTION SYSTEM

Sample HNo.

Time EHO DEHPA  pH{Final) Concentration(?pl } Extraction Strip

{win) (gp1) ({v/o0) Initial Fina (3) {x)
5061 3 1 20 1.20 .ot 1.76 4.5 100.0
$062 7 0 2 1.46 3.02 1.6) 46.7 100.0
5063 3 130 20 1.4) 3.02 0.98 67.5 71.6
5064 7 130 20 1.20 3.02 0.80 n.5 84.0
5055 3 10 60 1.41 3.00 1.39 53.8 100.0
5066 7 70 60 1.20 3.80 1.12 62.7 100.0
5067 3 130 60 1.15 3.29 0.65 80.2 100.0
5068 7 130 60 1.35 3.02 0.5} 83.1 100.0
5069 ? 130 60 1.34 3.02 0.55 81.8 100.0
5070 S 100 40 1.32 2.84 0.724 3.9 100.0
507} S 100 40 1.3 3.00 0.74 15.3 100.0
Notes: . O/A = 1 for loading; O/A = | for stripping, 50cc each phase, 250C

200 gpl sulfuric acid



oxidation would be unnecessary. The nickel could be extracted and recovered by
electrowinning and the chromium could be precipitated as Cr(OH)3; then calcined
to Cr203. This system 1s presented as one of the cost alternatives in Section
8.15. A considerable saving in cost may be possible.

Another system has also been examined in & cursory manner; the LIXo3-
DZEHVA system. An isotherm was run at a pH of 1.17 using a mixture of 12.5 v/o
LIX63, 16.1 v/o DZEHPA. remainder KERMAC 510. Gond extraction is indicated by
the data presented in Table 8.121. Chromium is not extracted. Testwork on
botﬁ the above systems is continuing. Several variables will be investigated:
the organic composition (EHO or LIX63 mixed with DZEHPA); equilibrium pH; time
of contact; temperature; stripping efficiency as a function of acid strength.
Both systems appear to hold promise for nickel extraction at low pH levels.

8.12. FINAL LARGE SCALE SOLUTION PURIFICATION

A sample of the large scale test (sequential test series five) leach
solution (a‘ter Fe, Cu, Zn, Cr and Ni ~emoval) was treated by a cation exchange
resin. The solution after nickel sulfide precipitation contained only 4 mg/}
Cr and 6 mg/! Ni. Ali other elements were less than the analytical detection
limit (<0.01 mg/1). A 150 cc sample was contacted with IRA-200, a strong
cationic exchange resin in the hydrogen form and a second sample was contacted
with the same type resin in the sodium form. The final Cr and Ni content was
reduced to < 1 mg/1 and 1 mg/1, respectively, using the H* form; and to 3 mg/1
and 2 mg/1 respectively using the Na* form.

Practically all of the final solution will be recyclied to the leach unit
operation, i.e., for the treatment of 100 pounds of sludge, most of the final
solution volume will be recycled to satisfy the leach water requirement.
Therefore, if IX is required as a final clean-up unit operation, it will be
necessary to only treat a rather small volume of solution.

8.13. LARGE SCALE SEQUENTIAL METAL EXTRACTION AND RECOVERY TEST DATA

A series of large-scale tests were conducted to develop test data to
design a particular unit operation; to design further testwork; or to verify

4,2
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TABLE 8.121. NICKEL SOLVENT EXTRACTION BY L1X63 -DEHPA: ISOTHERM DATA SUMMARY

Samplle Ho. Condition Concentratfon (gpl)

Nt Cr Cu Fe In Pb
5071 Starting 5.544 10.525 0.022 0.007 0.020 0.002
5072 0/A = 10/} 0.695 10.728  0.007 0.005 0.004 0.013
5073 5/1 2.038 10.918  0.011 0.007 0.008 0.005
5074 an 3.32% 10.669 0.040 0.007 0.007 0.022
5075 " 3.685 10.604  0.022 0.007 0.017 0.918
5076 1/5 4.368 10.529 0.013 0.008 0.014 0.010
5077 /10 5.059 10.457 0.014 0.008 0.015 0.005
Notes: Solution pH 1.17

Organic: 12.5 v/o LIX 63, 16.1 v/o DEHPA, remainder KERMAC 510
Temperature: 250C
Time: 3 minutes



the applicability of a particular unit operation. These data are presented 1n
the fcllowing tables and are referred to and discussed throughout the previous
sections. The data are in a chronological order &s collected. Not all unit
operations were performed in every sequential test.

8.13.1. Sequential Test: Series One (83 Pound Test)

Purpose of test:

Results

Comments

Generate solutions for copper and zinc solvent
extraction.

Table 8.122, Sequential Test: Series Cne
Table 8.123, Sequential Test: Mon-PRecoverable tlements

First use of filter press resulted in the di<covery that
the diaphragm pump was not sta‘nless steel as per
specification. Pump cortaminated filtered solution with
iron. Test was not desicned to collect mas3 balance data
but was pertformed to gain experience with the large
scale leach, filter press and SX equipment. Phase
separations in the SX testwork were good, flowrate of
solutions controllable, muck and crud formation minimal.

8.13.2. Sequential Test: Series Two (20C Pound Test)

Purpose of Test:

Results

Comments

A large leach was conducted then split into two volumes.
One volume was saved to be used as stock solution for
feeding into operating jarosite solution. The test
objective was to investigate continuous jarosite
precipitation under constant feed conditions. A second
purpose was to prepare a large volume for SX work.

Tables and 8.124, Sequential Test: Series Two
Table 8.123, Sequential Test: Non-Recoverable Elements

Continuous precipitation test not run because desired
iron level in operating jarosite was not achieved. In
SX did not remove all 2inc in first series of contacts
because insufficient D,EHPA present. Zinc raffirate
recycled through systeﬁ twice more at higher starting pH
levels. Gypsum precipitated in the strip cells.

8.13.3. Sequential Test: Series Three

Purpose of Test:

Results

Further large scale testwork on copper, zinc SX.

Table 8.125, Sequential Test: Series Three
Table 8.123, Sequential Test: Non-Recoverable Elements

44
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TABLE 0.122. SEQUENTIAL TESTS: SERIES ONE (83 POUND TEST)

sauple No.

1367

1m

1440

1466

Conditions Concentration (gpl)
fe Cu Nf Cr In Cd Al

Leach-Jarosite Precipitation
Leach solution. 53° C: 20,20 5.18 8.04 1.08 13.96 0.7 2.23
(one-half hour, standard t . :
conditions): 64 liters [Fe'* = 0.91 gp)
Leach solution, diluted and 14.00 3.60 5.45 0.75 9.89 0.53 1.56
pH adjusted to 2.14 . 90 liters .
five hour exposure to 4. 02 3.62 6.32 0.65 11.38  0.62 1.77 {Vol.=78
potasstum jarosite conditions. 1He.)
:n-sigu deposition of Jarcl)site [Fe ] 0.92 gpl.
nto leach residue. Sample c it4 djusted f i
after filiering through filter omposition adjusted for solution loss from vessel
press. pH = 1.03 final. 90 . 3.12 5.45 0.56 9.8) 0.53 1.53
liters of solution (later
found to be iron contaminated
by filter press punp)
Abo.e solution (1371) pit 3.% 3.4 4.95 0.54 9.37 0.52 1.58
adjusted with X OH to 2.75, volume 99 lfters,
Seven-hour exposure to 157 2.8 5.04 0.58 9.86 0.52 1.30 (Vol.=94
potassium jarosite 1it.)
depositicn. Filtercd one- Composition adjusted for solutfon loss from vessel
H21F batch before punp 1.49 2.72 4.79 0.55 9.36 0.49 1.23

failed. pH final = (.90
(see Noteg
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TABLE 8.122. CUdTINUED

Sawple No.

1523

1524

1526

1532

1533

Conditions

Copper SX (10 v/o LIX 622); Reister Systea;
W*Pe -stage extraction;

1-stage strlp 150 qpl Hp504)
recycled; 250 cc/min. flow
rate

Solutfon 1466 diluted to 0.65 1.7
240 1i{ters. Starting solu-

tion for Cu SX test (40

liters) Initial pli = 2.14

Raffinate from contact. 0.68 0.01?
Final pH = 1.73. 40 liters

Final strip solution; 3.8 l. 0.028 .2.22
{starting acid 150 gpl ) S0,)
Note some solution carry ov!r

Zinc SX (27 v/o DEHPA

. -stage extraction;
c-stage strlp 200 gpl H2504)
recycled; 250 cc/min. flow

rate., initial pit = 1.75, 49 Viters of 1524

Rafrinate from Contact, 0.46 0.014
final pi = 1.29, 25 liters

Concentration (qpl)

fe Cu . Ce in Cd Al
3.02 0.28 4.94 0.3t 0.55
3.18 0.29 5.14 0.33 0.56
0.10 0.018 0.076 <D.L. 0.026
2.84 0.25 1.00 0.28 0.2
0.018 0.004 4.74 0.016 0.035

Final strip solution, 7.6 1; 0.005 <D.L.
(starting actd’ ZOngl ",50,)
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TABLE 8.122. CONTINUED

NOTE: -Barrel 4 sludge material. Sludge weight: 83.) pounds. Solids weight: 27.4 pounds.
*5ludge Composition (X): :? “453. Cu (3.73), N (4.60), In (8.87), Cr {0.72), Cd (0.48),

+The filter press pump contaminated solution with fron. Yhe fron content of solution before
filtering was 0.068 gpl (68 ppm). After filtration the fron content was 1.44 gpl (sample 1466).

.LIX 622 loads copper that does not strip coapletely. This effect is characteristic of LIX.
-DEHPA concentration insufficient to remove all the zinc; DEHPA loeds U.15 gp) In per v/o
DEMPA; therefore, 27 v/o DEMPA will extract only 4.0 gpl Zn. Also, later found that pH

decreased in first two contacts to 1.3; therefore, last two stages of contact were not extracting
In into the organic phase.

.Joarosite conditions: pH: 2-2.8, teaperature: 88-92.
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8.123. SEQUENTIAL

Samole No.

Condttion

1366
1367
13N
1466

1523
1524
1526

1532
1533

1765
1757
1769

1802
1816
1817

1811
1824

1825

1826
1833

1834
1882

1889
1890

Leach Solution
uted

S hr Jarosite

7Fkr .

Start for Cu SX
ffinate
(Also start for
Zn SX)
Cu Final Strip

In Raffinate
In Final Strip

Leach Solution
r Jarosite
Final * (12 hr)

Cu SX Feed
nate
Cu Firal Strip

In Feed(pHs=1.75)
inate,3.25
hrs.

Zn Strip

In Feed(pHe2.02)
inate,2.75

hrs.

In Strip

In Feed(pH=2.5)
ffinate.3 hr
in Strip

TEST: HNON-PECOVERABLL ELEMENTS
Concentration (cpl)
S Ca Al Fe p
SERIES CNZ (For condition detafls see Tadble 8.86)
1.56 0.58 2.23 20.20 3.09
1.09 0.53 1.6 14.00 2.04
1.16 0.60 1.77 4.02 1.48
- 0.5} 1.35 1.44 0.78
0.12 0.3 0.55 0.65 0.69
0.12 0.3 0.56 0.68 0.16
0.03 0.06 0.03 0.03 3.17
0.1 0.17 0.32 0.46 0.17
0.01 0.13 0.03 0.0} <0.L.
SERIES TWO (For condition details see Table 8.88)
2.16 0.12 2.27 16.33 2.62
1.78 0.13 1.87 2.87 1.03
0.19 0.05 0.56 1.04 1.11
0.28 - 0.4 - 1.14
0.28 0.17 0.45 1.14 D.L
0.21 0.05 0.03 0.11 S.52
0.28 0.42 0.45 1.13 0.0V
0.27 0.02 0.28 1.00 0.1
0.03 0.21 0.17 D.L. 0.L.
0.27 0.13 0.29 0.97 0.02
0.27 - 0.06 0.60 0.G3
0.08 2.45 0.52 <D.L. <0.L.
0.22 0.02 0.05 0.52 0.01
0.22 0.18 0.L. 0.16 0.01
0.03 0.26 0.65 0.03 0.01
Continued
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TABLE 8.123. CONTINUED

Concentration {cpl)
Sample No. Condf tion
e st Ca Al Fe P
SERIES THREE (For condition details see Table §.89)
1962 Final Jarosite 1.15 0.80 2.99 0.46 1.09
ution
1966 Large System Cu 1.1§ 2.48 0.44 0.43 0.92
s+ rinal rarfinate
after crud shutdown
1991 Small System Cu 0.68 0.54 1.58 0.28 1.08
» te&ch solution
diluted,starting solution.
2005 Cu Final Raff. 0.63 0.45 1.58 0.26 0.18
2766 Cu Final Strip 0.02 <p.L. 0.03 0.15 9.95
2005 Small System Zn 0.63 0.45 1.58 0.26 0.22
$X; starting solution
2109 In Final Raff. 0.77 0.16 1.24 0.06 0.22
210 Zn Final Strip 0.01 0.55 0.9¢ <0.L. <D.L.
SERIES FOUR (For condition details see Table 8.90)
2116 Leach Solution 3.48 1.1 4.61 20.47 5.09
218 UiTuted Teach 1.37 0.46 1.78 8.n 1.65
2126 Final Jarosite 1.47 0.58 1.78 0.34 1.12
Treated Solution
Q22 Cu SX Starting 1.02 0.40 1.0 0.33 1.25
ution
2144 Final Raff. 6 hr. 1.01 0.39 0.96 0.31 0.44
2143 final Strip 0.12 <«D.L. <0.L. 0.05 31.08
2146 Cu SX Raff. 0.98 0.38 0.93 0.29 0.20
atter passing
through system second time
2147 Final Strip, 6 hr<D.L. 0.0 «<«D.L. <OD.L. .
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TABLE 8.123. CONTINUED

Concentration (gpl)

Sample No. Condition
S1 Ca Al Fe P

2177 In SX Startin 0.88 0.40 1.22 0.29 0.02
Solution, »H = 2.0

Qad Final Raff, 2.5 0.86 0.07 0.49 0.01 0.04
hrs.

