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ABSTRACT

This report on '"State of the Art Review on Product Recovery'
covers the recovery, reuse snd/or sale of meterisls recovered from
liquid effluents or produced &s & result of the trestment of liquid
effluents. A criticsel snd complete review of literature up to dete
on product recovery in mejor weter use industries is presented. The
economical, technical end philosophicel fremework which determines
the applicetion of product recovery is presented wherever possible.
This report does not cover weter renovsetion for reuse end product
recovery from solid westes. However, sn eveluation of the utilize-
tion end product recovery of municipel sludge is presented. The
principel eress of discussion sre: weste reduction prectices in-
cluding in-plant control, recovery techniques end practices,

practicsl operating problems end the relstionship between recovery
snd trestment.

The report concludes that:

1. Product recovery is sn sccepted practice with
increassing usage.

2. Industry needs incressingly complex processes to
develop optimum recovery schemes.,

3. By-product recovery generally results in & net cost

to industry generelly of & smeller megnitude then
conventionel treatment.

4. The situetion is complicsted by the tex exemption laws.
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SUMMARY

Product recovery from weste waters is an accepted practice from
an economical end pollution control point of view. In many cases,
recovery of by=-products is not practiced ss it is cheaper to dump the
wastes rather then to process them. But with the increasing environ-
mentel control legislation end enforcement, product recovery technique
is gaining high importance.

The urgent problem facing the industries is how to recover by-
products from weste materials and what to do with them. Sophisticeated
methods have been developed for the sepesrestion of products of different
sites snd & chert showing the renges of various separation processes
is presented in Figure 1. The various unit processes used in the re-
covery of by-products and the products recovered sre shown in Figures
2-6.- These unit operstions are typical and cen be aspplied in the
various industries wherever spplicable,

The practice of product recovery results in & net cost to the
industry, but it has been proven frequently to be cheaper than other
methods of disposel. The choice of a method of treatment depends on
the economic considerations end degree of treatment desired., Removal
of pollutents to the desired level is generally echieved through con-
ventional processes, but it should be reeslized thast the seme degree
of treatment can be achieved either by product recovery slone or by =&
combination of product recovery and conventional treatment processes.
Advantage of reducing pollutionsl loed through product recovery con=-
sists in the overell reduction of the cost of treatment and conservetion
of netural resocurces.

Unfortunately, the entire thrust of texation and regulestion hss
been negetive with regard to by-product recovery. Too meny of the
state reguletions sre promulgeted and permits issued with e specific
reduction in & pollutant level regardless of the amount of discherge.
Therefore, & compeny may eliminate & substantial quentity of pollutent
by by-product recovery and still find itself faced with the seme degree
of required removel although on a smeller guantity. This hes the
effect of eliminating part of the benefit of by-product recovery. Only
when recovery reaches 100% (a very unusual cese) cen totel recovery
of weste costs be achieved.

This problem is complicated by the fact thet all pollution control
facility tex exemption laws enacted in this country specifically ex-
clude credits for facilities which recover any product for reuse or
sale.

Thus, while it cen be argued that while the socisl good of the

vii
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country is in the direction of by-product recovery, the existing
regulstions and texetion ere such es to discourege by-product re-
covery by industry in plasce of conventionel weste trestment
techniques. We strongly feel thet 2 review of regulstory end
fiscel policies should be mede to encourege the use of recovery
end reuse techniques by industry in the trestment of their westes.

The Future
It is obvious from this study thet:

1. By-product recovery elreedy occupies &n importeant place in
the reguler practice of Americen industry.

2. By-product recovery practice is dependent primerily upon
economic fectors rather then technologicsl ones.

3. A veriety of technology exists end is practiced to achieve
by-product recovery in & variety of industries.

Further, it is enticipested thst increesed by-product recovery
will occur in the future becsuse of tighter pollution control regulas-
tions. It is not herd to justify the sociel desirebility of by-
product recovery both on the basis of reduced pollutiocnel load end
becsuse of the decreassed demends which would be created for our ob-
viously limited nsturel resources. Thus, it is importsnt to note
those fectors which will encoursge industry to utilize by-product
recovery on en incressing scele., After numerous discussions with
industriel leaders, we feel thet the steps outlined below, if tsken,
would encourege the use of by=-product recovery ss en enti-pollution
spprosch and one of considerebly more merit then ordinery pollution
control techniques currently in prectice:

1. Development of & consistent pollution control progrem with
sherply defined objectives &nd & sherply defined time scsle
strictly enforced with controls set on discherge gquantities
rether than & universsl removel percentsge.

2. Use of tex incentives to include trestment units where by-
product recovery is precticed. Specisl incentives should
be given for meterisl in short supply for the reuse end
recovery of .

3. Development of additionel technologicel tools for the removel
of pollutents in smell quentities from weter, not only on s
gross besis, but in e menner which will permit specific
seperetions to be mede.

xiv



4, Encouragement of pretreatment of industrial wsstes prior to
edmission into joint systems through surcharging progrems.

It is recognized thet portions of these proposed steps ere under=
way and that others mey be administratively or politicelly difficult
to underteke. However, they are necessary for optimsl socio-economic
goels. As s further note, it is important thet industry recognize the
significence of building a merket for by-products just ss it does for
prime products. In meny ceses, greet guantities of by-product chemi-
cals end materiesls ere reedily sveilsble for use but the msrkets for
them are simply not sufficiently developed to totelly sccept the
svaileble supply. If markets have not been developed, maximum by~
product recovery will not be feesible or precticed.

Both industry snd government must become attuned to s 'weste not
want not! philosophy in the future in order to preserve the environ-
ment end our natural resource bsse.

Most industrial leeders agree that recovery end use is highly
practical in meny circumstences becsuse industrisl westes cen be
separated by unit (at least in newer plants) snd the wastes ere
lergely product, feed or by-product. The pressure for reuse will be
strongest in the case of conservative species which, when regulations
sre ensected and enforced, will have to be concentrated end disposed
of in some fashion. If concentretion is necessery in eny case, then
recovery end reuse seems to be en economicelly vieble spproach in
hendling this type of waeste in the future.
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INTRODUCTICN

This report on the "State of the Art Review on Product Recovery"
is based on &n exhaustive literature review, discussions with verious
outside sources including industriel orgenizetions actively engeged
in product recovery activities and the experience of the principel
investigetor, associates and consultents of Resource Engineering
Associates.

Considerable 1iteraturel‘lz already exists with regard to water
reuse and by-product recovery although no complete presentation of
the current status of by-product recovery exists in the litereture.,

This report was developed on the basis of en extensive litersture
search based on Chemical and Engineering Abstrects es well as a com-
plete review of &ll existing litersture in the fields of chemicsal and
senitery engineering. The reports prepared by the USPHS and FWPCA
were slso reviewed and numerous contacts were made with industries
with practicael experience in by-product recovery.

The report summarizes, industry by industry, the current stetus
of by-product recovery. In addition, the Appendix conteins three
chapters which review the process technology as related to by-product
recovery.

The purpose of this report is to summarize the technical and
practical extent of by-product recovery &s practiced in this country.

The concept of product recovery is gaining fer more widespread
utilizetion then in the peast beceuse of the press end expense of
increasingly tight environmental control legislation and regulations.
Such sn spproech is being encouraged by both industries end govern-
mental agencies for the following reesons:

l. A general reduction of the level of industriel pollutent
discherge.,

- 2. The possibility of reducing overall environmentel control
expenditures.

3. Reduction in the rate of materiel utilizetion snd westage
by the economy.

It is, however, interesting to note that, in the passt, meny
recovery methods proposed have been rejected because it is cheasper
to dump the westes than to process them. With stricter enti-pollution
regulations end recovery processes making very good economic sense,
pollution abatement through product recovery, either wholly or
partially, should be promising in order that the natural resources



of the country may be handed on to posterity undemeged and undestroyed.

Valuable by-products may include:
1. Wster and other solvents for recycle.