21808 Final Strip 0.02 0.46 0.34 <D.L. <<.L.

242 Zn SX Startin 0.16 0.32 0.8) 0.58 0.02
Solution, pH = 3.0

2256 Final Raff, 6 hr 0.48 0.08 0.32 0.14 0.06

2181a Chromium Oxid. 0.86 0.07 0.49 0.01 0.04
starting solution
before pH adjust

2361 pH adjusted to 0.07 0.08 <D.L. <0.01 <D.L.
S, aqueous phase

2340 Chlorine oxid. 0.07 0.10 0.02 0.0 <D.L.
1hr

2374 Chromium Reoxid. 0.03 c.07 0.01 <0.01 <D.L.
1.9 dr,

2376 Chromium Precip. 0.03 0.07 <0.01 <0.01 <D.L.
by lead sulfate
added to 2374

2348 Chromium Precip. 0.05 0.09 <p.L. «<D.L. <D.L.
¥Z, starting solutton

2352 One hr exposure,2X
Pbso4 sdded 0.05 0.09 <0.01 <D.L. <D.L.

2364 Lead Sulfate- <D.L. 0.10 < D.L. <D.L. <D.L.
Lead Chromate

2367 Nickel Precip. 0.04 0.04 < D0.L. <0.01 <D.L.
¥roa 10 Titers
of 2352, starting
solution

2378 Final Filtrate 0.03 0.04 < D.L. < D.L. < D.L.
SERIES FIVE (For condition detatls see Table 8.91)

2492 Leach Solution 0.70 0.17 1.74 9.73 1.76

2494 Final Jarosite 0.87 0.2} 1.30 0.57 1.28

ution
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TABLE 8.123.

CONTINUED

solutton, GO min.

Sample No. Conditiorn Concentration {(gpl)
St Ca Al Fe P

2494 Cu SX Startin 0.87 0.21 1.30 0.57 1.28
Solution =

2499 Final Raff. 0.82 0.22 1.25 0.52 1.28

25008 Final Strip 0.L. 0.03 «d.L. <D.L. 7.72

<525 In SX Startin 0.82 0.22 1.20 0.37 0.18
SoTution, pH = 2.0

2526A Final Raff.for 0.79 0.07 o0.40 0.16 0.19
starting pH ¢ 2.0

2524 Final Raff., for 0.51 0.04 0.52 0.07 0.20
starting pH = 2.5

25268 Composite Raff. 0.75 0.04 0,38 0.18 0.21

2527 Final Strip 0.09 0.49 8,27 «<D0.L. <O.L.

. 2564 Chromium Oxid. 0.86 0.04 0.39 0.22 0.17

starting solution

2592 Final Oxid. 0.2¢ 0.05 0.08 «<0.L. «0.L.
solution, 83.6% oxidized

2600 Chromium Precip. 0.27 0.04 0.16 0.03 <D.L.

2603 nal Expose 0.17 0.08 0.14 D.L. <0.01
Solution, 45 min,

2605 NiS Precipitation 0.23 0.03 <0.01 «<C.L. <O.L.
starting solution

2610 Final exposed 0.19 0.03 «<0.t. <0.L. «<D.L.
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TARLE 8.124. SEQUENTIAL TEST: SERIES TWO (200 POUND TEST)

Sanple No. Condition Concentration (gpl)
Fe Cu In Cr Ni Cd Al
Leach-Jarosite Precipitation
1765 Starting Solution, ‘one-hatf
hour standard leach; about
one half of leach solution
subjected to jarosite
conditions, 60 liters 16.33 1.48 9.96 1.05 8.47 0.46 2.27
ns? One hour exposure 2.87 1.08 8.57 0.69 .12 0.39 1.87
1769 Twelve hour exposure.
pH overshot drastically 1.04 1.04 8.31 0.5% 6.94 0.38 1.68
1802 Final solution after 1.13 0.9 8.89 0.26 8.02 0.4) 0.4
filtration, pH adjusted -
to 1.9.
Copper SX
1802 Feed Solution as above
Copper Raffinate (Starting pH:1.9)
1.12 0.007 8.89 0.26 7.87 0.41 0.4%
4 A 113 004 8.8 026 7.9 0.41 0.5
1 2 hours 1. 0.065 8.89 0.26 8.00 0.41 0.45
1903 3 hours 1.16 01 89 022 822 0.4 0.6
1816 4 hours 1.14 -0.022 8.8¢ 027 8.07 0.42 Q.95
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TADLE 8.124. CONTINUED
Sample No. Condition “Concentration (gpl)
fe _Cu In Cr i Cd Al
In SX (Feed from Cu SX
adjusted to pH = 1.25)
181 Feed Composition 1.13 0.058 8.84 0.2 8.02 0.42 0.45
1814 1.5 hours 0.97 0.00 .79 0.27 8.06 0.40 0.27
1818 2.5 hours 0.93 0.034 1.6 0.25 7.65 0.38 0.26
1824 3.25 hours 1.00 9. 1. .63 0.27 8.08 0.47 0.28
Above Raffinate Adjusted to
pH = 2.02 and Recycled through
System
1826 pH Adjusted Feed 0.97 0.005 1.63 0.27 8.10 0.4} 0.29
1827 1 hour 0.60 <D. L. 0.09 0.26 7.9 0.29 0.06
1831 2 hours 0.59 o.oM1  0.%% 0.26 £.45 0.35 0.06
1833 2.75 hours 0.60 0.013 0.58 0.27 8.67 0.37 0.06
Adbove Raffinate Adjusted to
pH = 2.50 and Recycled through
Systea
1882 Feed
1885 ! hour 060 g-g‘l,:zi 058 027 8.6 0w 0.6
1889 3 hours . . <D. L. 0.25 8.75 0.1 0.004
<D, T. 0.25 817 0.13 «<D. L

NOTE: Starting Sludge Composition (average of ? samples in 3): 18.

Barrel 14 siudge; 81.6% H20; 18.6% solids.
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TADLE 8.124. CONTINUED

. Leach-Jarosite

Standard leach conditions, 156 liters
Standard jarosite conditions initially established. pH overshot during las two hours of
test. Sigrificant metal value lost by hydroxide precipitation.

.tk

Two stages of contact {initial pH = 1.90, | stage of scrub (100 gpl K2504), 1 stage of strip
(17€ gpl H,S04, aqueous solution recycled).

O/A =1, 10 v/o LIX 622, 9C v/o KERMAC 4708.

Organic previously used and not retreated before this application.

. s

Four stages of contact (0/A = 2}, two stages of strip (0/A = 2, 200 gp! sto‘ fresh solution).
40 v/o DEIPA, 60 v/o KERMAC 4708.

Strip solution recycled.

Feed rate 0.25 1/min for organic and aqueous.
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TABLE 8.125. SEQUENTIAL TESTS: SERIES THREE (75 POUND TEST)

Sample No. Condition Concentration {(gp!)
fe Cv In Cr ni Cd Al
Residue-Jarosite Precipitation
1961 Final 6 hour exposure, 82 1it. 0.50 4.07 10.55 0.722 5.6} 0.58 13.07
1962 Final salution allowed to ¢.46 3.99 10.24 0.70 5.36 0.5 2.9
scttle 8 hours .
Large System Cu SX
10 v/o LIX 622, 90 v/o KERMAC 4708; two stages of KZSO‘ (100 gp1) scrub; two stages
of strip {150 gp} H,S0,); aqueous phase initial pH B 2.0. System uncontrallable
because of crud forﬁat on.
Snall System Cu SX
Rbove leach solution diluted to increase available volume of solution; two stages of
kerosene scrub; two siages of contact (0/A = 1); two stages of strip (0/A = 1),
1991 Starting feed solution 0.28 2,32 5.9 0.42 3.78 0.41 1.58
260E Final raftinate, approximetely 0.26 0.047 S5.7¢ 0.40 3.39 0.36 1.58
20 14t. run through system, -
2006

Final strip 0.15 28.71 0.10 0.008 0.04 «D.L. 0.03
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TARLE 8.125. CONTINUED

Sanple No. Condition Conrentration (gpl)
Fe Cu In Cr Ni Cd Al

Small System Zn SX

Four stages of contact; pH ad]ustment after first two stage; three stages of strip.

2005 Starting Solution 0,26 0.05 5.70 0.40 3.9 0.36 1.50

2096 Raff. from stage two, Jhrs 0.08 0.04 0.72 0.39 3.04 0.44 1.60
2097 Raff. from stage four, 3 hrs _0.03 0.04 7003 0.38 3.02 0.44 T1.60
2098 Strip, 3 hrs 0.0 0.02 25.30 0.00 0.08 0.16 0.5
2100 Raff. from stage two, 4 hrs 0.08 0.04 0.66 0.39 3.05 0.46 1.59
2102 Raff. froo stage four, 4 hrs 0.04 0.04 V04 0.38 3.00 0.32 0.8
2104 Strip, 4 hrs <o.L. o001 2871 o000 o0.11 0.17 U057
2108 Raff. from stage two, 7 hrs  0.10  0.04 J;gg 0.39 315 0.38 1.8
2109 Raff. from stage four, 7 hrs 0.06 0.03 10,05 o041 326 034 V1.2
Approximately 20 1.t.
2110 Strip, 7 hrs <D.L. 0.02 33.05 <0.00 0.11 0.18 0.8

Notes: Sludge from barrels 2 and 4 mixed. 754 sludge, 21.8¢ solids.
Standard leach conditions
Standard jarosite conditions.
Large: Cu SX
. Two stages of extraction, O/A =1; Two stages of scrud, 100 gp) KyS04+ O/A =13
Two stages of strip, 150 gpl H,S0,, O/A = 1, recysled strip.
Solution fiowrate, 250 cc/min,“t eralure. 35-45YC
. Small: Cu SX
. Two stages of extraction, O/A = 1; 10 v/o !X 622 (from large cells);
Two stages of kerosene scrub, 0/A = 1; Ywo stages of strip, 150 gpl actd, OIA = ).
. Solution flowrate, 50 cclmin. ten:perature 35-459¢C.
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TARLE 8.125. CONTINUED

Notes:

. Sazll: In SX
" . Four stages of extraction, O/A = 1; 40 v/o DEHPA; pH adjussed to 2.0
after first two stages; flowrate 50 cc/min, temperature 55°C.
. Three stages of strip; 0/A = 1; recycled strip acid; 200 gp) nzsoq(lnitial)



Comments :

8.13.4. Sequential Tes

Leach and jarosite precipitation went very well.

Lowered ircn content from 14.49 gpl Fe to 500 ppm in six
hours. Cu SX completely uncontrollazble; a great deal of
crud formed and the test had to be terminsted. The
suspected problem was K,50, scrub stages. SEM work
(Figure 8.26) showed la?ge amounts of potassium and
sulfur in the crud matertal. Testwork performed on
small Bell system to determine problem. Problem was
overagitation in the mixer cells. This problem was
overcome by adding flowseters to each mixer cell so that
an even flow was established to each cell.

Small scale zinc tests were conducted tc Sstudy pH
readjustment after two stages of contact. Results were
favorable. Gypsum forued in strip cells. A filter
system was devised.

t: Series Four (35 pound test)

Purpose of Test:

Results :

Comments :

To produce a solution (containing 20 gpl Fe) to carry
completely througn the flowsheet.

Table 8.126, Sequential Test: Series Four
Table 8.123, Sequential Test: Non-Recoverable Elements

Copper SX problem described in Sequential Test three
overcome by better control of mixer agitation and
removal of KZSO strip cells. LIX-622 content
insufficient fo# complete copper removal in this
continuous test so solution cycled through system again.

Thirty liters of chromium-nickel solution treated as
depicted below:

30 liters (2181)

treated by:

Cl2 adjusted Eh to >1000
pH°maintained >4, filtered
after oxifat1on (2340)

15 liters'treated
to PbSO, precipit

10 liters, reoxidized
ation in flowing Cl, for 1.5 hr.

1nhr., pH 4, filtered then filtered
PbS0,-PBCFO, Filtrate: 2367 . 1 —_
Relegsed in treated with Na,S Solids Filtrate: 2374
10 v/o0 of precipitation o? treated with PbSO
H,S0,(2364) NiS, pH 5, 30 minutes . for precipitation,
1;2 ﬂr. filtered | |

1] ]
| Filtrate: 2378 PbSO,-PbCr0,  Filtrate:
Solids 2376

Solid
Ni§

428



TARLE 8.126. SEQUENTIAL TESTS: SERIES FOUR ( 35 POUND TEST)

6C%

Sample No. Condition Concentration (gpl)
Cu Fe In Cr /1] Cd Al
Standard Leach {Barrel 1)} , 30 liters
N4 15 minutes 11.15 20.37 17.70 1.7 .17.99 1.13 4.50
2115 30 minutes 11.16 20.24 12.67 1.74 8.0t 1.12 4.5)
2116 45 minutes 11.16 .47 18.04 1.76 7.96 1.14 4.61
Jarosite . .
2118 Leach Solution Dilutes, 60 1it; 5.2 8. 7.2 0.70 3.4 0.44 1.78
2119 \ hour jarosite, 57 lit. 5.14 0.92 7.5% 0.53 3.3 0.46 1.66

Adjusted composition for solution volume decrease.

4.88 0.87 7.17 0.50 3.4 0.44 1.60
2125 6 hour jarosite, 51 lit. 5.9 E 8.00 0.48 n 0.5 1.69

Adjusted composition for volume decrease

4.66 0.28 6.80 0.40 3.15 0.43 .51
2126 Jarosite settled from )

solution (8 hours), 47 1it, 5.8 0.39 8.58 0.52 39 0.55 1.79
Adjusted comp.sition for volume decrease
4.55 0.30 6.72 0.4) 3.06 0.43 1.40

Cu SX (0 v/o LIX 622) , 90 Mit.

227 Soiution diluted, pH = 2.01 3.89 0.33 5.80 0.36 3.15 0.44 1.01

2129 Ra:‘ﬂnati.ag)hours 0.38 0.31 5.6 0.35 3.06 0.42 0.9%
pt = 1.

2130 Strip, 2 hours 6.80 0.01 9.01 0.0 . L. D L. .06

2132 Strip, 3.5 hours 1.87 0.01 <0.0 <0.08 <p. L. <D, L. 0.02

2132 Raffinate, 5 hours 1.18 J.32 5.72 0.35 3.14 0.44 0.99

(pH = 1.40)
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TABLE 8.126. CONTIRUED

Sample No. Condition Concentration (gp})
Cu 7e W _Cr M cd Al
134 Strip, 5 hours 37.46 '0.00 o.n 0.04 <D.t. <D.L. <.L.
%lqz F|na¥ Raffinate, 6 hrs. .34 0.30 3.42 0.3 3.07 0.42 0.93
2144 Final Composite Raffinate 0.78 0.3 5.58 0.34 3.20 0.4 0.9%
243 Final Composite Strip 42.31 0.05 0.14 0.04 0.0 <D.L. <D.L.
Recycled 12144) through
systen % 0.3 3.08 0.4 092
2145 Fwnal waffinate, 6 hrs, 75 1;0.109  0.29 5. . . . .
2146 Fina) Composite Raffinate 0.116 0.29 0.33 0.3 3.13 0.4 3.23
2147 Final lomposite Strip, 6 --= . <D.L. <D.tL. 0.02 0.01 <.t. <£.L.
hrs. {(new acid at start)
In SX (40 v/o DEHPA) , 50 )iters
an Starting Solution, pH 0.09 0.29 5.89 0.3 2.56 0.32 1.22
adjusted to 2.0 -
218 Raffinate after Second 0.09 0.06 n 0.35 2.56 0.34 0.86
Contact, 1 hr.
2179 Raffinate after Fourth .20 0.02 0.15 0.34 2.44 0.22 0.53
Contact, 1 hr. -_— ‘
2181 Final Composite Raffinate 0.G3 0.0 0.13 0.37 2.54 0.24 0.49 S04°
21808 Final Composite Strip <0.01 9. L. 21.85 0.02 0.05 0.04 0.34 199.6

In SX (40 v/o DEHPA)

Same system set-up and
soluticns as above but a
different leach solution
(2092) used.
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TABLE B8.126. CONTINUED

Sample No.

— —

Condition
Ly
24 Starting Solution pH o.M
Adjusted to 3.0
2283 Raffinate After Second 0.1
Contact, Start
2244 Raffinate After Fourth 0.02
Contact, Start
2245 Strip, Start 0.02
2246 Raffinate After Second o.n
Contact, 1 hr.
2247 Raffinate Aiter Fourth 0.10
Contact, | br.
2248 Strip, 1 hr. 0.02
2250 Raffinate After Second o.n
Contact, 2 hrs.
2251 Raffinate After Fourth 0.10
Contact, 2 hrs.
2252 Strip, 2 hrs om
2253 Raffinate After Second 0.1
Contact, 3 hrs.
2254 Raffinate After Fourth o.n
Contact, 3 hrs.
2255 Strip, 3 hrs. 0.04
2256 Final Raffinate, 6 hrs.: Q.10
90 liters
Chromium Slurry Oxidation
‘En maintained
21813 30 liters of solution 0.08
(Before {pil = 1.3, Eh = 380 av)

pH adjust)

218) doped with 42 gp)

0.58
0.39
0.02

<.L.
0.39

<0.01
0.40

<0 L.
03

0.20

<D.L.
0.4

0.01

(Concentration {(gpl)

In Cr " cd Al
499 026 2.69 027 0.8l
048 0.22 cJ2 037 0.58
0.05 ©0.35 2.68 028 0.3

2559 0.00 004 0.1 0.0
T3 0% 2N 035 0.5
004 0.28 272 027 0.}
34.43 002 006 0.5 0.6
025 028 2.9 037 0.42
004 025 274 022 0.2
38.99 002 0.05 0.16 0.7
VA 0.6 - 2.8) 0.36  0.46
0.05 0.26 283 0.9 0.2
42.83 000 007 0.9 0.9
U6 031 228 030 0.3
0.13 169 2.5¢ 0.24 0.4
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TABLE 8.126. CONTINUED

Sample No.

240

an

Concentration (gpl)

Condition

G _e I Cr . _M_ _Cd

Cr*tt golution then
raised in pil to 5, En
to >1000 mv with C1,,
pH maintained >4 ans
Eh near 1000

Starting Solution adjusted «<p.L. 0.001
to pll = 5, filtered
aqueous sample (most
of chromiun in solids)

One Hour Sample, exposed  0.04 0.01 0.08 1.15 2.4 0.25
only perfodically to
Cly, Eh maintained at dized)
1050 mv and pll >4,
filtered aqueous sample
(tioe to 2 hrs. showed
no {mprovenent in or
oxidation)

Chromium Slur[z Oxidation

3.5 lters of above
oxidized slurry reoxidized
:{ constant exposure to

2

Starting Slurry, filtered, 0.02 <D.L. 0.08
8queous sample analyzed

<D.L. 0.2 .75 0.23

224 0.2

A

<D.L.

0.02

<D.L.
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TAOLE A,126. CONTINUED

Sample Mo. Condition
Lo _fe
2372 Thirty minute exposure 0.05 .01
to Clz. filtered sample
2373 One hour exposure to 0.06 0.01
to Cl12, filtered
sample .
2347 One and one-half hour 0.07 9.0}

exposure to €l2,
filtered sample, most
solids 1n solution,
final filtrate

Chromium Precipitation

Lcad sulfate (2x stoichio-

eetric requirement) added

to solution 2374 to precipi-

tate PbCr0,, pH maintained at 4, 10 Yiters

2315 Thirty minute exposure 0.0?7 <D.L.

2376 Final Filtrate 0.06 <0.01

15 Viters of solution 2340 {only 42 % oxidized) exposed to lead su’ fate without

reoxidizing.

Coacentration {gp1)

I o M cd Al
0.09 1.3 2.3 0.8 0.0l
0.0 159 249 0.28 0.0
€1° 50,

0.0 165 231 0.24  0.01 6.5 353

(>95% cxi-

dized)
0.1 0008 211 0.22 <.00
0.10 0.008 203 021 .00
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TABLE 8.126. CONVINUED

2348 Starting Aqueous Solution; 0.02 <« D.L. 0.08 0.73 2.3 0.28 <« D.L.
pH adjusted to 4.0 -

2349 One-half hr exposure 0.02 < 0.00% 0.08 0.56 2.3 0.28 <0.001

2352 One hr exposure 0.02 < o.t. 0.08 0.1 2. 0.28 « D.l1.

2364 Lead Chromate-Lead Sulfate < O0.L. < D.L. <D.L. 7.5 0.008 0.04 < D.L.

Residue washed, dried,
redissolved in 10 v/0 acid;
46.4 g leached in 100cc solution.

Nickel Precipitation

llazs adced as a solution over a period of 20-30 minutes, watintaining pH = 5; approximately
stoichiometric amount of Nazs added to 10 Mters

2367 Starting Solution{2352 not 0.02 <« 0.0 0.07 0.16 .27 0.26 <« D.L,

2378 Final Filtrate

2376) ; Initial ph = 3.7

- <DL, <DLl. <0O.L. 0.04 0.07 < D.L. « D.L.
{C1- = 2.61 gpl, 504 = 28.23 gpl) -

NOTE:

‘Barrel | sludge composition (34.40% solids, 65.6% nzo): 1.8 Cu; 18.3 Fe; 11.5 In; V.2 i:r; 5.5 Ni; 2.8 A}

*Standard leach on 35.58 pounds of sludge {55°C); final volume 29.6 liters of 20 gp) Fe; dilutid to
§7.6 liters, pH = 1.9,

Conditicns changed to precipitate potassium jarosite; temperature adjusted to 900C; pH to 2.45;
1 gn Kzso‘lgm fe, 6 hours.

sJarosite solution set 8 hours (overnight) then solution decanted off; residue diluted then filtered
in filter press.
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TABLE 8.126 CONTINUED

+Jarosite solution diluted to decrease In content to design range; total volume approximately 90 liters.

*Cu SX: LIX 622 (10 v/o); 2 stages of extraction (O/A = 1); 2 stages of strip (150 gpl HESOQ (0/7A =1),
flow rate 250 cc/min., tnitialpi s 2.0, final raffinate pH = 1.3, temperature 30-40°C. Contacts
performed in | gal. mixer-1 gal. settler systen.

+2n SX: DEHPA (40 v/0); 4 stages of extractisn (0/A = 1); pH adjusted after first two contacts back
to pit = 2; 3 stages of strip (200 gpl H2S03, O/A = 1); temperature 30-40°C; initia) pH = 2.0,
finsl raffinate pH » 1.3.

+In SX: DOLHPA (40%) test repecated at inivial pH = 3; r2a3djusted pH sfter second contact to
pH » 2. Aqueous solutfon froa previo'c test ‘90 liters) used. Otherwise, conditions same as
sbove.

+Cr oxidation by Eh control tried on 30 Viters of solution. Results required reoxidation, 10 liters.
of slurry reoxidized in flowing C12 (0.2 V/ain.) while pH maintained greater than 4.

+PbS04 used as precipitating agent for chromium removal as PbCr03. PbCrOg can be redissolved to form
chromic actd and lead sulfate regenerated for reuse. Very effective precipitant and easily filtered.

«Na2$ used as nickel precipitant. Very rapid precipitation dut pH must be maintained near 5; {f lower
H2S odor results, 1f nuch higher then nickel precipitotes as Ni(OH),.
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Elements Present: Si, Fe, K, Cr, Ni, Cu, Zn, S, P.

Figure 8.26. Sequential test series three crud: qualitative analysis.
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8.13.5. Sequential Test: Series Five (111 pound test)

Purpose of lest: targe Scale lTeach to carry out all unit operations.
Results : Table 8.127, Sequential Test: Series Five
Table 8.123, Sequential Test: Non Recoverable tlements
Table 8.128, Reagent Consumotion for the Treatment of
50.6 kg (111 pounds) of Metal Finishing
Hydroxide Sludge
Table 8.129, Acid Leach of Residuye - Jarosite Solids:
Sequential Series Five
Table 8.130, Toxicity Test Applied to Releached Jarosite
Product from Sequential Test Five

Comments ¢ The entire sequence of operations went well:

The large leach system easily handles 100 pounds of
sludge material. The solid-liquid ratio can be varied
to produce a solution that ccntains between 10-15 gpl
Fe. This iron level 1s required for production of an
easily filterable jarosite-residue mixtuyre.

The jarosite in-situ precipitation produces a solid that
settle: rapidiy. Therefore, most of the solution can be’
decanted from the so.ids. The slurry remaining can be
convenfently handled in the LASTA filter press. Irun
content can be decreased in the mixed metal solution to
0.5-1.0 gpl. This level is appropriate and can be
removed during IZn SX. The exit pH frum jarosite
treatment is at a convenient level for Cu SX.

The sequential five test showed high copper l0ss to the
residue-jarosite solids because of two reasons; the pH
of the leach was high so copper leached into solution
was lower than usua: and the pH of the jarosite
precipitation was also higher than normal: ~2.9 which
meant that some copper was precipitated. A leach of the
residue-jarosite solids showed recovery of 75% of the
copper; Tadle 8.129.

Copper solent extraction in the Peister System operates
well. Interfaces are controllable and very little crud
forms. That which does form can be siphoned oft.
Copper contents can be handled up to at least 10 gpl.
Fifteen to twenty-seven liters/hr. can be treated.

437
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TABLE 8.127. SEQUENTIAL TESTS: SERIES FIVE (111.6 POUND TEST)

Sample No. Condition Concentration (gpl)
Cu fFe In (r N €d A
2492 Standard Leach (Barre) 18) 3.26 9.73 5.27 392 121 C.08 V.74
ers

Jarosite Precipitation
2493 One hr exposure, 211 14¢. 2.29 2.42 5.29 329 1.2 0.08 1.52
2494 Seven hr exposure, 200 1it. 3.05 .z 5.58 3.08 1.67  o.n 1.30
Final pH = 1,91 .

Cu SX (15 v/o LIX 622)

249%% Starting Solution, Initial 3.05 0.57 5.58 3.08 1.67 0.1 1.30
pH = 1.91, 160 ifters.
2496 Raffinate, 2 hrs 0.0} 0.55 6.4 1.03 1.63 0.10 1.27

2493 ::na} Cor.mo?ge Raffinate OU3 0.52 6.47 295 1.68 0.10 1.25
nal pH = 1.

25008 Final Strip 23.17  <D.L. 0.06 0.08 0.04 < D.L. < D.L.
2n SX (40 v/o DEHPA)

2525 Starting Solution, pil = 2. 0.04 0.27 6.20 2.79 .77 0.4 1.20

2526A Raff. after stage 2, 0.0 016 U7 2.72 W72, 0.17 - 0.40
Initial pH = 2; 160 liters. - ’

2524 Raff, after stage 4, 0.02 0.0? 0.08 2.57 2.22 0.13 0.52
Initial plt = 2.5

25268 Composite Raff. (Final 0,04 13 07 2.55 1.78 0.13 0.38
pH = 1.3; C1™ = 1,36 gpl; 504 -dbagpli

2527 Final Strip Acid = <D.t. 67,35 0.32 0.26 0.06 8B.27 :

(C1° = 0.68 gpl; 50, = 90.3 gpl)
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‘TARLE 8.127. CONTINUED

Sample No. Condition Composition (gpl)
Cu Fe_ 20 Cr N{ Cd Al

Chroniun Slurry Oxidation

2564 Starting Solution, 75 1it., 0.04 0.22 0.07 2.67 .75 0.1 0.39
€h = 350 av, pi = 1,30

2574 Two hr exposure to chlorine,0.03 0.08 0.05 1.70 1.4 0.09 019
Eh = 688 ov, pHi = 4.38 (5275 of the

chromiua oxid.)

2580 Two a2nd one-half hr expos- 0.03 0.12 0.06 2.02 1.58 0.10  0.26
use; Eh = 1005 av, pH = 4.2 {66-8T oxid.)

2589 Four hr exposure; Eh s 0.02 oL, 0.05 2.25 1.76 0.1} 0.03
1138 mv, ph = 4.0 (82.5C uxid.)

2592 Five hr exposure, £h = 0.03 D.L. 0.06 2.28 1.68 0.1 0.08
1132 av, pH = 4.2 (Ch™= 12.6 gpl; SO0z" = 33.9) (83.6Y oxrd.)

2638 Leach of solids fron 0.004 ;.Zl <D.L. 0.57 0.11 <D.L. 0.80
oxidation; 4.98 g in
100rc of 10 v/¢ Ilzso4
Chromiun Precipitation
Lead sulfate added to 42 liters of 2592 solution

2600 Starting Solution, 42 0.03 0.03 0.06 2.)4 1.52 0.10 0.16
Hters, pil = 4.2 -

2601 Solutfon pH edjusted to 4.7; 0.03 _<D.L. 0.06 0.80 1.60 0.0 0.09
approx. 1% stofchioceiric lead sulfate -
added (553 g),exposure 5 min.