2. A major product that is collecteble in & commercial form,
e.g., iron ore dust from blest furnsce ges effluents.

3. A major product collectable in & non-commercisl form,
e.g., in dilute solution.

4., A salesble or presently useable by-product.,
5. A by-product not presently en erticle of commerce.

Recycled water may ultimetely be the mejor veluable product
becsuse of increesing water supply costs, increasing weter trestment
costs and mounting cherges for using municipsl sewerage facilities.
As considereble work has been done and reported in the litersture—~
on renovation and reuse of water, this subject will not be discussed.
The recovery of product fines, useable water and thermal energy sare
importent methods of reducing overell weste disposal costs and should
be seriously considered in every case. Recovery of products from
solid wastes is not included es it fells outside the scope of this
report. There are meny products that are recovered now but there are
many more that are not being recovered now thet could be recovered
in the future by the so-called second generstion recovery systems.



ECONOMIC, TECHNICAL AND PHILOSOPHICAL FRAMEWORK

The product of waste must be considered es &n integral part of
the manufacturing process and the cost of treetment of industrisl
wastes must be charged against the product. The waste disposal op-
erations result in & net cost to the industry producing the weste,
but product recovery and utilizetion practices reduce the cost of
treatment and frequently prove to be cheaper than other methods of
disposal,

While considering treatment of e waste, the choice of a method
of treatment or process is made that gives maximum benefits or re-
turns. In meny ceses, the industrial wastes contain veluable products
such &s high velue metels, ecids and other products which could be
used for producing by-products and these, when recovered, will give
high economic returns in addition to removal or pollution loed from
the weste streem. Further, in some cases, water recovered from these
wastes are of good quelity end cen be reused, resulting in the reduc-
tion of weste snd cost of treatment. The renovation and reuse of
waste water becomes & necessity when the naturel water supply source
is limited and water needs are increasing, due to growing populstion
and expanding industries.

By~-product recovery freguently accompanies wster reuse end water
conserveation. Recycled water may ultimately be the major valusble
product because of incressing weter supply costs, increasing water
treatment costs, and mounting charges for using municipal sewerege
facilities.

Industrial wastes contein toxic chemicals such as cysnide, free
acids and heavy metals. Disposal of these wastes into surfece wasters
are objectionable because they cause fish kills, retard self purifi-
cation of surfece waters. These westes cannot be discherged into
the sewage treatment plants as they contein toxic materiasls. The
reduction of weste load is of mejor importence in the waste treat-
ment operations. Waste load reduction is achieved by removing the
spent greins in & semi-dry state, by removing the yeast from fermenters
for filtration and drying and by removing the sediment from the chill
storage tanks as & slurry for seperate dispossl. In many ceses, these
operstions heve yielded a selesble by-product which hes more then off-
set the increesed cost of recovery.

Frequently, waste streams cen be eliminated or reduced by process
modifications or improvements. A notable exsmple of this is the use
of save-rinse and spray-rinse tenks in plating lines. This measure
brings about & substential reduction in waste volume and frequently
a net reduction in metel dragout.

Segregation of waste streams 1s s necessity at times, not from



the product recovery point of view but from the operationel point of
view. An exemple of this is segregeation of acidic metel rinses from
cyanide streams to avoid the production of toxic hydrogen cyanide (HCN)
end thus eliminate potential sefety hezerds.

From the industries' philosophicel point of view, the prime
requirement of waste trestment, by-product recovery and water reuse
is thet the principel product or products of the plent is satisfectory
to the consumer snd the secondary requirement is that the operation
of the plants be efficient end economicel.

The urgent problems facing the industries are how to recover
by-products from waste materials inherent in every industrial operes-
tion and whet to do with the by-products. Confronted with the growing
dengers of eir esnd weter pollution, the enticipstion of government
reguletion, as well es loss of valuable materiels through unprofiteble
waste disposel methods, industries esre forced to develop sophisticeted
refining methods for processing chemical end industriel by=-products
end even develop markets for by-products.

The industries, in generesl, sre becoming more snd more aware of
the necessity for pollution sbstement and product recovery, not only
becsuse of its effect upon the general welfere of the public, but
also beceuse of its own dependence upon rivers eand streems for suitable
water for menufecturing processes. Industries ere &slso increesingly
aware of the fact that benefits accruing from pollution ebetement
through product recovery may be quite significent.



PULP AND PAPER MILLS

Recovery of chemicels from cooking liquor end process water
reuse are the two importent efforts in the conservetion end pollution
control in this industry end the other efforts sre recovery of by-
products from spent liquor end berk.

The present ststus of recovery technology in this industry is
shown in Figure 7.

Cooking liquor recovery was developed in order to reduce the
cast for cooking chemicals end reduce the weste water load being
discharged to streem. In the Kraft process of pulping, economic
considerations dictate recovery and reuse of chemicals and, there-
fore, streem pollution from Kraft operation is less prevalent when
compared to other types of pulping.

In the modern technology, liquor recovery system is an essentisl
part of the pulping process and the recovery technique is different
with each type of pulping method.

1.

Kreft Liquor

A major pert of the chemicels in the spent cooking liquor
(black liquor) is usuaelly recovered in a series of
operations: eveporetion, burning end ceusticizing. The
dissolved organic residues from the wood resins csn be used
for heat and power generation. Some soda is lost in the
weshing operation end, therefore, selt cake is added to

the recovered liquor.

Sulfite Liquor

Sulfite liquor recovery techniques are more complex &nd
difficult then those employed in the sulfate system. 1In
fact, the feasibility of liquor recovery is dependent on
the bese involved in the sulfite liquor. It is generelly
conceded that recovery is not practicel with the cslcium
bese. When & magnesium bese is used, the spent liquor is
evaporated and burned and chemicals recovered for reuse.
However, for the sodium base, it is possible to recover the
inorganic chemicels with e fairly complex process. Spent
chemicels from the ammonium base sulfite pulping process cen
only be pertially recovered but the process does not eppear
economicelly promising.

Numerous products including Toruls yeast and alcohols ere
produced from weste sulfite liquor by fermentation. Phenol
mey be produced by pyrolysis, venillin by lime eddition,
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while scetic scid, formic scid, dimethyl sulfoxide (DMSO)
end lignosulfonetes ere recoversble directly.

3. Semi-chemical Liquor

Liquor recovery in the NSSC (Neutrel Sulfite Semi Chemicel)
process is practiced in some independent NSSC pulp nills
using & compliceted cerbonestion method. In the integrated
semi-chemicel Kraeft mills, the recovery system is slso
integreted. The 'cross recovery" method is besed on the
sodium end sulfur velues in the NSSC liquor thst cen be used
as chemicel meke-up in plsce of sslt ceke. The NSSC spent
liguor cen be combined with Kraft liquor for evaporstion and
combustion but the NSSC cooking liquor has to be made from
fresh chemicsls.,

The KSC spent liquor is recovered in the sesme process that is
used in & reguler Kreft pulping process.

Large guesntities of water ere essentiel in the pulp and psper
manufecturing processes such &s pulp processing, weshing, dissolving
or mixing the various loeding, sizing, and color ingredients, end
cerrying the fibers through the screens snd refiners to the paper-
meking mechine. Weter is elso used to convey by-products esnd undesir-
eble westes and to generete power end steem. The meximum reuse of
water becomes one of the besic epproaches in the effective reduction
of waste weter quantities.

There sre definite limits in the smount of mill weter which can
effectively be recleimed end reused. Fresh weter hes to be sdded in
certain operstions to prevent the build-up of undesireble dissolved
solids, temperstures, end slime from bacterie &nd fungi growth.

Eech mill hes its own epproech on how best to reuse water in the
various operstions. However, the following process weters sre most
frequently collected end reused:

l. Weter from the log flumes snd berkers.

2. Eveporstor condensate from the liquor recovery srea.

3. Bleach plent washer filtrete.

4. White water from the psper mechine.

5. Washer water from cosrse screens.

An eccepted practice is the reuse of weste water in wood hendling
end storage such &s in the log flumes, hot pond, hydraulic or wet drum



debarker, and for the showers prior to chipping. For these epplice-
tions, hested effluents discherged from eveporetors, bleach plent,

or peper mechine sre preferred becsuse the heet increeses berk removsl
efficiency. Recycling barker effluent, which hes been cleened &nd
screened, is a widely practiced weter reuse procedure.