2602 Thirty oin. exposure, 2X 0.03 «D.L. 0.07 0.007 1.62 0.10 0.4
PbSO,; €h = 1060 mv; pH = 3.8

2603 Forty min. exposure, Eh = 0.03 <O.L. 0.06 0.007 1.59 0.} 0.4

1031 wv, pHl = 4.5; (C1°= 6.8 gpl; SO"

=21.0)
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TAJLE 8.127. CONTINUED

Sample No, Condition Concentration (gpl)
Cu Fe In Cr Ni Cd Al

Lead Sulfate-l ead Chromate Releach

2640 Leach of solids, 509 <D.L. 0,15 <D.L. 30.M7 <D.L. 0.00 0.23
solids in 103cc 20 v/o “2504
2641 Hash of solids from <D, 0.07 «<0.L, 527 <D.L. <D.L. 0.10

2640 (154 cc)
2643 Wash of solids from <D.L. 0.002 <0.L. 0.47 «<D.L. <D.tL. <D.L.
2640 (458 cc)

NiS Precipitation

Nazs added (2X stoichfometric addition as solution, 325 gpl) to solution slowly over
45 minute period, pH maintained between 4-S.

2605 Starting Solution 2603 0.048 <D.L. 0.06 0.0) 1.67 0.10 0.10
2606 Ten min. exposure <D.L. - . . T.53 «<D.L. .
2607 Twenty min. exposure - . . 0.007 U2 .
2609 Forty-five min. exposure, - . . 0.005 U.OTS

Nap$ addition ccaplete. -
2610 Sixty min. exposure . . . 0.004 0.006 . -

lon Exchange of Final Solution

2644 HiS filtrate, feed to <0,001 0.20 «<D.L. 0.002 <« O.L. <D.L. <O.L.
column; IRA-ZQO. 150 cc - 0.001 *  <0.00) v . ®

2645 IX of 2644 (¥ forn)

2646 1X of 2644 (Na forn) . 0.034 «<D.L. 0.003 0.002 . .

Notes: . Sludge barrel 8. Cocpositdon (%): 5.86 Cu, 172.71 Fe, 8.31 In, 6.09 Cr, 2.27 Ni,
0.09 Td, 2.79 Al, 0.50 Ca; 26.3 % solids.
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TABLE 8.127. CONTINUED

Leach
Sludge leached to produce an iron content of approximately 10 gpl, standard conditions.

. Jarosite

Standard conditions: 88-920C, pH = 2.2-2.7, ) g K,S0,/9 Fe, 7 hours.
Solution slurry set overnight then solution decantéd off, residue diluted then filtered
in filter press. Solids subjected to EP test.

Cu SX

[TX 822 (1S v/o0); 2 stages of extraction, 0/A = 1; 2 stages of strip, 150 gp) M so‘;
0/A = 1; tenperature 40 - S00C; flowrate 250 cc/min esch phase; tnitfa) phie 1.3;
contarts performed in Reister system.

In SX
DEWPA (40 v/o); 4 stages of extraction, O/A = 1; pM adjusted after first two -ontacts

to 2.5; 3 stages of strip, 200 gpl lIzSO‘. O/A = 1, teaperature 30-40°C; initial
pH = 2.0; final raffinate ph = 1.3.

Chromiun Slurry Oxidation

pll maintained between 4-5; chlorine sparged into vessel at 5 liters/win; Eh >1000mv;
system agitated to suspend solids in solytion. Degree of chromium oxidation deter-
mined by filtering sample, exposing solution to IRA 900 anionic exchange resin to
remove oxidized chronfum species; degree of oxidation calculated by difference.

. Chremium Precipitation
Tead sulfate {=2X stofchiometric requirement) added to agitatad solution. PHo 4

maintained. Lead chromate solids filtercd easily.

HiS Precipitation
Sodiunm suhlﬂi solution (325 gpl) added slowly to solution over a period of 45 min.;
Solution agitated to suspent particles; pll = 4-5, No odor problen.

lon_Exchange
Most of the final solution can be recycled as make-up water.



TADLE 8.128. PREAGENT CONSUMPTION REQUIRED FOR THE TREATMENT OF 50.6
KG (111.6 POUNDS) OF METAL FINISHING HYDROXIDE SLUDGE

Unit ration Rearent Amount
Leach stc‘ 13.3 Kg {Concentrated acid)
nzo 12 Viters now water
156 liters recycle water
Jarosite Precipitation KOH 10 Yiters (500 gpl)
H0, 2.5 liters (30 v/o0)
Filter Press uzo 14 1iters
Solvent Extraction
Copper LIX 622 1.2 1iters (one time addition)
KERMAC 4708 6.8 liters * ° .
sto‘ 8 liters (Recycle acid
150 gp?)
-Zinc ozsm 10.8 1iters (one time additfon)
KERMAC 4708 16.2 Yiters ( = * .
HZSO‘ 11 1iters (Recycle acic,
200 gp1
HOY 4 liters (4N)
Chromiur Oxidation
Chlorine NaOH 8 1iters (500 gpt)
Clz Not established
Electrochemical H,50, Regenerates acid
Chromfun Precipitation NaOH 1 Viter (400 gpl)
pbso‘ 4.2 Kg (one time addition)
Nicke! Precipitation Na,$§ 6 Viters (325 gpl)
sto‘ 1 liter (200 gpl)
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TABLE 8.129. ACIO LEACH OF RESIDUE-JAROSITE SOLIDS: SEQUENTIAL SERIES FIVE, VARIABLE PH

Sanple No. __ Condition Recovery From Solids(3)

Fe Cu n cr N cd Al
2698 Inftial pH = 0.5 NS5 750 66.7 18.8 100.0 «<O.L. 13.3
2701 Inftial pH = 1.5 5.9 25.0 33.3 1.2 0.0 «<D.L. 2.0
2702 Inftial pH = 2.5 0.2 21 0.0 0.3 0.0 «<D.L. 0.0

Notes: . 10 grams solid slurried in 100 cc solution, pll adjusted to desired value; anbient
temperature, 18 hours.

. ?ogi:'startlng composition (%): 19.8 fe, 2.8 Cu, 0.29 Zn, 3.2 Cr, 0.04 Ni, 0.0 Cd,

TABLE 8.130. TOXICITY TEST APPLIED TO RELEACHED JAROSITE PRODUCT FROM SEQUENTIAL TEST FIVE

Sample No. __Condition Concentration {mqg/liter)
fe Cu In Cr Ni Pb Al
2 Test One, pH = 3.24 5.73 4.23 1.94 0.55 0.7 <D.L. 1.68
2Nn2 Tast Two, pH = 3.23 5.10 4.17 1.99 0.54 0.3 . 1.68
N3 Test Three, pH = 3.34 4.19 13.89 9.01 0.46 0.42 . 1.27
Notes: . Test pe-formcd according to EPA designated EP Toxicity test{27)_ gpa desfignated concent-

ration of contaminants for characteristic toxicity (mg/1): 1.0 Cd, 5.0 Cr, 5.0 Pb.



linc solvent extraction in the Reister system using pH
adjustment after two contacts works well. Interfaces
are stable and controllable at 250 cc/min. (propbably
also to 450 cc/min.) Crud is not a problem. Gypsum
forms in the strip cell but car bLe filtered and not
retyrned to the extraction circu:t (this 1s a bleed for
Ca™" from the system). Iron 1s co-extracted with' zinc.
Zinc can be stripped by H,S0,, iron is not stripped. A
bleed stream can be taken trom the organic and treated
with HCl to strip the iron. The resulting D,EHPA can
then be recycled to the zinc extraction circQit.
Aluminum is co-extracted and provides a means to
partially remove it from the system. A part of the
aluminum is stripped into the H2504. a part into the
HCl.

Chromium oxidation is a slow process. Better C}

contact would accelerate this process. Electroogidation
may be an appropriate substitute. Slurry oxidation
produces a small amount of solids, grimarily Cr(OH)..
This solid can be recycled to the initial leach sysaem.

Chromium can be effectively stripped from the solution
after oxidation by use of recycled PbSO4. The solid
formed 1s easily filtered or settled from solution. The
lead chromate can be releacred to produce a concentrated
chromic acid solution. The rate of precipitation is
rapid, therefore, a small reactor can be used.

*Nickel can be stripped from the final soiution by use of

a Na,S solution. The final sulfide treatment also helps
to sngp residual cations from solution.

The solution after nickel removal can almost entirely be
recycled to the leach-jarosite steps as make-up water.
The sulfide precipitation is rapid. Therefore, a small
reactor can be used.

8.14. TEST ASSEMBLY EQUIPMENT

8.14.1. Unit Operation Equipment

A list of the equipment in the test ascembly is presented in Table 8.131.
The equipment list is organized according to the unit operations specified in

flowsheet Figure 6.1.
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8.14.2.. Pictorial Presentation of Test Assembly Equipment

A series of photographs of the test assembly equipment is presented n
Figures 8.27-31. Included are: the leach-jarosite system (Figure 8.27);
filter press (Figure 8.28); small-scale SX testrack (Figure 8.29); Reister
Solvent Extraction Testrack (Figure 3.30); and the chlorine oxidation and
extraction system (Figure 8.31).

TABLE 8.131. TEST ASSEMBLY EQUIPMENT

Leach-Jarosite Precipication

‘Polypropylene vessel: 270 liter capacity; insulated with one-half
inch fiberfax; contained within 2n epoxy coated steel liner vessel;
mounted quartz immersion heaters, two 6,000 watt units, 240 volts;
tight fitting acrylic top.

‘One-half horsepower 1ir driven NETTCO variable speed agitator,
thirty-inch stainless steel impeller shaft, one-inch diameter; with
a single eight-inch three blade impelier.

*Industrial Cole-Parmer pH controller and high temperature chemical
resistant sensor model probe K-5660-00, K-5660-04.

*Associated solution pumps to supply reagents to vessel, such as
sul furic acid, hydragen peroxide, potassium sul fate solution,
potassium or sodium hydrexide.

*Two hundred liter polyethylene storage tank for decanting and
storing solution for copper SX.

Solid-Liquid Separation

*An Ingersoll-Rand LASTA 360 ISD Press{¥®). e Lasta Filter Press
is a horizontal filter press, and the 360 ISD model is the smallest
in the Lasta Press line. There are six primary components of the
360 ISD Press: the frame, filter plate, diaphragm plate, moveable
head, filter cloth, and hydraulic pump and cylinder.

1. Press Frame - The steel frame consists of front and rear
fixed heads and two side rails bolted to them. It is the
sructure which supports the plates, moveable head, and
cylinder.

~N
L ]

Filter Plate - The filter plate is a steel plate which
rides on the side rails. It has a concave face which, when
clamped against the diaphraym plate, forms half of the
filtering chamber. The concave face is ribbed with
vertical . hannels to provide a path for the filtrate to

drain.
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3. Diaphragm Plate - The diaphragm plate is a steel frame
around two rubber diaphragms. When clamped against the
filter plate, it forms the second half of the filtering
chamber. The rubber surface is ribbed symilarly to the
filter plate to allow the fiitrate to drain. When filled
with water under pressure, the rubber exgands, compressing
the solids in the chamber.

4. Moveable Head - The moveable head is attached to the
cylinder rod. It distributes tre force of the hydraulic
cylinder to create the clamping pressure on the plates.

S. Filter Cloth - The two panel filter cloth is a
polypropylene weave which is hung between the filter and
diaphragm plates. The slurry is pumped 1nto the press,
between the two panels. The weave of the cloth retains tne
solids and allows the filtrate to pass through to drain.

6. Hydraulic Pump and Cylinder - A double acting hydraulic
cylinder is mounted in the rear fixed head. The cylinder
rod extends and retracts to open, close, and clamp the
plates. 0il to drive the cylinder is provided by a hand
pump on top of the rear fixed head. The pump is equipped
with a valve to direct *he o0il to the rod or head end of
the cylinder. .

Solvent Eaxtraction

*Two Keister ten-cell solvent extraction testracks. Each cell has a
one-gallon mixing chamber and a one-gallon settling chamber. Each
mixing chamber is agitated with a one-seventh horsepcwer variable
speed motor. Solution flow is conrolled by the agitator speed and
its position over the solution inlet opening. Mixed solution
continuously overflows a weir into the settling chamber. Organic
phase separates to the top of the settling chamber and overflows a
weir t0 an organic chamber. The aqueous phase and organic phase
both flow continuously from the settling chamber.

*Associated solution pumps (flowrate adjustad to 500 cc/min.) to
supply the aqueous feed, loaded organic, and strip solution feed to
the SX chambers. Blue White C1760LP.

*Two hundred liter polyethylene storajge vessel for collecting the
raffinate from testrack; two required, one for raffinate from Cu SX
and one for raffinate from zinc SX.

‘ph controller (Cole-Parmer Model K-5660-00) for adjusting the
aqueous nhase ph from stage two of the four stage zinc SX set-up.

Copper Sulfate Crystallization

“Two liter reaction kettle with four-neck ground glass top and
closed stirrer system. System will treat one-fourth to one-half of
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strip solution exiting the copper SX system. Anticipated treatment
of ten percent bleed stream from strip solution; recycle of acid
from copper sulfate crystallization cell to strip circuit.

“Solution pump (flow adjustable to 250 cc/min.), Blue-White Model
C1760LP.

Copper Electrowinning

‘Lambda LES-F regulated power supply, 0-9 v, 0-100 amp.

‘Laboratory scale electrowinning cell, 13-inch by 6-inch by 8-inch
chamber. Twenty-one electrode slots for 6.75-inch by 5.25-inch

_electrodes. Copper cathodes, lead anodes.2 System will treat strip
solution at a current density of 20 amp/ft® at 2.5 volts. Copper
content decreased by 5-10 gpl.

*Solutic~ pump Blue-White Model C1760LP.

Zinc Sulfate Crystallization

‘Two liter reaction kettle with four-neck ground glass top and
closed stirrer system. System will treat up to one-sixth of strip
solution exiting zinc solvent extraction syctem. Anticipated
treatment of of ten percent bleed streams from strip solution;
recycle of acid from zinc sulfate cyrstallization cel! to strip
circuit.

‘Solution pump; Blue-White Model C1760LP (to 250 cc/min.).

Chromium Oxidation

Chlorine Oxidation

“Two hundred liter nalgene tank with vented top cover.

*One-fourth horsepower direct drive 115 v agitator with
three-fourths inch diameter, 36-inch long epoxy coated shaft with
four-inch impeller.

*Sparger for chlorine gas dispersion in solution slurry.

°pH monitor, Orion 601A.

‘Solution pump for reagent addition, Blue-White Model Cl760LP.
*“Two 100 licter nalgene canks.

*Two one-fourth horsepower direct drive 115 v agitators with
three-fourths inch diameter, 36 inch long epoxy coated shaft with
four-inch impeller.

‘Chlorinator assembly.



‘pH controller. Cole Parmer Model .
*Chlorine tank.

Electrochenical Oxidation (This cell is not of sufficient size
to treat a day's proguction of solution).

‘Lambda LES-F regulated power supply, 0-9 v, 0-100 amp.

*Laboratory scale electrochemical cell, 13-inch by 6-inéh by 8-inch.
Two cation selective membrane dividers to separate anode chamber
from cathode chamber. Lead anode, copper cathode. Volume and
number of electrcde chambers variable. .

*Solution pump for anolyte recycle, Blue-White CL760LP.

‘Plexaglas anode chamber with nafion membrane sides. Larger
plexaglas cathode chamber.

*Circulation pumps, Masterflex double head, blue white catholyte
recycle pump (Cl760LP).

‘Lambda LES-F regulated power supply, 0-9 v, 0-100 amps.

*Electrodes, solid lead sheet and lead wool sandwiched between two
perforated lead sheets.

‘Storage reservoirs, two, 30 liter nalgene tanks.

Chromium Precipitation

*One hundred liter polyethylene reactor vessel.

*One-half horsepower air driven direct drive agitator for variable
speed control, 316 S.S. shaft, 36-inch length, 3/4-inch diameter
shaft, 4.5-inch impeller.

‘pH monitor, Orion 601A.

“Solution pumps for reagent addition and solution transfer,

Nickel Precipitation

*‘Two hundred liter nalgene tank.

*One-fourth horsepower, 110 v agitator, 316 S.S. One-inch diameter
shaft, 36-inch long, two 8-inch diameter impellers.

‘pH monitor, Orion 601A.
*Solution pump to provide reagent addition, Blue-White C1760LP.

*Solution pump for recycle to leach solution as make-up water,
Cole-Parmer.

448



WO e

T

Bkt up :‘vg;‘qu

Figure 8.27.

Leach-jarosite test system.
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Figure 8.28. LASTA filter press.
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Figure 8.29. Small scale continuous solvent extraction system.
(Bell Engineering 600 cc system)
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Figure 8.30. Reister one gallon mixer-settler continuous solvent
extraction system.
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Reister one galion mixer-s.ttler continuous solvent
extraction system.

Figure 8.30.
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Figure 8.31. Chromium oxidation by chlorine sparging.
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Figure 8.32. Chromium oxidation by chlorinator system.
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Figure 8.33. Electrochemical oxidation of chromium.
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Figure 8.34. Lead chromat: precipitation.
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8.15. DETAILS OF ECONOMIC ANHALYSIS

An eccnomic analysis was presented in Section 6.4 for a 50 ton per day
facility. The mass flows, equipment lists, factored capital cost data sheets,
and operation cost estimates are presented in this section.

8.15.1. Leach-Jarosite Precipitation Filter

The equipment 1ist is presented in Table 8.133 and the factored capital
cost (FCC) is presented in Table 8.134. The operations cost is presented in
Table B8.132. The total operation annual cost for this series of unit
operations is $343,000; 8.4 cents/1b. of jarosite plus leach residue.

8.15.2. Jarosite Ponding

The jarosite ponding cost is estimated from recent cost data on a state of
the art mineral prqcessing tailings pond. The result is presented in Table
8.135; the factored capital cost is $390,500, che FCAC is $108,200 and the
operations cost is $25,400. The total annual cost is $133,600; the cost per
pound is included with the cost for leaching and jarosite precipitation, i.e.,
8.4 cents/1b.

8.15.3. Copper Solvent Extraction Electrowinning

Copper solvent extraction costs are estimated frem data presented by
Hood(so). The eyuipment (FCC and FCAC are presented in Table 8.136. The
operation cost was present.d previously in Table 8.131. The total annual cost
for this series of unit operations is $299,000; 80.2 cents/1b. of copper
produced. This cost is approximately the same cosi as the operating cost
incurred by a current copper smelter (operatirng cost only, not including any
capital cost). The estimated cost is greater than the current value of the
copper product.

8.15.4. Zinc-Iron Solvent Extraction, Zinc Sulfate Crystallization

Zinc and iron solvent extraction are estimated from data presented by
Hood(so). The equipment cost and factored capital cost are presented in Table
458



TABLE 8.132. OPERATING COST SUMMARY

Leach-Jarosite Precipitation-Filter

COST{S/Yr)
1. Reagents
Acid: 1030 gal/d 11,000
KOH: 446 gal/d 47,200

Steam: available

2. Labor
$375/week (Oct. 9, 1984 Wall Street lJournal average
weekly pay) plus 30% berefits: 325350/man

2 persons/shift; 3 shifts 152,100
3. Maintenance

6% of Factored Capital Annual Cost (FCAC) 7,200
4. Power

5% of FCAC 6,000

TOTAL 223,500

Jarosite Storage

1. Labor
1 person, 1 shift . 25,350
Copper Solvent Extracticn
1. Reagents
Lix 622: 150 gal $6,840
KERMAC 4708 920
Acid, 330gal @ 180gpl HZSO4 15
Total 7,775 (One time cost, included
under capital cost!)
Organic loss: 13 mg/1 9,200
2. Labor
2 persons/shift, 3 shifts 152,100
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TABLE 8.132  CONTINUED

Chromium Oxidation, Precipitation, and Recovery

1. Reagents
Acid: 60ppd-HZSO4

NaOH: 0.7 tpd
PbSO4: 2.52 tons (Start up only)

2. Labor
3 persons/shift; 3 shifts

3. Maintenance
6% FCAC

4. Power
5% FCAC )
Electrooxidation, 3755 kwhr/tonne

TOTAL

Nickel Sulfide Recovery

1. Reagents '
Caustic: 29ppd

Phosphate: 7300 pounds (One time cost, 3200)

NaZS: 0.51 tpd
. HZSO4: 35ppd

2. Labor
2 persons/shift; 3 shifts

3.Maintenance
5% FCAC

4. Power.
5% FCAC

TOTAL:

460

600
69,300

$4,300 (Inciuded
in capital)

228,200
30,200

54,200
25,200

407,700

\

1,400

69,000
400

152,100
3,900
3,200

. 230,000



TABLE 8.132 CONTINUED

COST {S/¥Yr)

3. Maintenance

6% FCAC 5,200

4. Power
S%FCAC 4,300
Electrowinning, 2500 kwhr/tcnne Cu 35,100
TOTAL 205,900

Zinc and Iron Solvent Extraction

1. Reagents
DEHPA: 790 gal 616,850
KERMAC 510: 1190 gal 1,300
HC1: 700 pounds 450
HZSO4: 1290 pounds 100
Amberlite LA-2: 320 gal 8,000
26,700 (One time cost,
included in capital
. cost)
Organic loss: 13 mg/liter 4,100
Caustic: 0.057 t/d 5,600
2. Labor
3 persons/shift; 3 shifts 228,200
3. Maintenance
% of FCAC 9,700
4. Power
5% FCAC 8,100
25% FCAC for crystallizer power 14,000
TOTAL 269,700
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TARLE 8.133.

LEACH-JAROSITE PRECIPITATION-FILTER EQUIPMENT LIST

1.
2.
3.

Feed System

Vibratory feeder; C = 965(20 £t2)0-5%9;
2 tph, 1 each.

Recycle solutioi. feeder; C = 156(30gpm)
rubber lined, 30 gpm, 1 each0 625

Acid Cup feeder; C = 1385(lcup) " “":
stainless steel, 0.7 apm, 1 each.

0.38,

Leach System

. Leach tanks; C = 27.5(104Ogal)°'629:

ss, 1040 gal, with agitator, 2 each.

Jarosite Precipitation

COST($6M85=500)

. Precipitation tanks; C = 27.5(4160)0'629:

$$,4160 gal, with agitator, 3 each

. Thickener mechanism; C = 1130{g 3 ft)0-965

and Tank; C = 7.13{1800)
$5,1800 gal, } each.

Filteriny System

. Drum filger; C = 8235(i9 ftz)0.292:

19 ft© filtration area, 2 =ach.

. Repulp tank; C= 27.5(100)0.649:

ss, 100 gal, with agitator.

. Storage tank; C = 0.897(45,000 ga1)0-897;

fiberglass, 45,000 gal, 1 each.

TOTAL (M&S = 500}
TOTAL (M&S = 794)

5150
570
1380

4330

15590

9240

38900
500

13400

89,100
141,500
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TABLE 8.133. FACTORED CAPITAL COS™ FOR LEACH-JAROSITE PRECIPITATION-
FILTER SYSTEM.
Cost (S, M2S = 794)

1. Purchased Equipment Costs 141,500
2. Installed Equipment Costs (1.40 X Item ') 198,100
3. Process Piping (30% of 2) 59,400
4. Instrumentation (10% of 2) 19,800
5. Auxiliaries (5% of 2) 9,900
6. Outside Lines (5% of 2) 9,900
7. Total Physical Plant Costs (Sum of 2 through 6) 297,100
8. Engineering and Construction (20% of 7) 59,400
9. Contingencies (153 of 7) 44,600
10. Size Factor (Small Commercial, 10% of 7) _29,700
11. TOTAL PLANT FIXED CAPITAL COS?S 430,800
(1} Format from Mineral Procassing Equipment Cost

and Preliminary Capital Cost Estimations”, E.A.
Parkinson and A. L. Mular, Canadian Institute
Mining and ietallurgy, V. 18, 1978.

YEARLY COST, Based on 60 Month Pay-Off $ 119,500
Period, 12% Interest

YEARLY OPERATING COST $ 223,500

TOTAL YEARLY COST $ 343,000
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TABLE 8.135. JAROSITE PONDING EQUIPMENT LIST

The cost for jarosite ponding storage is estimated by determining
the necessary pond capacity. Assumptions include: land is available,
pond capacity great enough for ten year storage, controllable access
only. The cosu is estimated by ratioing the capacity of a known
recent tailings pond as descriped by Jones (52 ); i.e., 36x10°(1980
cost) for a capacity cf 7.3x10° cubic meters; includes pumping, pH
contral, instrumentation, and monitoring.

The storage capacity needed for present estimate is 50,900 M3,
0.6
Cost = 6x10° [ 50,900/7.3x108 | [ 794/620)
[
= $390,500.

This cost is estimated to be the current factored capital
cost. The annualized cost is $108,200.
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TASLE 8.136. COPPER SOLVENT EXTRACTION-ELECTROWINNING EQUIPMENT LIST
AND FACTORED CAPITAL COST

The capital cost tor the solvent extraction system is estimated
from fabricated equipment cost for solvent extractors presented by
Woods(50 ):

Data: Mixer-settlers

Size Size Range Cost(S) Exponent M&S
1.5 1it/s 1.5-10 \ht/s 7,00C 0.4 600

(Includes: installed mixer-settler, including explosion
proof motors, drives, and within module piping,concrete,
steel, instruments, electrical, insulation and paint,
and necessary labor.)

Factors for Materials

2.00 for 316 stainless steel
1.4 for rubber lined
2.0 for tankage and crud removal system

The capital cost for the present system is:

Cost = $7,000 [1it/s.present/lit/s.woods:]°'4 (M&S,now/M&S, then)x
(No. of cells)(2.0 stainless steel)(2.0 for tankage)
Cost = S7.000[|.86/l.5]°'4 (794/600)(2)(2}(5) = $201,900

The capital cost for the electrowinning system is estimated from
fabricated equipment cost presented by Woods (50 ):

Data: Size Size Range Cost($) Exponent  M&S

10'%/y  2-60x10%/y 5x10° 1.0 600
(Includes: cells, transformers, rectifiers, and electrical
distribution)

The capital cost for the present system is:

6 8, ..1010
Cost =[5x105]0.69x108/1x10'0 1 (794/600) = $134,200

The total factored capital cost is, therefore, $336,100
The FCAC is 93,100
The yearly operating cost is 205,900
The total yearly annualized cost is $293,000
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8.137. The total amount of operations cost for this series of unit operations
is $453,000; 43.0 cents/1b. of zinc sulfate produced. This estimated cost is
greater than the current value of the zinc sulfate product.

8.15.5. Chromium Oxidation, Precipitation and Chromic Acid Recovery

The equipment list is presented in Table 8.138 and the factored capital
cost is presented in Table 8.139. The total annual operations cost for this
series of unit operations is $911,300; 119.6 cents/1b. A r~otentially lower
cost oxidation process is discussed in Section 6.4.

8.15.6. Nickel Recovery

The equipment list is presented in Table 8.140 and the factored capital
cost is presented in Table 8.141. The total annual operations cost for this
series of unit operations is $294,200; 49.9 cents/1b. Other alternate products
were considered and discussed in Sections 6.4 and 8.15.7.

8.15.7. Alternates
8.15.7.1. 502-02 Chromium Oxidation, Nickel Oxide Production

The oxidation of chromium by chlorine or by electrochemical meaas is the
most expensive unit operation in the sludge treatment flowsheet. If the cost
of this unit operation could be decreased then the overall ROI would be
increased. The substitution of an SOZ-O2 oxidation system may prove ta be a
much cheaper means of oxidizing chromium. This substitution has been discussed
in Section 6.4. The data for the substitution is presented in Tables 8.142,
8.143, and 8.144. The results on the overall ROl were presented previously in

Tables 6.32a and 6.33a.

8.15.7.2. Copper Cementation

Copper cementation as a substitute for copper solvent extraction-
electrowirning may be a more economical way to recover copper from a sludge
leach solution stream. Biswas and Davenport report that (based on Ranchers'
Exploration data) copper cementation by iron costs $0.35/kg copper less than
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TABLE 8.137. ZINC-IRON SOLVENT EXTRACTION EQUIPMENT LIST AND FACTORED
CAPITAL COST ESTIMATE ’

Cost data are not available for commercial zinc solvent extraction
facilities. The equipment required is, however, similar to that re-
quired for copper solvent extraction. The major difference is the
number of cells. Fo: copper sclvent extraction the orevious cost
was based on three stages of extraction, two stages of stripping. .
The zinc-iron solvent extraction is estimated based on the following
assumptions:

a. Solvent extraction of iron and zinc requires ten cells for

loading/stripping. The capital cost/cell {(based on copper SX)

is $201,900/5 = $40,400. Therefore, for iron and zinc the

FCC = $404,000.

b. Zinc sulfate crystallization is estimated: 990 gal per day
of strip solution contawning 140 gpl 21nc. A batch crystallizer
cost ( 57) 1is S19,000 @ an M&S of 270. Therefore, the
crystallizers present cost estimate is:

Cost = 19,000 [794/270 ] = $55,900, the FCC is $1972,700(factors
Table 6.29.)
¢. The hydrochloric acid strip solution generated per day is
330 gal containing 18 gpl iron. A small pilot size SX plant to
recover the HC1 would be required using Amberlite LA-2 ( 34),
The volume of soluticn to be treated is very small (330 gpd)
compared to the volume of treated leach solution ( 42,000gpd).
Two mixer-settlers would be required for extraction and two
for stripping. Thecost for four cells is estimated from Wood
to be:

Cost

7000 [o.oa lit./sec./1.5 lit./sec.] ° [794/600]

$9,300/cell. This includes mixer-settlers, explosion
proof motor, drive, piping, concrete, steel, instrurents, electrical,
insulation, paint. Total cost for four cells = $37,200.

d. The concentrated ferric chloride may be a marketable product
but neither a credit not a penality is taken for disposal.