In the pulp mill, the wsste weater from the digester usuelly con-
tsins the spent cooking liquor eand the condensete from the digester
heat exchsnger. If the cooking liquor is recovereble, the water is
eveporsted &nd collected es condensete while chemicels ere recovered
for reuse. The condensste collected is used in steem generetion,
es scrubber weter for flue ges or in the brown stock weshing process.

In the screening depertment, & large smount of weste effluent meay
be reused as dilution weter shesd of the screening end cleening opere-
tion. However, since the waeshing operstion is intended to remove the
cooking liquor from the pulp, ecocnomics dictete thet & considersble
amount of the conteminasted wash weter be displeced by meke-up waeter
since this reduces the pulp's chlorine demand in & later operetion and
slso prevents the build-up of dissolved solids which csuse selting out
and foeming on the screens. The necessary meke-up weter is obteined
by reusing the pulp mill condensete, condenser cooling weter, psper
mechine white water and certein bleach plent filtrastes.

In the Kreft chemicel recovery process, weter c&n be reused in
the following operstions:

l. Dregs weshing.

2. Green liguor dilution.

3. Lime sleking, lime mud weshing and lime kiln scrubbing.
4., White liquor filter beck washing.

5. Scrubbing of flue gases.

The primary source of weter to be reused in these processes is
the evaporstor condensate.

In the sulfite chemicel recovery process, the evaporstor condene
sete is used to dilute the sode &sh from the furnece asnd to scrub the
flue geses when recovering SOZ' The weshing of the blesched pulp and
removel of the residue lignin requires e lerge emount of weter. The
weste waters genereted contein e large smount of color end have s
tendency to foem requiring fresh water meke-up. The smount of fresh
water meke-up required cen be reduced by employing the following water
reuse techniques:

1. The use of wesher filtrete for dilution of stock leaving
the bleeching towers.



2. The use of excess washer seal box weters in the preceding
sesl box washing cycle.

3. The use of white water end excess cooling weter to dilute
the finished bleached pulp.

4. The use of digester condensate for shower water, bleaching
tower dilution water and known stock dilution wster.

The estimated percentage of the totel process water reused in
the psper and pulp industry is in the range of 63 - 73%.

The instealletion of save-alls in peper mills to recover fiber
permits the reuse of treested water. VWhen & disk filter is employed,
the cloudy filtrete is returned to the pulpers as make-up water and
the clear filtrate is used for meny purposes. The overflow is dis-
charged to the sewer. The use of flotation save-all slso results in
e similar operation. A simplified scheme of two pulp snd fiber
recovery systems in & peperboasrd mill is shown in Figure 8.

Reverse osmosis is finding its potential use for the recovery of
deminerslized weter and concentrating the solutes from pulp mill
effluents.

Deinking sludge solids contein 50 « 75% clay and these are
particulerly useful in the following applicetions:

l. Light-weight eggregeate for building blocks.

2., Filler for esphalt tile and liquid emulsions.

3. Filler for fiberboard end other lined board.

4, Filler for paper, rubber snd other manufacturing materisls.

Recovery of lime at ® recovery rate &s high a&s_97% from causti-
cizing operations in the Kraft wood-pulping process has been practiced
with sdvantage. The recovery process consisted of dewatering on
vacuum filters end celcining the concentreted slurry in & 1600° F, kiln.

Severasl orgenic by-products can be and ere being recovered from
the spent cooking liquor resulting from verious types of pulping opera-
tions. They include turpentine, tall oil, yeest, elcohols, dimethyl
sulfoxide, venillin, etc.

Digester relief gases from both sulfate and sulfite pulping
contein significent quantities of turpentine. The turpentine recovery
procedure consists of condensing the cooking relief end decanting
the crude oll fractions. The turpentine is used as peint thinners
end in the manufecturing of insecticides. Yields vary from 1.5 to
4,3 gellons/ton of pulp.
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Tell oil is recovered from the black liquor by verious refining
operations end the yields ere 180 - 300 1lb/ton of dry pulp. Tell oil
and its derivetives sre used to meke adhesives, emulsions, disin-
fectants, lubricants, psints and soamp.

Torule yesst is produced from spent sulfite liquor by fermen-
tation. Torule yesst contasins lesrge amounts of proteins and viteamins
end it is used es s food supplement for humens end enimels. Waste
reduction resulting from yesst production is sbout 95% for totsl
solids, 20% for BOD's, and 60% for total waste water volume.

Alcohols ere stteined &s by-products in the fermentetion of spent
sulfite liquor by using specific yeast orgenisms. Ethyl alcohol is
produced es a first-stage product end cen be further processed to
produce glycols, ethyl ecetate, ethylene dichloride end scetaldehyde.

Dimethyl sulfoxide (DMSO) is & valuable compound extracted by e
series of compliceted processes from liquor dissolved in spent cooking
liquor. DMSO cen be used as en antiflsmmetory sgent or es & becteri=-
cide.

Venillin is genereted from the celcium-bese sulfite spent ligquor
by treestment of calcium lignosulphonete with sodium hydroxide under
pressure.

It hes been esteblished thet berk from perticulsr trees cen be
used es & source of a selesble by-product while many types of bark
cen be used directly in the manufacture of roofing felts, thermel
insuletion meteriels end cheep wrespping peaper. By-product utilize-
tion of bark is currently being studied intensively by the industry.

Many other by-products cen be and sre being genersted from the
sulfite spent liquor. These include emulsions for insecticides, scel-
ing inhibitors for boilers, teanning sgents, cement dispersing sgents,
fertilizers, flotstion scids for seperstion of ores, well drilling
lubricents, extenders in storege batteries, reinforcing egents for
rubber, gradients for cersmic industry electropleting end roed binders.

In spite of the numerous fields in which the spent sulfite li-
quor cen be utilized, the emount ectuelly used is very smell. The
prospect of finding an economicel use of weste liquor is questionable
st the present technologiceal level in lerge part because chesper and
better rew meteriels for meking these products are svasilsble.

There ere verious miscellaneous processes and modifications of
conventional processes related to product recovery thet are worth
reporting.

There is ® new process applicabli4to ell acid or slkaline bsse
pulps thet offers substentisl savings™ , The flue ges obtasined by
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burning the concentrsted spent liquor gives up its hest to the incom-
ing dilute spent liquor in direct contect, supplying energy for
evaporation of the dilute liquor. Then the flue ges is scrubbed to
recover chemical vslues (thereby forestelling sir pollution problems)
8s well as additional heet. This method contrests with conventional
processes wherein flue ges heat is used to produce steem and the steem,
in turn, hests the eveporetors. By elimineting the steem boiler and
steem eveporator, the new spproach cuts the required liquor handling
investment by sbout one helf.

Nuclear irredistion of geses produced et Krgft pulp mills was
found successful to mske them less objectionablels; elso, irradistion
of sulfite-mill water pollutents wes found to modify their water
solubility and meke them essier to trest. Similer studies involving
sewage and liquid industrisl westes are being made by the Metropoliten
Senitery District of Chicego.

In the Kreft pulping process, the burning of spent liquor is &
necessery step to recover hest and chemicels. This process relesses
dust end sulfur-bearing geses into the eir. Using & Venturi scrubbing
system~ >, 99% of the dust is removed from flue geses end en improved
oxidetion step grestly reduces the amount of H2S releesed to the
atmosphere,

A new selective hydrogenstion processl7 for pulping wood and
other cellulosic materiels pestented by Pressure Chemical Company
(Pittsburgh) converts more then 90% of the wood feed, including ligne-
ous portions, into usesble pulp. This high rete of conversion hes
other advantages in eddition to minimizing the streem pollution; they
are es follows:

1. Water is used ss & solvent instesed of the orgenics.

2. The orgeno metsllics used for cetelysis cen be recovered
end recycled.

3. Hydrogen consumption is low beceuse there is no epprecisble
clesvege of cerbon bond.

The limitetions of this process esre that the dry pulp produced
has to be bleached end cennot be fed directly to &n ordinery Fourdrinier
peper-meking machine.