The FCC total cost for solvent extraction, crystallization, and
stripping of hydrochloric acid from the DEHPA strip solution is
$634,900. A one time cost for reagents 1s included in the capital cost,
i.e., 26,700. Therefore, the total capital cost is $661,600. The

The FCAC is 183,300
The operation cost (Table 8.1%5f<.s 269,700
The total annualized cost 1s $453,000

y/
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TASLE 8.138. CHROMIUM OXIDATION, PRECIPITATION, AND RECOVEZRY SYSTEM.
EQUIPMENT LIST

COST(SEM&S=500)

1. Storage tank; C = 0.897(45,0009a1)°'897: 26,800
Fiberglass, 2 each.
2. Electrochemical oxidation cells
3000 gal, 15G0 amps, 15 units 480,000 Current
3. Precipitation vessels; C = 27.5(1040)0'629: 4,350
Stainless steel, 1040 gal, with agitator, 2 each.
4. Filter drum; C = 8235(19)0-2%2, 38,900
19 ft2 filtration area, 2 each.
5. Releach vessel
ss, 100 gal, with agitator, 1 each 1,000

TOTAL (excluding 2) 71,00C
TOTAL (M&S =794) 112,800
TOTAL {including 2) 592,800
TOTAL (including one

time cost of
lead sulfate} 597,100
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TABLE 8.139. FACTORED CAPITAL COST FOR CHROMIUM OXIDATION,

PRECIPITATION AND RECOVERY

b
.

-— -—
—t (& ]
. .

W 00 ~N~ O O & W N
h . . . N . . .

Purchased Equipment Costs

Installed Equipment Costs (1.40 X Item 1)
Process Piping (30% of 2)

Instrumentation (10% of 2)

Auxiliaries (5% of 2)

Qutside Lines (5% of 2)

Total Physical Plant Costs (Sum of 2 through 6)
Engineering and Construction (20% of 7)
Contingenzies (15% of 7)

Size Factor (Small Commercial, 10% of 7)
TOTAL: PLANT FIXED.CAPITAL COSTS

(1) Format from Mineral Processing Equipment Cost

and Preliminary Capital Cost Estimations", E. A.
Parkinson and A. L. Mular, Canadian Institute

Mining and Metallurgy, V. 18, 1976.

YEAPLY COST, Based on 60 Month Pay-Off
Period, 12% Interest

YEARLY OPERATING COST

TOTAL YEARLY COST

499

Cost (8, M&S = 794)

597,100
835,900
250,800

83,600
41,800
41,800

1,253,900
250,800
188,100
125,400

1,818,200




TASLE 3.140. NICKEL SULFIDE PRECIPITATION SYSTEM EQUIPMENT LIST

COST($eM&ES=500)

1. Precipitation vessels; ¢ = 27.5(1040)0-629. 4,400
Stainless steel, 1040 gal, with agitator, 2 each.
2. Filter drum; C = 8235(19)0-2%2. 38,500
19 ft filtration area, 2 each
3. Releach vessel;
ss, 100 gal, with agitator, 1 each 500
4, Precipitation vessel; C = 30.0(100)0'58: 500
Rubber 1ined stainless steel, 130 gal, with
agitator, pressure vessel, 1 each
TOTAL 45,900
TOTAL (M&S = 794) 72,900
TOTAL (including one
time cost for -
phosphate) 76,100
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TABLE 8.141. FACTORED CAPITAL COST FOR NICKEL RECOVERY

(1)

Purchased Equipment Costs

Installed Equipment Costif(i.40 X Item 1)
Process Piping (30% of 2)

Instrumentation (10% of 2)

Auxiliaries (5% of 2)

Outside Lines (5% of 2)

Total Physical Plant Costs (Sum of 2 through 6)
Engineering and Construction (20% of 7)
Contingencies (15% of 7)

Size Factor (Small Commercial, 10% of 7)

TOTAL PLANT FIXED CAPITAL COSTS
(Sum of 7 through 19)

Format from "Mineral Processing Equipnent Cost
and Freliminary Capital Cost Estimations", E. A.

Cost (S, M&S = 794)
76,100
106,500
32,000
10,600
5,300
5,300
159,700
31,900
24,000
_16,000
231,600

Parkinson and A. L. Mular, Canadian Institute Mining

and Metallurgy, V. 18, 1978.

YEARLY COST, Based on 60 Month Pay-Off
Period, 12% Interest
YEARLY OPERATING COST

TOTAL YEARLY COST
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TABLE %.142. INCO 502-02 OXIDATION EQUIPMENT LIST

COST(SeMES=500)

1. Oxidation cells; C = 472(400)°-°2; 50,700
Flotation agitation cells, covered and vented,
400 ft3, 3 eacn

2. Drum Filter; € = 8235(19)0-292, 19,500
19 ft2 filtration area, 1 each

3. Rotary kiln
Includes refractory lining capable of 12000C, firing
system, hot cyclone, water cooling, 6' diam., 8'
length, 30 tpd capacity {only need a 1 tpd capacity),
$140,000 @ MaS 545, Fully instrumented. 128,400

4. Covered high temperature discharge conveyor
18"x25', $8,000 @ M&S 300 13,300

&, Bag collector
Small gas flows, cost includes motor and drive,
$2,500 @ M&S 300 4,000

TOTAL 215,900

TOTAL (M&S = 794) 342,800
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TABLE 8.143. FACTORED CAPITAL COST FOR S02-0z CHROMIUM OXIDATION,
N10 PRODUCTION SYSTEM
Cost (S, M&S = 794

1. Purchased Eqdipment Costs 342,800
2. Installed Equipment Costs (1.40 X Item 1) 479,900
3. Process Piping (30% of 2) 144,000
4. Insctrumentation (10% of 2) 48,000
S. Auxiltiaries (5% of 2) 24,000
6. Outside Lines (5% of 2) 24,000
7. Total Physical Plant Costs (Sum of 2 through 6) 719,900
8. Engineering and Construction (20% of 7) 144,000
9. Contingencies (15% of 7) . 108,006
10. Size Facte~ (Small Commercial, 10% of 7) 72,000
11. TOTAL PLANT FIXED CAPITAL COST3 1,043,960

(1)

(Sum of 7 through 10)

format from "Mineral Prucessing Equipment Cost

and Preliminary Capital Cost Estimations", E. A.
Parkinson and A. L. Mular, Canadian Institute Mining
and Metallurgy, V. 18, 1978.

YEARLY COST, Based on 60 Month Pay-0ff $ 289,200
Period, 12% Interest

YEARLY OPERATING COST $ 484,600

TOTAL YEARLY COST $ 773,800



TABLE 8.144, SO2 - 02 OPERATING COST SUMMARY

Reagents
Caustic: 47.0 tpd
Liquid SOz:
Labor
2 persons/shift; 3 shifts
Maintenance
5% FCAC
Energy
8% FCAC 3
Fuel for kiln, $6/1000 ft

Electrical for kiln motors, 160 HP, 2 each,
0.08 $/kwh

TOTAL

COST(S/Yr)

14,100
103,400

152,100

17,400

14,500
31,800

151,300

484,600
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solvent extraction-electrowinning. This comparison was made in 1975. If <he
assumption is made that the cost difference then 1s “he same as the cost
difference now, then the cost for praducing 1130 pounds per day of cement
copper would be $180/day less than for producing electrowon copper by SX-EW.
This cost includes capital cost and operating cost. Therefore, the total
annual cost, presented in Table 6.30, of $299,000 should be reduced by $59,400;
the new total amount would be $239,600. However, the value of the cement
copper would be approximately one-half the value of electrowon copper. The
value of the electrowon copper was estimated to be $223,700. Therefore, the
value of cement codber would be $111,900. The difference between what is saved
in annual cost and the loss of value for the new product would, in fact, make
the ROI less rather than greater.

8.15.7.3. Production of CuSO4

An aiternative to be explored is the relative cost of recovering
crystallized copper sulfate monohydrate instead of copper metal. I[f cne
assumes that the electrowinning unit operation has approximately tre same
annualized cost as the c¢rystallization unit operation then the diffarence in
return would be the difference in the value of 1120 pounds per day copper
(50.60/1b.) and 3480 pounds per day of copper sul fate monohydrate (30.75/13.).
The yearly value difference is $637,600. This would change the ROl from 4. to
51 percent compared to the electrochemical oxidation flowsheet; and would
change the ROI from 69 to 83 percent compared to the 502-02 oxidation
flowsheet. The cost differences are interesting enough so that the alternate
should be further considered.

8.15.7.4. Solvent Extraction of Rickel, Electrowinning of Nickel,
Precipitation of Chromiun Hydroxide, Production of Chromium Oxide

An attractive alternate is a major modification to the original flowsheet
that depends on the abflity to selectively extract nickel from the leach
without removal of chromium. This appears to be possible by use of the
DZEHPA-EHO or LIXSJ-DZEHPA solvent extraction reagents. Further research is
needed to vefify the conditions needed for such a system. Also, one should be
aware thaf'such a unit operation is more risky than previously suggested
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alternatives because SX of nickel by these reagents 15 not presently
commercially produced.

The alternate .flowsheet was presented previously in Figure 6.7b. The
equipment iist and factored capital cost estimates are presented in Table
8.145; operating cost is presented in Table 8.146.

8.15.8. Computer Mass Balances for 50 TPD Economic Analysis

The computer mass balance data for the 50 TPD economic analysis is
nresented in Table 8.147. The computer mass balance program and software are
presented in a separate manual,
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TASLE 8.145. SCLYENT EXTRACTION OF NICKEL, ELECTRGWINNING OF NICKEL,
PRECIPITATION OF CHROMIUM HYDRCXIDE, AND PRODULTION OF
CHROMIUM OXIDE

Salvent Extraction and Electrowinniag of Nicke.

L4
The FCC determined previously per mixer-settler cell for the flow
capacity of the present system was $40,400. The present system requires

five cells; $201,900.
The electrowinning system FCC is:

6 8 1010
Cost = 6x10 [:.72xlo 9oy Ni/1x10 ] (794/600)

= $136,600
The FCC for SY and EW is: $338,500 (M&S 794)
The FCAC is: 93,800

Precipitation of Chromium Hydroxide and Production of Chi-omium Oxide
S~

Equipment List CCST(SEMAS 5C0)

1. Precipitation vessels: € = 27.5(1040)9-629; 4,400
stainless steel, 1040 gal, with agitator, 2 each

2. Filter drum; C = 8235(19)0-2%2, 19,500
19 ft area. 1 each

3. Rotary kivin;
Includes refractory lining capable of 12nM1C, firing
system, hot cyclone, water cooling, 6' diam., 8' length,
39 tpd capacity (only need 1tpd capacity), 3740,000 @
M&S 545, fully instrumented 128,400

4. Ccvered High temperature discharge conveyor;
18"x25', $8,000 @ M3S 300 13,300

5. Bag Collector;
Small gas flow, cost includes motor ana drive,
$2.500 @ M&S 300 4,000

Total Equipment Cost (MaS
500) 169,600

ictal (M&S 794) 269,300
FCC 819,800
FCAC 227,100
TOTAL FCC for SX, EW, Crz0+ Production: 1,158,300

TCTAL FCAC for SX, EW, Crcs Production: 320,800
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TABLE 8.146 OPERATING COST FOR TABLE 8.145 SEQUENCE

COST(S/Y)
1. Reagents
LIX 63 (12.5%): 125 gal $6,200
DEHPA (16.0%): 150 gal 3,400
KERMAC 510: 715 gal 800

10,300 (one time cost, included
in capital cost)

Organic loss: 13 mg/liter 6,900

Caustic: 74 tpy 22,200
2. Labor

2 persons/shift; 3 shifts 152,109

3. Maintenance

5% FCAC 19,200
4. Energy '

5% FCAC 3 16,000

Fuel for kilan, $56/1000ft 31,800

Electrical for kiln motors, 160 HP, 2 each,

0.08S/kwh 151,300

Electrowinning; 3755 kwh/tonne Ni, 173 tpy 52,000
TOTAL OPERATION COST $451,500
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TABLE §.147. COMPUTER MASS BALANCE DATA FCR 50 “20 SLUDGE TREATMENT FLOWSHEEY

SLESSSE2EELEBEES23EBESELEBERICEELRLRELE
COMPOSITE SLUDGE PRCJIRAM

SESESTICEEEESELLELBE LTI 2R LRAIBLE

HERE IS THE COMPOSITION OF THE COMPOSITE SLUDGE (W/0)
cu NI (] IN CR cAa NA FE AL P8 st
S$S.00 $5.00 0.0 J.¢0 J.00 1,00 1,00 7.50 2.00 0,00 20.00

THE % SOLIDS IN COMP. SLUDGE 3 25.90

THE COMPOSITION OF THE COMPOSITE SLUDGE
GIVEN AS W/0 METAL HYDROXIDES
CA AND PB ARE GIVEN AS SULFATES
SI AND P ARE GIVEN AS OXIDES
cu NI co IN CR CA NA FE Al PR ST
7.48 7.9¢ 0.00 7.0 8.27 3.40 1.74 12.07 S.78 0.00 42.78

THE TOTAL W/0 OF THE HYDROXIDES, OXIDES AND SULFATES ===-=
88888 103.34 s33832

LEACH MODULE
ENTRY

FEVIIP01227700200200720722701012207
STARTING CONDITIONS....\SLUDGE EXCLUDING RECYCLES)

COMFOSITION (W/0 METALS) .....
cuU NI co N CR CA MA FE AL P8 S1
S.00 S.00 0.00 S5.00 S5.00 1.00 1.00 7,30 2,00 2,00 2,00

COMPOSITION (W/0 METAL MYDROXIDES. EXCEPT CA AND PB SULFATES ....
AND SI AND P OXILES -

cu NI co ZN CR Ca NA FE AL PB SI

7.648 7.90 0,00 7.60 8.27 3.40 1.74 12.07 S.78 0.00 32.78
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TABLE 8.147. CONTINUED

EXTRACTIONS = % = cecese
cv NI co IN CR CA NA FE AL PB st P
9%.70 95.90 100,00 93,10 96.50 1S5.00 100.00 92.00 96.90 0.00 0.00 100.00

% SOLIDS IN SLUDGE. DENSITY (GICHi; OF SLULGE
25.00 3.50

THE AMOUNT OF SLUDGE TREATED: (PPD) ... 100000,

% EXCESS CAFACITY IN THE VESSEL, RESIDENCE TIME IN THE VESSEL (MRS.) ...
20.00 0.5¢0

N RN N N R R S AN e A
REZULTS.ccneeees (INCLUDING RECYCLE SOL IDS/SOULNS)

THE ACTUAL AMOUNT OF SOLIDS TREATED: (PPD) 25000.0
THE ACTUAL AMOUNT OF METALS IN THE SOLID: (PPD)
Ccu NI cD N CR CA NA FE AL PB St P
1250. 00 1250.,00 Q.00 1Z50.00 1250.00 2T, 00 250,00 1875.0¢ 500.00 0.00 5000.0
THE ACTUAL AMOUNT OF METALS EXTRACTED: (PPD)
(=V] NI (=) IN Ck CA NA FE AL PR SI P
1171.35 1198.73 0.Q0 1286.73 1206.25 37.30 250.00 1725.00 484.50 0.0G0 0.90 O
ACID AVAILABLE FROM RECYCLES: (PPD) 0,00
AMT. X STOIC. OF ACID FOR CALC.: 1.0
THE AMOUNT OF ACID CONSUMED:......
PPD LIT/DAY
15858.7 3890.10
THE CONC. OF THE ADDED ACID: (GPL) &0.00

F0177700872720777070002022728720277727 .
IN THE VESSEL eccccee

THE AMOUNT OF LIQUID IN THE LEACH VESSEL: (LIT/DAY) 1S3927.