A radicslly new processla, ""Holopulping', developed by the
Institute of Psper Chemistry (IPC), sleshes the cost of chemicels to
pulpers by two-thirds end incresses the yield by 20 to 30%. It elimi-
netes the use of sulfur and regenerstes its besic pulping chemicals
end, compared to the Kraft process, grestly reduces pollution. Holo-
pulping is & selective delignification process and the process is
shown in Figure 9.
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The other msjor features sre:

1. Chemical regenerstion and recycle is relatively simple.
The pulping and bleeching liquors sre of similer chemical
nature snd they can be treated in & single stresm. Also,
the recovery of products is generslly very efficient and
the products can be used in the pulping operations.

2. Streem pollution is kept at & minimum by countercurrent
washing. The remsining calcium sludge weste is disposed
of without ceusing harmful effects. Air pollution is
greetly reduced beceause the orgenic materials are burned
and few odorous compounds are formed.

3. The process msy mesn & loss of markets for the chemicel
industries but the advantage of holopulping is in the con-
servetion of forest resources and netural environments by
producing more pulp with & smaller amount of chemicels at
the expense of electric energy.

In e herd-boerd milllg, the soluble suger in the pulp wesher
weter is concentreted in eveporetors in steges to recover "Mssonex" -
e molasses type cettle feed - 88 & by-product. This product is seid
to hsve & worldwide merket ss & food supplement carbohydreste or
pellet binder.

The fluidized bed processing hes been epplied to spent sulfite
liquor combustion by Dorr-Oliver O and wes found to present an economi.
cel solution to both waster snd sir pollution ebestement by converting
the spent liquor to & grenular inorgenic solid snd a cleen, dust free,
odorless exhsust ges. In most ceses, complete or pertial chemical
recovery is possible or & seleable product is produced so thet the
opereting costs essocisted with the operstion can be offset. Even
more sttractive is the fact thst when chemicel recovery is coupled
with other recovery devices, as high and low level heet recovery,
return on investment becomes &an stteinsble ssset.

Hydrogenation of waste liquor contsining lignin yields & multi-
tude of products l, but only phenol offers en ettractive combination
of price end merket volume. The solids concentration is 10% by
weight end is concentrated to 50% before feeding the liquor to the
hydrogenetion lignin reasctor. The products from orgenic lignin ere
as follows:

Products Yield, % by wt. of orgenic lignin
Cs - hydrocserbons 19.5
Neutrels 14.0
Phenols 37 .5
Catechols 8.7
Bottoms 2.4
Water &nd others 23.6
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The neutral snd orgenic liquid products are given & by-product
velue of l¢/pound. Additionsl credits are aveilsble from the con-
version of sugers. The bottom material is given & value of 21l¢
per million BTU, 2 very low velue for fuel. The recovered ammonis
is valued at $30/ton.

Hydrogenation cen be effectively used for the blesching of wood
pulp and conversion of cellulosic structures to poly-hydroxyl orgasnic
compounds of lower molecular weight by hydrocracking seems en in-
triguing possibility.

Table I summarizes by-product recovery in the pulp and paper
mill industries.
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TABLE I

BY.PRODUCT RECOVERY IN THE

PULP AND PAPER MILL INDUSTRIES

By-Product Recovery

Diminution
of Pollu-
tionel Load

1%
2%
95%
95%
20=-70%

90%
7C%

1%
90%

4%
1%

10%

Value =
Recovered
Process By-Product Quentity Products
Kreft Turpentine 1,5-4.3 gel/ton $0.20-0.40/ton
Tell oil 180-300 lbs/ton $9-15/ton
Lime 2.0 tons/ton $40/ton
Soda esh 1.5 tons/ton S40/ton
Fiber recovery Not relevant
Sulfite Torula yesst 500 lbs/ton $25/ton
Verious elcohols
Lignosulphonates 1500 1bs/ton -—-
DMSO S10/ton
Venillin 500 1lbs/ton 540/ ton
Phenol
Acetic ecid 30 1bs/ton 53/ton
Formic ecid 8 1bs/ton 50.80/ton
Fiber recovery Not relevent
NSSC See Kreft and Sulfite Processing
Debsrking
operations Bark 100 1lbs/ton 5100/ton
Holo-
pulping Sodium hydroxide Quentities not confirmed in full test.
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STEEL INDUSTRY

The disposel of weste pickle liquor is & mesjor problem that hes
been plaguing the steel industry. The steel companies frequently find
it costs almost as much to dispose of the waste es it does to buy
the ecid.

There are verious methods for treatment, disposesl and product
recovery for pickle liquors such es lime neutrelization, evaporetion-
crystallization, controlled neutrelizetion, electrolysis and dislysis.
Lime neutralization, though very commonly used, is en expensive method
without any product recovery. When evaporsation-crystallizetion is
practiced, only free acid smounting to helf the requirement for pick-
ling is recovered. Further, even though the cost of evaporetion-
crystallization is not excessive, the disposal of ferrous sulfeate
(FeSO,) poses further problems because of its inadequete mearket.
Electrolytic schemes for complete acid recovery end pleting metallic
iron are being used with adventage.

Controlled neutralization with lime (duPont process) produces a
smaeller volume of sludge and easy to dewater solids?2, Magnetic iron
oxide formed is eessily recoversble &nd crystelline gypsum mey be used
for wallboard or cement manufacture. If local conditions do not
justify recovery, solids may be piled as lend fill.

Recovery of sulfuric ecid end iron from waste pickle liquor in
the steel industry has been technicelly proved fessible in the
Ruthner process“”, This recovery system is & non-paying one with
high investment. Rossting of ferrous sulfete monchydrate (crystel-
lized from pickle liguor) with cerbon and sir to produce iron oxide
and sulfur dioxide has been proposed. On & lasrge scale, this system
eppeared more economicsl than the Ruthner process. The scid produced
here would be shipped back to the steel mills or other customers.
Iron oxide, to be of velue, would have to be sintered snd shipped
beck to the mills. Sulfuric scid recovered is the only significent
credit here end recovery of iron in e resdy-to-melt form, rether thean
iron oxide, is very desirable.

Severel electrolytic schemes hsve been proposed in the past to
plete metellic iron from weste pickle liquor and one such scheme with
high efficiency of iron pleting end ecid formetion is shown in
Figure 10.

Evaporation-crystallization has been used in producing ferrous
sulfate crystals and the flow sheet is shown in Figure 1ll1. Weste
pickle liquor is eveporated st 160° F. and ferrous sulfate is then
crystsllized in & vecuum crystallizer and cooled down to 30° F. The
crystsls ere seperated from the mother liquor by centrifugation.

The mother liquor is diluted to 25% acid, thereby reducing the
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residuel ferrous sulfate to 4.5% and this solution is returned to
pickling.

Dielysis, & seperetion process utilizing diffusion_ss its driving
force, may be used for the economicel recovery of ecids®®. 1In the
viscose reyon industry, dielysis provided the meens for recovering
the bulk of the wasted cesustic sode. About 0.85 pounds of caustic
were recovered per pound of raesyon produced, sufficient to have & real
effect on the production cost. Recovery of sulfuric ecid was done in
two copper refineries on full scele plent units. The economic feasi-
bility of dielysis for steinless steel pickle baths hes slso been
proven.

Dielysis is & simple unit operetion requiring & minimum of opera=-
tor ettention. The operating cost is elwmost nil es no power or chemical
is used. However, it should be noted that dislysis alone will not
resolve & wasste treatment problem, but its role to remove raw materiels
and to reduce plent weste is significent. Some acid systems msy allow
recovery of es much as 70 or 75% of currently wested ecid, but even
recovery of es little as 20% of the wested ecid may justify the process
from the economicel point of view.

The pickling of steel in the United Stetes is predominantly done
with sulfuric scid. The &cid used is consumed snd produces & waeste
pickle liquor which is both uneconomicel and extremely difficult to
regenerete., The weste pickle liquor is normelly neutrslized end/or
dumped. This method of disposel is becoming more and more difficult
to pursue. A precticel enswer to this problem is the use of hydro-
chloric ecid insteed of sulfuric in the pickling operetion. Mejor
steel strip menufecturers in the United Stetes hsve slreedy sterted
the trend®> towerd hydrochloric escid due to the following ressons:

1. Hydrochloric scid prices are dropping while sulfuric ecid
prices sre rising.

2. Hydrochloric ecid pickling is faster and produces & better
quality product.

3. Most importently, hydrochloric ecid weste pickle liquor can
be end is being regenersted economicselly.

Switching to hydrochloric ecid is not precticel in the open-bstch
pickling of wire, pipe and plate due to the production of corrosive
vepor. In the continuous strip pickling operstions where hoods =3nd
ventiletion systems sre provided, the switching is relatively easy.
The vapor problem has been svoided in Burcope by using enclosed tunnel
and Ottocleve picklers.,

The hendling of spent pickle liquor is done by the Turbulator
processZ6. The turbulastor process simply reverses the reaction that
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occurs in the pickling bsth end, thereby, regenerating the hydro-
chloric acid and iron oxide consumed in operetion.

2Fe0 + 4HC1 =-weew--- -===e--p2FeCly + 2HZ0
2FeClp + 0 + % O ----- »Fep03 + 4HC1

The pickling-regeneration cycle can elso be symbolized &s shown
in Figure 12.

Theoreticelly, all the hydrochloric acid is recovered in this
cyclical system. In practice, however, some loss does occur in the
pickling end regeneretion process which mekes it necessary to edd s
smaell amount of fresh acid to the pickling system. The sdvantsges
of the turbulator process are &s follows:

l. High resction rates resulting in smell space requirements.

2. High opereting flexibility in very short stert-up end
shut~down times.

3. Low meintenance requirements.
4. A system that cen point to actuel operasting plants.

In & process developed by Interleske Steel Company--duPont27,
waste hydrochloric ecid pickle liquor is neutreslized and discherged
rather then regenerated. In the process treating 1l million gallons
per year of ecid waste, pickle liquor (spent HC1, FeCl, end water) is
neutrelized by edding lime and ferrous hydroxide [Fe(OH)é] eand celcium
chloride (CeClj,) are formed. The ferrous hydroxide is oxidized to
magnetite (Fe3Oy) end sepersted from week celcium chloride solution,
sintered and returned to furnace. Recovery will be 5000 ton/yeer from
waste liquor. Celcium chloride is usually diluted and discherged into
sewers or natural waters but it could be recovered by concentretion.

. Because of the relastionship between hydrochloric ecid, pickling
end regeneration as & natural complement to the other, it is believed
thet the use of hydrogen chloride in the pickling operation will play
e large part in the future?7, Presently in the United Stetes, Dravo
Corporation eccomplishes hydrogen chloride regeneration in a spray
roaster and in Germany, Lurgi hes developed a fluid bed acid regenera-
tion process.

The elimination of phenol (CgHsOH) from coke plant ammonia liquor
has been & problem of major concern to the steel industry. Solvent
extrsction process wes found to have possibilities of attaining the
adventages such as high efficiency, operating charges ss low s possi-
ble and lowest investment. In the solvent extraction process“", rew
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smmonia liquor is contescted countercurrently with e solvent, such es
light oil, readily available in the coke plent. The solvent removes
the phenol end, in turn, is trested with & ceustic sods solution for
extraction of phenol as sodium phenoclate (CgH5-ONe), end then the
solvent is recycled. The ceustic concentration greetly influenced the
percentage of eliminstion of phenol from the liquor. The more dilute
caustic used, the better the phenol elimination. A phenolete of reeson-
able concentration must be produced to be saleable. This wes achieved
by employing two streems of ceustic of different strengths es feeds

to the reactor; the desired elimination of phenol end cencentrstion

of product could be obtained. The removel efficiency for phenol wes
reported to be about 98%. Ammonium sulfate is regulerly recovered
from these waste waters by neutrslizastion with sulfuric ecid and
crystallization of the salt.

A new process developed in Japanzg'turns pyrite (FeSz) cinder into
pellets with a high iron content, suitable for feeding to blast furneces.
This increeses the iron ore requirements as Japen develops only sbout
10% of iron ore requirements domesticelly from sources such s pyrite
floet concentretes. Process economice ere improved by the recovery
end sele of precious metels conteined in the cinder. Gas produced is
treated by a wet system to recover Cu, Zn, Au, Ag and Pb. Other
main features include:

1. Purificetion end pelletizing are done simulteneously.

2. The removal rates of copper, zinc snd bismuth are higher
than the conventional chlordizing, roesting and bleaching
process.

3. Recovery rete for silver, gold is better.
4., Residusl sulfur dioxide is recovered from the ges as gypsum.

In a gray iron foundry3o, briquetting was precticed to recover
flue dust and mill scele and this process cen be used to seve a
veriety of veluesble waste materiels. In the steel industry, better use
of turnings end borings left over in mill operestions es screp is made
by meking briquettes out of this screp meterial and returning them to
meke more iron.

Table TI summarizes by-product recovery in the iron and steel
industries.
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TABLE IT
BY-PRODUCT RECOVERY IN THE

TRON AND STEEL INDUSTRIES

By-Product Recovery

Diminution
of Pollu-
Process By-Product Quantity Value tional Load
Pickle Iron oxide 25-35 1b/ton $0.10-0.20/ton 100%
liquor Gypsum 40-50 1lb/ton 50.10-0.20/ton 100%
Sulfuric acid 30-40 lb/ton $0.60-0.80/ton 100%
Hydrochloric 30-40 1b/ton $0.60-0.80/ton 100%
ecid
Grey iron Plue dust - -——— 60-80%
foundry Mill scale
Blast fur- Mill scele 25-50 1b/ton 60-80%

nece scrub-
ber waters
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PLATING AND ALLIED INDUSTRIES

The rinse water from plating industry mostly conteins some or
meny of the following conteminents usuelly in intolereble amounts:
hexavelent chromium, sodium cysnide, complex cyenides of the heevy
metels, such &s cadmium, copper, zinc, sometimes silver and gold,
soluble nickel selts, strong minerasl ecids end strong elkelis. Of
these, the most toxic are hexavelent chromium and the cysnide ion.
Aquatic life is slso sensitive to salts of the heeavy metels.

There are severel basic methods of treating this waste for finel
disposel or recovery of products. The oldest is the batch trestment
method. In this method, the rinse waters are collected for trestment
and disposel. The destruction of toxic chemicels is accomplished by
oxidation of the cyenides end reduction of chrome. Chlorine (Cl ) is
used to destroy cyanides (CN) and the chlorineated rinse water ls
pumped into a reduction tenk containing sulfuric acid and & reductent-
like ferrous sulfate (FeSO ), sodium bisulfite (NaHSO,) or sulfur+6
dioxide (SO;). Chromium is reduced from its hexavalent state (Cr )
to trivelent stete (Cr 3) end is precipitated along with metals as
their hydroxides by the addition of lime. The clear water from the
clarifier would be ready for discharge into & sewer and the sludge
is disposed by any convenient method.

Another method of treatment of rinse water is the continuous
flow method. To be effective and fool-proof, this requires excellent
instrumentation to monitor the flow &nd deliver the proper amount of
reactent. Also, such 8 system may not sllow enough reaction time to
ellow slow reections to go to completion.

Where the volume of chromic ecid end sodium or potessium cyenide
used in the industry is great enough, the system of recovery of the
cyenides end chromic ecid by ion-exchenge end eveporetion has obvious
econonic advanteges. However, when the pleting operation is split up
into several small, different operetions involving chrome plsting,
several different kinds of chromating beths STd severel types of
cyanlde beths, this method becomes practicel

Lency's integrated system of treetment of cysnide end chromium
wastes is found to be suiteble for a plsting operation split up into
several operations. The system involves countercurrent rinsing end
the basic adventege of this system is thet the toxic conteminants ere
destroyed before they cen enter into the rinse water, rather then
having to be removed later.