THE AMOUNT OF SOLIDS IN THE LEACH VESSEL: (LIT/DAY) 3241.43

THE TOTAL VOLUME: (LIT/DAY) 137148.

THE W/0 SOLIDS IN THE LEACH VESSEL: 3.79

THE TOTAL VESSEL VOL. WITH 20.00% EX(ESS CAPACITY: (LIT/DAY) 188602.

THE SIZE OF THE LEACH VESSEL WITH ©.S HOURS
RESIDENCE TIME IS: (LITERS) 3I929.21
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TABLE 8.147. CONTINUED

V1121200008027 07007077020¢82700087
AFTER THE LEACH c.ccce

THE AMOUNT OF RESIDUE: (PPD) 1:2356.7
THE ACTUAL AMOUNT OF METALS IN THE RESIDUE: (PPD)

Ccu NI cD IN CR cA NA FE AL PB s1 P
78,75 51.25 0,00 61.25 43.73 212.80 0.00 15%0.00 15.50 0.00 S000.00 0.00

THE W/0 METALS IN THIS RESIDUE ....
cu Ni cb IN CR CA NA FE AL PB St P
V.70 0.46 0.00 0.35 0,39 1.89 0.00 1.33 0.14 0.00 44.50 0.00

THE Z SOLIDS COMING FROM THE LEACH VESSEL: 2.69

THE SOLUYION COMP: (GPL)
=1 Nt cb IN CR CAa NA F= AL PB St P
2.43 3.53 0.00 3.90 3.55 0.11 0.74 S.08 1.43 0.00 9.00 1.47

THE fOTAL GPL IN THE LEACH SOLNs 22.897
THE AMOUNT OF EXCESS ACID IN THE LEACH SOLUTION: (CPL) 0.00

S035348833548838808833230828233835228328S38TS22TBTILEIXLEE2885TLS
SOLI3/LIQUID SEPARATION
$43334353388328S832835TS2TLRLTLVLETSELLLILEILITISRETEERLILITILIISS

101722210001 1222777
STARTING CONDITIONS .....

AMOUNT OF SOLIDS ENTERING S/L SEPARATION: (®PD) 11236.7
AMOUNT OF LIOUID ENTERING S/L SEPARATION: (LI1/DAY) 153927.
% SOLIDS IN FIRST FILTER CAKE (NOT FROM REPULPS): 70.00
8 REPULP === 3
%S0L1DS REPULP X GPL ACID
70.0 5.0 &0.00
102802700207 1771227777
THE RESULT® ......
THE AMOUNT OF SOLUTION EXITING FIRST S/L SEPARATION (LIT/DAY) 1351943,

ITS COMPOSITION (GPL) .....
cu NI CD IN CR CA NA FE AL PB SI P
3.4% 3.33 0.00 =.50 3.S% 0.11 0.74 35,08 1.43 0.00 v.00 1.47

THE AMOUNT OF SOLUTION TRAPPED IN THE FILTER CAKE:s «LIT/DAY) 1983.71
THE POTENTIAL LOSS OF METAL VALUES IN THE TRAPPED SOLN. (PPD)

cu NI CD N CR ca NA FE AL PB S P
135,094 15.449 0.000 15.320 15.345 0.483 3.222 22.23! 6.244 0.000 0.000 46.444
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TABLE 8.147. CONTINUED

100007:°771000802007007717272011777
1hE AMGUNT OF SOLUTION EXITING REPULP 1 IS s (LIT/DAY) 986824.10

ITS COMPOSITION (GPL) .ese
cu NI (o] ZN Ch cAa NA FE AL PR S1 P
0.58 0.59 0.00 0.58 0.59 0.02 0.12 0.85 0.24 0.00 0.00 0.25

THE PFU OF EACH METAL IN THE EXITING SOLUTION
cu N1 co IN Ck CA NA FE AL FB SI P
12,455 12,751 0.000 12,4645 12.831 0.399 2.63% 18.347 S.1354 0.000 0.000 3.3519

THE ~MGUMT OF SOLUTION TRAPPED IN THE FILTER CAKE: (LIT/DAY) 2078.18

THE POTENTIAL (0SS OF METALS IN THE TRAPPED SOLN: (PFD)
Cu NI co IN CR ca NA FE Al L4 S P
2,836 2.697 0,000 2.4675 2.714 0.034 0.543 S.8682 1.090 0.000 0.000 1.125

CE1070020020070180070080700701717
THE AMOUNT OF SOLUTION EXITING SLSEP AFTER ALL REPULPS (LIT/DAY) 1461767,

ITS COMPOSITION (GPL) ....
U NI cD IN CR CA NA FE aL ”B 81 P
3.20 .35 0.00 3.33 3I.37 G.10 0.70 4.83 1.364 0.00 0.00 1.40

THE PPD METAL LOST IN THE FINAL FILTER CARKE 3
cu NI co IN CR CA NA FE AL PB <) P
2.636 2.497 0.000 2.67% 2.714 0.084 0.543 3.882 1.090 0.000 0.000 1.12%

THE COMPOSITION OF THE FINAL FILTER CAKE scccvacas
FPD OF SOLID ... 11236.7

PPD OF SOLUTION .... 8813.74%

LIT/DAY OF TRAPPED SOLN: 2078.18

THE AMOUNT OF ACID EXITING IN THE FINAL SOLUTION
tIN GFL) S.68

THE PPD JF METALS EXITING FROM REPULPS:

cu b cD IN CR CA NA FE AL PB SI P
12.46 12.75 0,00 12.64 12.83 0.40 2.66 18.33 S.i15S 0.00 0.00 5.32
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TABLE 8.147. CONTINVED

3888888388308 8388080088230800803088USSS
GENERAL EXTRACTION PROGRAM : JAROSITE PRECIPITAION

S8888838488880830883880K8883280888080808388

GFL IN STARTING SOLUTION:

cu NI co IN CR CA NA FE AL FB
3.28 3.35 0,00 3.33 X377 .10 0,70 4.83 1.36 0.0

THE LIT1ERS/DAY STARTING SOLUTION: 1617487,

THE FERCENT EXTRACTIONS:
Ccu NI co N CR cA NA FE AL PB
A 3.6 .2 -2.0 15.0 0.0 0.0 97.0 44.5 100.0

PUUNDS METALS ENTERING PROCESS:
cu N1 CD IN CR CR NA FE AL PR
1108.0 1196.1 0.0 1186.1 1203.5 37.4 2349.4 1721.1 483.4

NEW GPL VALUES - SOLUTION EXITING PROCESS @
Cu N1 CcD IN CR CA NA FE AL FB
3.19 3,23 w00 3.6 T.87 vl 070 0.14 0,73 0,00

THE MOLE. WT. OF THE PRECIP. SPECIES:
Cis NI CD IN CR CA NA FE AL bt 3
7.5 92,7 146.4 99.4 103.0 130.0 0.0 501.0 76.0 238.0

THE MOLES OF PRECIP. SPECIES PRODUCED PER MOLE MEYAL:
cu NI Ccb IN CR CA NA FE AL PB
1.0 1.0 1.0 1.0 1.0 1.0 1.0 0,3 1.0 1.9
THE PFD OF EACH PRECIP. SPECIES:
cu NI ol ] IN CR CA NA FE AL PB
48.4 4&8.0Q 0.0 3Jb.1 357.5 .0 0.0 4492.8 421.9 0.0
THE TOTAL PPD OF SOLID SPECIES PRECIP: 6148.1

GFL ACIC IN SOLN: 0.0

S1
Q.00

s1
100.0

sl
0.Q

S1
Q.0

S1
64.0

Ss1
1.0

S1

0.0

SOLID/LIQUID SEPARATION

$388880888088083300883888388858885230083088388833888838038000288

I007077707110477717
STARYING CONDITIONS 'ccee .

?
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: TASLE 8.147. CONTINUED

AMCUNT COF SOLIDS ENTER.NG 5/L SISPARATION: (PPD) 6148.06
AMOUNT OF LYQUID ENTERING S5/L SIPARATION: (LIT/DAY) 161767.
% SOLIDS XN FIRST FILTER CAKE (NOT FRCM REPULPB)s 70.00

¢ REPULP —- 1
XASOLIDS REPULP X G6FL ACID
70.09 1.00 60.00

187007072¢1277720772¢
THE RESULTS ......
THE AMOUNT OF SOLUTION EXITING FIRST S/L SEPARATION (LIT/DAY) 160682,
ITS COMPOSITION (GPL) .....
cu NI CD IN CR CA NA FE AL PB SI P

.19 3.23 0.00 3.26 2.87 0.10 0.70 O0.14 0.75 0.00 0.00 0.70
THE AMOUNT OF SOLUTION TRAPPED IN THE FILTER CAkE: (LIT/DAY) 1085.37
THE POTENTIAL LOSS OF METAL VALUES IN THC TRAFPED SOLN. (PPD)

cu N1 cb IN CR CA NA FE AL PB SI P
7.8629 7.736 0.000 7.799 &.864 0.251 1.474 0.346 1.800 0.000 0.000 1.474

1011171020007 7700F2800802207202220727
THE AMOUNT OF SOLUTION EXITING REPUL® 1 IS 2 (LIT/DAY) 1033.69

ITS COMPOSITION (GPL) ....

Ccu NI CcD ZN CR Ca NA FE AL PB St P

1.59 1.62 0.00 1.43 1.43 0.05 0.35 0.07 0.38 0.00 0.00 0.35

THE PPD OF EACH METAL IN THE EXITING SOLUTION

cu NI cb IN CR CA NA FE AL PB S1 P
3.633 3.484 0.000 3.714 3.268 0.120 0.797 0.165 0.857 0.000 0.000 0.797
THE AMOUNT OF SOLUTION TRAPPED IN THE FILTER CAKE: (LIT/DAY) 1137.05
THE POTENTIAL LOSS OF METALS IN THE TRAPPED SOLNs (PPD)

cu NI co IN CR CA NA FE AL PB 31 P
3.996 4.952 0.000 4.085 3.595 0.131 0.877 0.181 0.983 0.000 0.300 0.877
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TAJLE 8.147. CONTINUED

THE AMOUNTY-OF SOLUTION EXITING BLSEP AFTER ALL REPULPS (LIT/DAY) 161716,

I1TS COMPOSITION (GPL) ....
cu NI ch IN CrR cA NA FE aL PB SI P
3.18 3.22 0.00 3I.25 2.86 0.10 0.70 0.14 ©0.75 0.00 0.00 0.70

THE PPD METAL LOST IN THE FINAL FILTER CAKE 3
cu NI (o +] IN CR CA NA FE AL PB SI P
3.996 4.052 0,000 4.085 3.595 0.13. 0.877 0.181 0.943 0.000 0,000 0.877

THE COMPUSITIGN OF THE FINAL FILTER CAKE seescace
FFD OF SOLID ... 6148.06

PFPL OF SOLUTION .... 2634.88

L11/DAY OF TRAPPED SOLN: :137.03

THE AMOUNT OF ACID EXITING IN THE FINAL SOLUTION
CIN GFL) 0.40

THE PPD OF METALS EXITING FROM REPULPS:
- Cu NI CD IN CR CA NA FE AL PB S1 P
.63 3.68 0.00 3I.71 3.27 0.12 0.80 .0.1& 0.8s 0.0 0.00 0.80

SESSB8RNSBREBRS 4TRSS ETLEREERE0BEBEIFLREBLEBTISIERSITSISEES
SX COPPER

SR80 4EBB03508E38TONSBISBUCETESSARILARBEBBSNLETREBEEISESLS

THE SOLVENT EXTRACTION CONDITIONS ARE AS FOLLOWS:

TEMPERATURE (IN DEGREES CENTIGRADE): S0
CONTACT TIHME (IN MINUTES): 3.0
0/A RATIO: 1.00 .