When reclemation of chemicels is desired, ion exchenge plays an
importent role. The rinse waters asre kept separete in the following
categories:

1. Hard chrome rinse waters
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2. Cyesnide rinse wsters contsining silver, gold or sny other
valusable metal.

3. Miscellaneous wastes such as alkaline clesners and ecids.

The hard chrome rinse waters sre passed through & cetion and e
strong base anion exchenger. The contsmineting metels such as copper,
nickel end trivelent chrome ere exchsnged on the cation exchanger,
while the hexsvalent chrome is exchenged on the snion exchanger., Upon
exhaustion of the system, the cetion exchenger is regenerated with an
ecid end the enion exchanger regenersted with casustic sods.

The regenerent effluent from the cetion exchanger can be dis-
charged to & collection chamber for neutrelization. The regenerent
effluent from the anion exchsnger will contein sodium chromate and
some ceustic sods. This meterisl can then be converted to chromic
ecid by psessing back through the cetion exchenger so thet the two
exchengers may be slternsted between service end conversion.

The ion exchsnge system for silver recovery32 would consist of a
strongly ecidic sulfonic cetion exchanger snd s strong base snion
exchanger. The effluent from the system is de-ionized weter and can
be reused in the rinsing operstion. Sodium hydroxide is used as a
regenerant end the regenerent effluent conteins sodium cyanide (NaCH)
end sodium hydroxide (NeOH). This solution is passed downflow through
the exhausted bed of the cetion exchenger. The cstion exchanger efflu-
ent conteins sodium silver cyenide &snd NaCH. This regenerent solution
mey be used in the meke-up of silver bsth. Otherwise, addition of 15%
sodium hypochlorite (NsOCl) solution precipitates the silver as silver
chloride (AgCl) snd destroys the cyenides. The AgCl is recovered and
the supernetent liquid dumped in the sewer, cyenide free. Sodium silver
cyenide can be recovered by this method for & chemicel cost of epproxie
mately 18¢/pound of silver recovered.

The rinse wster frog gold pleting line conteins enough gold to
. 2 . .

meke recovery economicel“”“., The recovery of gold is sccomplished by
pessing the rinse weter through & strong besse snion exchanger of the
hydroxide form. After exhaustion of the resin, the gold is recovered
by burning the resin. The residue remeining is metallic gold. One
cubic foot of anion exchenge resin, when exhsusted with gold cysnide,
contains epproximstely 125 ounces or $4,000 worth of gold.

The rinse weter in the pletinum pleting industry contains platinum
in the form of chlorophetinic ecid. Strongly bssic anion exchanger is
used &end when the resin is sstursted with pletinum, the recovery is
echieved by burning the resin-<,

Nickel mesy be recovered from plating rinse waters by employing e
cstion exchsnge process 2, The effluent from the service cycle of the
hydrogen exchenger cen be pessed through s wesk bese snion exchanger
to obtein deionized wster for plant use. Sulfuric ecid is used for
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regenerstion end the nickel is eluted from the resin &s nickel sul-
fate. The capecity of the cetion resin is 5.0 pounds of nickel per
cubic foot &s nickel sulfate and the chemicel cost for the process
would be 20¢/pound of nickel sulfete recovered.

Brightening of eluminum is done by the use of concentrated
phosphoric scid (H3PO4) end e smell emount of nitric ecid (HNO3).
Rinse water from this operetion conteins aluminum and dilute H3PO4.
It is estimated in en industry in I11inois33 thet two to three
million pounds of H3PO4 were lost eech year. Cation exchenger was

used to remove aluminum and the aluminum-free solution is eveporeted
in 2 multiple effect eveporator to obtein concentreted H3PO4q (85%)

and good quality condensate. The recovery of H3PO4 in this industry

provided a net savings of $8100/month sbove the operating expenses.
Dialysis has also been studied in the recovery process,

In the film processing industry, tons of vsluable metels go down
the drein end recovery of silver slone could effect large sasvings.
Some private laborestories, like those processing TV film, do recover
silver but, in many cases, the quantities et sny one location ere very
seldom large enough to warrant recovery measures. However, the
Generel Services Administration end Buresu of Budget eare looking into
the feasibility of & recovery system for government generated waste
silver solutions?. Teble IIT summarizes by=-product recovery in the
plating and allied industries.

27



TABLE ITI

BY-PRODUCT RECOVERY IN PLATING AND ALLIED INDUSTRIES

By-Product Recovery

Concentreation Diminution
Range Value of Pollu=
Process By-Product (mg/1) ($/1000 gel.) tional Load
Rinse waters Nickel 150-900 0.80-7.00 80-100%
Copper 2-20 0.01-0.10 80-100%
100-500 0.60-3.00 80-100%
Zinc 70-350 0.40-2.40 80-100%
Silver 50-250 1.60-9.00 80-100%
Chromium 400-2000 3.20-15,00 80-100%
Cadmium 50-250 1.20-6.00 80-100%
(Cu) 40-250 0.20-1.20 80-100%
Bress (Zn) 10-60 0.20-1.20 80-100%
Tin 100-600 0.80-4.80 B80=100%
Gold
Platinum
Aluminum Phosphoric 10% $4,000 80-1000%
bright dip scid
Film Silver 80-100%

processing
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MINING INDUSTRY

Acid mine weter results from the exposure of sulfur snd iron-
bearing materisels to processes of erosion end weathering. The drainage
is generslly acidic and conteins sulfuric acid, ferrous, ferric, slumi-
num and mengaenese selts. In addition, the mine dreinage may contein
calcium, magnesium eand sodium salts, cerbon dioxide end silicic ecid.
The volumes of cosl mine dreineges encountered range from a few
hundred thousend gallons/day to severasl tens of millions of gallons per
day. An estimate of the magnitude of the problem in the United
States is that four million tons of sulfuric acid equivelent per
yeer is being discherged to inlend weter courses. The regulatory
sgencies, in an attempt to control mine drainege, usually stipulate
that the discharge should be slkasline with & pH range of 6.0 to 9.0
and a maximum iron content of 7 mg/l.

Recovery of sulfuric scid hes been proved uneconomicsl and,
therefore, there hasve been many processes reported for the trestment
and dispossl of acid mine dreinege. These cen be considered as three
classes for convenience:

1. Lime neutrelizstion process
- 2. Unorthodox or mlternative processes
3. Limestone neutralization processes

The principle of these processes is thet lime or other strong
elkali is mixed with the acid mine dreinage to neutralize the ecids
and to precipitete the conteminsting metal selts which can be sepere-
ted by sedimentation. However, the sludge formed hss & high weter
content and presents & difficult disposal problem.

The ecid mine dreinage has been treated in many cases by lime to
produce water for coal preperation plants and dust suppression pur=-
poses. The costs of treatment reported in one case was $1.09/1000 36
gellons, equivalent to a cost of 5.2¢/short ton of the coal produced” .
As seen from this cost figure, lime neutrslizstion processes are not
economicel, even though in some specific cases they may prove economi-
cel. Attempts to prepsre merketable by-products such as rouge from
ecid mine drainege have been made without any success. Use of organo-
metallic compounds for the production of pigments from ecid mine
drainesge have slso been reported37. The possibility of distillstion
snd reverse osmosis processes hsve been discussed but the costs are
prohibitivess. In summary, it cean be seid that none of the alternative
processes has yet been shown to be cheaper than the lime process for
generel epplication, but it is possible that processes which leed to
the recovery of potable water might be commercially vieble in districts
which are particulerly short of water.

29



Limestone neutrealizetion has found wide spplicetion in the neu-
tralization of ecid westes other thsn those conteining iron and other
precipitable sslts. Also, reegent inactivetion is e preoblem when
these salts ere present. It mey sppear thet the main sdvantage of
using limestone would be the low cost of the reagent, but the fact
of the matter lies in the seperation &nd dewatering of the sludge of
precipitated conteminents. Also, i1f an suxilisry process could be
developed for the removel of ferrous selts, the use of limestone
would be very effective. Biochemicel oxidetion of ferrous selts in
ecid solution sppesred to be the only prscticel method end & new
process using this technique wes developed in Englend. Flow disgrem
of such & process is shown in Figure 13.

This new process has some limitetions such ses:

1. The concentretion of dissolved iron and totel acidity es
calcium cerbonete should be et least 10 end 25 mg/1,

respectively.
2. The SO, concentration should not exceed 5000 mg/1l.

3. The extreme tempersture limits for the process sre expected
to be O to 35° C., with e preferred working renge of 5 to 25° C,

4. Manganese salts cennot be removed.

However, it seems possible that over hslf of the scid cosl mine
drainaeges of the United States could be purified by this process. The
cost of treetment employing biochemicel oxidetion end limestone neu-
tralizetion is reported ss 33¢/1000 gellons send for the lime process,
it is 53¢/1000 gellons. For most contaminsted ecid mine draineges,
the conventionsl lime process would be more epplicsble.

In en exceptionel cese, disposel of mine wster from & mine of
Bethlehem Mines Corporstion, Pennsylvanis 9, hes been masde profitsble.
Mine water was used &s the cleesning medium for raw cosl extracted
from the mine. Raw coel hed sbout 30% CaCO3 end MgCO3 end provided
more than enough alkalinity to neutrslize the scidic mine waste. The
pH of the weste weter was reised from 3 to 7 end iron content was re-
duced from 551 mg/l to 0.1 mg/l renge. The quelity of water was,
thus, well within the locel limitetions end e possible financisl lis-
bility of tresting the scid mine discharge hes been converted into an

agset.

Leaching solutions from copper ore waste dumps4o mey be not only
s profiteble source of copper but also of uranium. The solutions pick
up both meteals &s they percolate through piles of copper mine weaste.
A study by the U.S. Bureesu of Mines' Metallurgy Research Center at
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Selt Leke City, Uteh, hes shown thet economic recovery of both
copper and urenium is fessible by ion exchenge. The recovered
uranium concentrstes are pure enough to meet government specifi-
cations end sre elso suitable for nucleer power industry. It is
estimated thet an annuel supply up to 1000 tons of ursnium oxide
could be assured by spplying this process to ell domestic copper
leaching solution contsining urenium compound.

Kennecott Copper Corporation41 haes developed s process for re-
covery of copper from mine teilings vie precipitstion process. The
process is simple snd works ss follows: wsater thet hes percolsted
through the dump goes into & cone of precipitetor filled with iron.
In & reection known &s cementing, the iron goes into solution and
copper precipitetes. The red precipitete conteining 80% copper is
used es smelter feed and the weter recirculeted to the dump. This
process hes increesed the production considersbly (e fector of 2 to
3) becsuse the yield from mine teilings dumps is neerly &s much as
the mine itself,

A hydrometellurgicsl process42 hes been used to recover nickel
from sulfide ore concentrastes. This process is essentielly an smmonia-
leach hydrogen reduction process esnd hes the sdventage of lessening
eir pollution problems becsuse sulfur is not emitted, but rather is
recovered as ammonium sulfate fertilizer. In the process, smmonis
solution extracts Cu, Ni, and Co from mine concentreates conteining
Ni (10%), Cu (2%), Co (0.4%), Fe (30%) end S (30%). Nickel &nd co=-
balt are extracted from solution together by trestment with H3S.
Nickel and cobalt sulfide precipitates ere filtered &and processed
seperately for recovery. The remeining solution conteins diemmonium
sulfete (NHg),SO4 end it is recovered by eveporation. The product

processed is 40 tons/dey Ni, and by-products recovered per dey are
3000 pounds Co &snd 300 tons (NH4),S04.

In the coel mines, coel fines of the =48 or -100 mesh fraction
of the cosel produced ere being sent to settling ponds or sold st a
low cost for resson of quelity. Flotstion process hes been demon-
streted?3 to increese the plent reelizetion of fine cosl successfully
beceuse of its low cost, eesy sdeptebility end little supervision.
Cleer water cen be reused in the plsnt.

Molybdenum oxide ores sre generslly discerded es plant westes,
A new process?4 developed spplies scid lesching, charcoel edsorption,
emmonistion end celcining to slime frections of sulfide end oxid:
molybdenum ores. A production output of 1.5 pounds of molybdic oxide
(MoO3) wes schieved for every ton of ore fed.

There is & progrem under wey on the use of wesstes from zinc min-
ing end milling for steel-meking industries st the University of
Wisconsin sponsored by the U.S. Buresu of Mines?5. The wastes sre 8
possible source of burnt dolomitic lime (useful as a flux in steel
meking), iron oxide sinter for blest furnaces end elementsl sulfur.
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COAL BY-PRODUCTS

Coke &nd Gss Industry

Substentiel by-product recovery is practiced in this industry
snd the by-products from gesseous coke-oven effluents include:
emmonium sulfate, coel tsrs and oils, snd cosel gas46’47’

Phenolic-conteining liquors are s significent dispossl problem
since they impeir the teste of the receiving weters, especislly if
chlorineted. Destructive dephenolizetion processes, biologicel and
chemicel oxidetion were found to be unsuitesvie due to their high opere-
ting and cepitel costs, especially with the phenolic concentration.
Recovery of phenol from the liquors solved the problem of pollution
control in addition to providing credit becsuse of the velue of phenol.
Solvent extrection (with benzene), activeted cerbon edsorption, stesm
stripping, end ion exchenge heve been employed to recover phenol from
the liquors. In & tsr distillstion plent, Detroit, Michigsen, Allied
Chemiceal Corporation4 recovered phenol from & weste streem contein-
ing 3000 to 10,000 mg/l phenolics end the effluent phenol concentration
was brought down to less thsn 10 mg/l et solvent to waste retio of
1 to 1 or less. The solvents used were resdily produced st the
distillaetion plant without sny equipment chenges end this resulted in
economic end efficient weste weter dephenolizsetion. Also, ceustic
sode wes used to regenerete the solvent rether then distillstion.

Phenol?? hes been recovered by distilletion by the Koppers pro-
cess end the Heffner-Tiddy process, extraction with benzene &nd
trichloroethylene end adsorption by activated cerbon. Ammonium sul-
fate end emmonie sre usuelly recovered by neutrelizetion followed by
crystallizetion of the selt end filtration.

It is importsnt to note thet & wide variety of cyclic end sro-
metic organics such ss benzene, cresols, xylenes snd nsphthslenes
ere produced in coke ovens and sre condensed from the ges stream.
This production hss formed the basis of the cosl-based chemicsl in-
dustry for many yeers before the esdvent of the petrochemicsl-based
industry of today.

Flue Gas Trestment

Sulfur and nitrogen oxides in geseous effluents ere & problem for
the electric utility, sulfuric ecid, fertilizer, metallurgicel, &nd
pulp industries. SO, is generally recovered bty wet scrubbing while
sulfuric plents cetalyticelly oxidize any SOZ in the effluent to S04
end recover HzS504 by wet scrubbing. There sre & number of processes
thet sre used for recovery of sulfur oxides, ss follows:

1. Simon-Carves-Cominco process, besed on wet scrubbing
with smmoniscel solution to produce smmonium sulfete and
either sulfur or SO,.
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2. The soda esh - zinc oxide process, based on wet scrubbing
with 8 sode ssh solution thet is regenersted with Zn(NO3),
end lime with the production of SO5.

3. The mangenese oxide process, bssed on wet scrubbing with &
mengenese dioxide solution to produce SO,.

4, Wet oxidetion, besed on the oxidetion of SO, to SO3 using
ozone in & mengsnese sulfete solution. MnSO4 is oxidized
with sir end smmonis to regenerste mangenous dioxide and
to form (NHy),SO4 for sele as e by-product.

5. The sdsorption processes, besed on the use of sctivsted cher
in weter (Peuling), multi-bed cher sdsorption (Reinluft),
ectiveted cher pipeline contector (Centrel Electricity
Resesrch Lebs, Leatherheed, Englend, end USPHS), end elks-
lized slumine (U.S. Buresu of Mines end Centrel Electricity
Resesrch Labs).