THE VOLUME FLOW RATE(L/D) OF ORGANIC SOLUTION REOUIRED IS: 161714.
THE VOLUME % LIX 622 IN THE ORGANIC SOLUTION IS: 15.00
THE VOLUME % KERMAC S10 IN THE ORGANIC SOLUTION IS: 83.00
THE VOLUME % O IN THE ORGANIC SOLUTION IS: O0.00
198.0 SETS OF MIXING TANKS ARE REQUIRED, 3 STAGES PER SET.
SSSSBESSSELREREREEERESEESBEEECESESLCISETRELEEBEBEUCEBESRE80SS

THE PH FOR STAGE I IS 1.75

THE EXTRACTION EFFICIENCYS FOR STAGE 1 ARE:

Cu NI cD ZN CR CA NA FE AL PB S P
92.10 0.00 0.00 0,00 0.00 0.00 0.00 1.00 0©.00 0.900 0,00 28.00
033283430888 0888SSRSRCERRRBEEESRBERITIRRIRTLAOSINGISNIRSST

THE AGQUEOUS EXITING STAGE 1 CONTAINS (G/L)s
(=1 N1 cD ZN CR CA NA FE AL PB St P
0.25 3.22 0.00 3.25 2.8 0.10 0.70 0.14 0.75 0.00 0.00 0.50
02885288 5808888833538528308888088SRRBESSSEELILISEESI0205388888
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.“.“0..‘...Cﬂ.l.“..“l.l.lll..l0‘l.“.‘l““'."“‘.l.."'ll
e PH Fun STAGE 2 IS 1.50

v EXTRALTION LFFICIENCYSE FOR STAGE 2 ARE:

cu Nt <D IN CR CA NA FE AL FR S1
82,20 0.0 00 0.0 OO0 Q.00 U0 L0 0.0 0.0 Q.00
SOUSSCEEsusasstsintatsistuetsnenessingunigsnssstssassssisssisss

Wt AUUEOL: EAITING STOGE 2 CONTAINS (GrL)Is

U b)) cp IN CR (o] NA FE AL FB 81
oM X7 0 3,25 2.8 0.10 V.70 084 0.7 O 0,00
0000068086085 00808084800083880808848883880¢0888088888¢3808888808¢88¢

i SN EALTING STAGE 2 CUNTAINS ((GeL)e
v N <D IN Cn Co N fE AL (o) S1
eed NS T A0 Q2,00 UL LY L0 Q0 0,00 O,00
6008888306 838880808008080838880808888080888208003808008088800¢8

$06C08088C000858882300880588308888838330838838380883038385888088383R88
g FPH FUR STACE 3 15 1.3

*Ht TXTRACTION EFFICIENCYS FOR STAGE 3 ARE:

vd Nl co IN CR CA NA FE AL PB S1
430 VT Qe L 0.0 0.0 QL0 0,00 Q.00 000 000
G088 880453083000838888388885808088083C8888383%438388380838838s¢8

THE AQUET. S «A1TING STAGE 3 CONTAINS G/L):

Ny NI cb IN CR (o) NA FE AL PB S
Seva RIT C 3.35 .80 010 vLT .18 Q7T Q.00 w0
108838888 888888880808303080838383883880383888388383588088888888883

YHE ORGANIC EXITING STAGE 3 TONTAINS (G‘L‘:

U N1 o IN CR CA NA FE Al B Ss1
0,02 0. . 00 0,00 0.0 000 0.0 0,0 Q.00 Q.00
83835880308 8058883008388835388380883880886088300880888888

SOSSESSVISOESEOOUCUBEECEIUSBESERESESENIIEEB8E0S800880388883008

TwE JRGAMIZ 10 THE STRIPPING PFOCESS CONTRINS:
) NT cD IN CR ca NA FE AL PB St
e 2o 0.0C Qe Q0 Qo0 000 0,00 0,00 0.00 Q.00

THE FINAL AQUEOLS SOLUTION CONTAINS:

cv NI co IN CR Ca NA FE AL FB S1
0,02 3.22 0.00 3,25 2.85 0.10 0.70 (.14 0,757 0.CO Q.00
S88880884088838883000088383883¢083883833308083880880883838808888¢
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$2858800080888S838E8ES 008U ELBEENISETIEICEEBINICRINE2SSSC28ES
SX IINC AND IRON
S86300C33SS0500SEEBIICTERITENNEEBESEREERINIISTEBETRCEIETEERENSES
THE SULVENT EATRACTION CONDITIONS ARE AS FOLLOWS:
1t MPERATURE (IN DEGREES CENTIGRADE): SO
CONIACT 1IME (IN MINUTES): 3.0
0'A RANIO:  1.00
IHL VULUME FLOW RATE(L/D) OF ORGANIC SOLUTION REQUIRED IS: 161716,
IHE VOLUME % DENFA IN THE ORGANIC SOLUTION 1S: 40.00
THE VOLUME <% LERMAL 10 IN THE ORGANIC SOLUTION IS: 6&0.00

THE VOLUME % O IN THL. ORGANIC SOLUTION IS: 0.00
198.0 SETS OF MIAING TANKRS ARE RECUIRED, 4 STAGES PER GET.

8808000880380 008808008488038588208388830083¢88880883888088808888888882
ML M R SWE 8 IS 1.0

I EVIRACTION EFFICIENCYS FOR STAGE 1 ARE;
U Nl D ZN CR CA NR FE AL PR S

VLt 00 SS5,00 35,00 0.00 18.80 0.00 80.00 2X.00 0.00 0.00 0.0V

$0604830003884808083880088308828830R20802083RKERRR8RECISRRESRES

THE NJUEOUS LAITING WTAGE 1 CONTAINS (G/L):
(9 V) Nt co <N CR CA NA FE AL PR SI

Q.2 .22 0. L3 2.80 0,08 Q.70 0.03 0.358 0.00 w.00 0.50

6880600808088 80880888420358848388888083838083303088883888028383088382

*HE URGANIC FAITING STAGE 1 CONTAINS (G/L):
(g U NI CcD IN CR cA NA FE AL PB S1

Qe 0.0 Q00 X119 0.0 0.08 0.0 0.13 0.61 0.00 0.00 0.2

0868683800826 03YBE2SBIBE08EBER88BRELO0R08088888008S

S808888805808¢83888200CE0R0B0SESEEROSSE0SSRRB0RRREERRERERREERES
THE PH FOR STARGE 2 IS 2.00

THE E\TRACTION EFFICIENCYS FOR STAGE 2 ARE:
cu N1 cD IN CR CA NA FE AL FB S

ST Q. BELNQ BEL.O0 Q.0 Q.00 Q.00 82.00 59.00 2.0C¢ Q.00 O.KN

L6085088088843830403333083830838238002808388832048483083888880838288

THE ADUEOUS EXITING STAGE 2 CONTAINS G/L):
cu NI cD IN CR CA NA FE AL PB SI

0.1 3.22 0.00 .25 2.86 0.08 0.70 0.C1 0.24 0.00 0.00 0.50
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. THE ORBANIC EXITING STAGE 2 CONTAINS (G/L):
cu NI cD IN CR Cca NA FE AL PB SI
0.0t 0.00 0.00 2.05 0.00 0.06 0.00 0.03 0.44 O0.00 0.00
SSS2SSSS852583558083823838858888883888303883888838888

!
S8838GESEE08SSRSLEEBEBSESEEEENCECRBILETEEEEEEE08E3CESEEESRROREL
YTHE PH FOR STAGE 3 IS 1.50

THE EXTRACTION EFFICIENCYS FOR STAGE J RREs

(=1 NI CD IN CR CA NA FE A/l PB -} ¢
30.00 0.00 65.00 65.00 0.00 46.70 0.00 355.00 28.00 0.00 0.00
SS33SS3833252020R088583R8E83VRNEEERERERRRERI00EEEL20TERS24822

THE AQUEDUS EXITING STAGE 3 CONTAINS (G/L):
cu NI CD 1IN CR CA NA FE AL PB S
0.01 3.22 0,00 0.09 2.86 0.05 0.70 0.00 0.17 0.00 0.00
S33838325038388388833033SBETURSLRERCRIERLTLEERILEBIB0E2808080S

THE ORGANIC EXITING STAGE 3 CONTAINS (G/L)s

cu NI co N CR CA NA FE AL PB S1
0,00 0.00 0.00 0,19 0.00 0.06 0.00 0.00 (.10 0.00 0.00
$8833883332038RI88883S350S230833838830880888838038188

SS888006300885308832083888880838888838388338808388333888%88383008
THE PH FOR STAGE 4 IS 1.30

THS EXTRACTION EFFICIENCYS FCR STAGE 4 ARE:
(=1 NI CcD N CR ca NA FE (. PB 81
0.00 0,00 30,00 30.00 0.00 41.40 0.00 25.00 18.40 0.00 0©0.00
8838833888388 5883C83BSCRESSR3EEEEESEEBOR0BEEESBESEEES08R2ERTES

THE AGQUECUS EXITING STAGE 4 CONTAINS (8/L)s
cu NI CcD IN CR CA NA FE A fB £ §
.01 3.22 Q.20 Q.06 2.86 0.03 0.70 0.00 0.14 0.00 0.00
ArvtradedsB04 2080080448880 888020888R0288RSRELERERRERBRRRERRRER

e JRGANIC £)ITING STAGE 4 CONTAINS (G/L)s

cy NI CD IN CR CAa NA FE Al FB SI
0.00 0.00 0.00 0.03 0.00 0.02 0.00 0.00 0.03 0.00 O0.00
S88835388303038 8808388308 08REBI5SERRR 0SR20 RE8E

$8884CSESSSERSEESSSREREEESESEELERIRREEESERLRBICEEISRE8REE23084S
THE ORGANIC TO THE STRIPPING PROCESS CONTAINS:

cu NI co ZN CR CA NA FE AL PB 61
0.01 0,00 0.00 3.19 0.00 0.08 V.00 0.14 0.61 0G.00 0©0.00
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THE FINAL-AGUEOUS SOLUTIUN CONTAINS:

cu NI Cp IN CR ca NA FE AL PB S1 P
0.01 3.22 0.00 0.06 2.86 0.03 0.70 0.00 0.14 0.00 0.00 0.50
(PR3 PR3 RR AR RARRISSR S 2 RE R R R R R Rddifef iR qqdiqes ity

SS333808338830528888888082833828388888
BENERAL EXTRACTION PROGRAM : CHROMIVM OXIDATION

GPL IN STARTING SOLUTION:
cv NI CcD IN CR ca NA FE AL PB s P
0.01 3.22 0.00 0.06 2.86 0.03 0.70 0.00 0.14 0.00 0.00 0.S0

THE LITERS/DAY STARTING SOLUTION: 161716.

THE PERCENT EXTRACTIONS:
cu NI co IN CR ca NA FE AL PB 24 P
0.0 0.0 0.0 0.0 14.7 0.0 0.0 95.0 42.8 0.0 0.0 0.0

POUNDS METALS ENTERING PROCESS:
cu NI [~ J IN --CR CA NA FE AL . PB SI P
2.6 1148.9 0.0 22.1 1019.4 9.5 246.6 0.6 4%9.6 0.0 0.0 179.0

NEW GPL VALUES - SOLUTION EXITING PROCESS i
cu NI CD IN CR ca NA FE AL PB S1 P
0.01 3.22 0.00 0.06 2,44 0.03 0.70 0.0 0.08 0.00 0.00 0.50

THE MOLE. WY. OF THE PRECIP. SPECIES:
cu N1 cD IN CR CA NA FE AL PB SI
0.0 0.0 0.0 0.0 103.0 0.0 0.0 107.0 78.0 0.0 0.0 0.

o%

THE MOLES OF PRECIP. SPECIES PRODUCEL PER MOLE MSYAL:
cu NI cb ZN CR CA NA FE AL PB S P
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
THE PPD OF EACH PRECIP. SPECIES:
cu NI CcD IN CR cAa NA FE AL PB SI P
0.0 0.0 0.0 0.0 296.8 0.0 0.0 1.1 61.4 0.0 0.0 0.0
THE TOTAL PPD OF SOLID SPECIES PRECIP: 339.3

GFL ACID IN S3OLN: 0.0
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8808385883853 8888583088088388028888C 008

GENERAL EXTRACTION PROGRAM: LEAD CHROMATE PRECIPITATION.
S8323538038083385588880888838828308S
GPL IN STARTING SOI.UTION:

cu N1 (o) IN CR CA NA FE AL PB s1
0.01 3.22 0.00 0.06 2.34 0.03 0.70 0.00 0,08 0.00 0.00 O.

R

THE LITERS/DAY STARTING SOLUTION: 161716.

THE PERCENT EXTRACTIONS:
cu NI co IN CR CA NA FE AL PB SI
0.0 0.0 0.0 0.0 99.6 ©.0 0.0 0.0 100.0 0.0 0.0 O.

(-2 ]

POUNDS METALS ENTERING PROCESS:
CU NI C IN CR CA N» FE A PP 8I P
2.6 1148.9 0.0 22.1 B&9.6 9.5 248.6 0.0 28.4 0.0 0.0 179.0

NEW GPL VALUES - SOLUTION EXITING PRCCESS 3

cu NI cb IN CR cAa NA FE AL PB s8I P
0.9 3.22 0.00 0.06 0.01 0,03 0.70 0.00 0.00 0.00 0.00 0.50

THE MOLE. WY, OF THE PRECIP. SPECIES:
cu NI ch N CR ca NA FE AL PB 91 P
0.0 0.0 0.0 0.0 323.1 0.0 0.0 0.0 0,0 0.0 0,0 0.0
THE MOLES OF PRECIP. SPECIES PRODUCED PER MOLE METAL:
cu NI coD IN CR CA NA FE AL PB 81 P
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
THE PPD OF EACH PRECIP. SPECIES:
v NI CD IN CR CA NA FE AL PB s1 P
0.0 0.0 0.0 0.0 85380.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
THE TOTAL PPD OF GOLID SPECIES PRECIP: $5380.3

GPL. ACID IN SOLNs 0.0

SSSSIS3CES2ESS0REESES028382888830888
GENERAL EXTRACTION PROGRAM : NICKEL SULFIDE PRECIPITATION.

S838SL3SER2ESESS2E3B88228320800888
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GPL IN STARTING SOLUTION:
cu NI co IN CR CA NA FE Al PB
0.01 3.22 0.00 0.06 0.01 0,03 0.70 0,00 0,00 0.00

THE L1YERS/DAY STARTING SOLUTION: 161716,
THE PERCENT EXTRACTIONS:

cu NI cb ZN CR ca NA FE AL PE
9%5.0 99.8 95.0 95.0 10.0 0.0 0.0 95.0 0.0 95.0

POUNDS METALS ENTERING PROCESSa
cu N1 co IN CR cA NA FE AL PB

2.6 1116.9 0.0 22.1 J.5 9.5 248.6 0.0 0.0 0.0

NEW GPL VALUES - SOLUTION EXITING PROCESS @
Cu NI CD IN CR CA NA FE AL PB
0.00 0.01 0.00 0.00 0,01 0.0T 0.70 0.00 0.00 0.0V

THE MOLE. WT. OF TVE PRECIP. SPECIES:
Cu N1 co IN CR ch NA FE AL PB
96.0 91.0 144.0 97.0 0.0 0.0 0.0 88.0 0.0 239.0

THE MOLES OF PRECIP. SPECIES PRODUCED PER MOLE METAL:
Ccu NI cb IN CR ca NA FE AL PB
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
YHE FFD OF ¢+ H PRECIP. SPECIES:
-y LI H Iy o] ZN CR CA NA FE AL PP
o7 377745 ot 31.2 .0 0.0 0.0 0.0 0.0 0.0
1HZ TOTAL PFD OUF SOLID SPECIES PRECIP: 2361.1

GFL ACID IN SOLN: 0.0
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