Flue ges from power stetions ere used ss hest source snd nutrient
supply for production of chlorellz?0, Chlorells, rich in protein and
vitemins, is used to upgrade snimel feeder. Electric utility industry51,
in burning 281 million tons of bituminous coesl to generate sbout 65%
of United States' total stesm electric output, yields sbout 20 million
tons of fly ssh. About 10% of this fly esh is sold commercielly
leaving sbout 18 million tons of wsstes to be dumped et costs renging
from 50¢ to $2/ton. Utilizetion of fly ssh by the United States is
poor compered to Western Europesn countries. Fly ash could be used
es a prime constituent and edditive for construction meterisls. Fly
esh mekes concrete stronger asnd less vulnerable to freezing tempers-
ture. Fly esh cen be used ss & soil stsbilizer &end ss e clerifying
sgent in weste weter trestment plents snd as & sludge conditioner.

In the Kreft pulping process, the burning of spent liquor is
precticed to recover heast end chemicels. This prectice releases dust
aend sulfur-besring geses into the eir. A venturi scrubbing system
removes 99% of the dust end the emount of HyS releesed to the atmos-
phere is reduced to = greet extent by en improved oxidation step.

In the power plents end industrisl boilers, Cat-Ox process53 is
used to remove 100% fly esh and recover high strength sulfuric acid
(HpSQq) for ssle. The process flow sheet is shown in Figure 1k,

. Hot flue gess teken directly from the boiler et 950° F. is first
pessed through & dust removel system, a combination of mechsnicel separs-
tor and electrostetic precipitetor. The ges then goes into & converter
system (Figure 14) where sbout 90% of SO2 is converted to SO3. Flue
ges from converter is cooled end high strength H;SOq is obtesined through
the ebsorption tower. The residusl H2S504 mist contsined in the flue
ges from the sbsorption tower is removed in s mist eliminestor end the
flue gaes free from dust end SO, is let into the stmosphere.

Table IV summarizes by-product recovery in coal by-products industry.
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TABLE IV

BY-PRODUCT RECOVERY IN COAL BY-PRODUCTS INDUSTRY

By-Product Recovery

Diminution
of Pollu-
Process By-Product Quentity Value tional Load
Coke plant Phenol 2 lbs/ton coke $0.20/ton 40%
ammonia Ammonium 24 lbs/ton. coke $1.00/ton 509%
liquor sulfate
Ammonie 8 lbs/ton coke $0.25/ton 50%
Nephthalene
Benzene 20 1bs/ton $2.00/ton 100%
Xylene
Cresols
Flue gas Sulfur
scrubbing Sulfuflc aci 60 1bs/ton of $1.20/ton 80-100%
Ammonium

sulfate coel burnt
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PETROLEUM INDUSTRIES

Petrochemical Industries

Petrochemical industries have been feced with the deeling of
lerge smounts of organic westes in their eerly stages of development.
The reduction of pollutant loasd hes been achieved by using orgenic
wastes as fuel until recovery processes have been developed and a
higher market for recovered chemicals developed. This spproach hes
been followed in the production of almost every large volume petro-
chemical waste.

The more importent recovery methods end products ere presented
below. Hydrogen is used in emmonia production, refinery operetions,
such es hydrotreeting and hydrocracking, and meny other purposes.

Four recovery methods heve so far been reported end the choice depends
upon plant size, locetion, feed composition and hydrogen and use.

l, Wet scrubbing: is used to remove COz end Hp streems in
conventional syntheses-gas plents. Scrubbing solutions include
hot, carbonate-containing equeocus solutions, ethenoclamines,
and high pressure water.

2. Adsorption: 1is used on molecular sieves or activated carbon
to separate hydrogen from hydrocarbons.

3. Cryogenic scrubbing: removes higher boiling impurities by
condensation from low boiling hydrogen (-252.8° C.). This
process is useful where a refrigerant, such as liquid air
or nitrogen is readily eveileble, as in partial oxidetion
synthesis ges plants.

4, Membrane permeation: 1s based on peslladium's selectivity
in passing hydrogen and is used to recover hydrogen from
petroleum effluents.

'Other petrochemical recovery processes:

1. Distilletion: is used to recover chlorinested hydrocerbons
following the chlorination of methane, olefins from the
thermel production of ethylene, acetaldehyde following the
production of vinyl acetste, end solvents from rubber latexes.

2. Crystellizetion: is used to seperate xylene from ethyl benzene.

3. Adsorption: 1s useful for the recovery of carbon disulfide,
cerbon tetrachloride and other solvents.
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4. Extraction: 1is useful for the recovery of isobutylene,
nephthelenes, psrsffins end phenol from & veriety of weastes,
and orgenic dyes ere extracted following edsorption on
fuller's esrth.

5. Ion exchange: reccvers basic amino scids, amines, alkealoids
and orgenic ecids.

6. Oxidation: regenermtes spent csustic.

Petroleum Refineries

The recent trend in the newly constructed petroleum refineries
is full integretion of in-plent procedures end multi-stage weste water
trestment combined with reuse end reclemstion of purified weter,
resulting in considereble progress in pollution esbatement end & drastic
reduction of clesen water intake requirements.

Use of hydrogenstion processes, such e&s hydrosulfurizetion, yields
products low in sulfur end, therefore, require minimum subsequent
treetment. Applicstion of chemicel treatment processes, especially
for ges scrubbing, sllow complete regenerstion end recovery of the
solvent. The smount of spent chemicels requiring trestment and dis-
posel is brought down to & low level by these processes.

Separate collection of weste water is employed in sewer systems
sccording to their subsequent treetment. Efficient pretrestment such
ss evsporetion, stripping of sour weter condensetes &nd equelization
of flow and strength of weste waters sre some of the processes used to
improve product recovery &nd reduce weste load. Treated waste water
is used ss meke-up weter for recirculstion coocling systems. In conse-
quence of these measures, specific water consumption and waste water
discherge per production unit has been in the remerkebly low range of
9 to 22 gsllons/barrel oil processed snd 3 to 8 gallons/barrel of oil
processed, respectively> ™,

There ere many by-products thet could be recovered from petroleum
refining westes, even though ell of them mey not bring economic bene-
fit. Therefore, the concept of by-product recovery is limited to those
materiels which, if recovered, would asccrue some economic benefit, but
not necessarily enough to cover the cost of recovery.

Based on this definition, the mejor by-product is sulfur, which is
recovered from sour waters end from the hydro-tresting process. The
velue reaslized through sulfur recovery is expected to incresse greatly
in the near future, due to the increased demend for low=sulfur fuels
brought on by more stringent urbesn eir pollution controls.

A number of refining process wastes have been recovered or reused
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end they ere as follows:

l. Recovery of H2SO4 from sludges produced in the acid treatment

of oils. Hydrolysis of the sludge produces s dilute (30-60%)
black acid of rather limited utility.

2. Reuse of spent alkylation acid in the treatment of oils and
wexes, with subsequent regeneration in captive or outside
acid plents.

3. Sele of high«phenol waste caustics from treatment of
catalytically crecked naphthas.

4. Use of sprung phenols as refinery fuels. These materials
come from ecid springing of spent ceustics from crecked
naphthes treetment.

5. Use of verious weste aclds in slop oil treatment.
6. Recovery of aluminum chloride from hydrocerbon sludges.

7. Recovery of acid oils by reasction of waste caustics with
acids.

8. Use of boiler feed water trestment sludge in the neutrelizetion
of weaste water.

9. Reuse of treated weste water to supplement normal refinery
water supply.

10. Recovery of ammonia and hydrogen sulfide from sour weater
stripping for use as raw materials in the manufacture of
fertilizer grade emmonium sulfete.

Production of single cell proteins from petroleum has been shown
feasible and the proteins can be used as animal or human feed supple-
ments®°, The price of a 50% protein single cell is estimated at
6 to 8¢/pound end hoped to be competitive as & potentiel animel feed
supplement. For human consumption, the protein could commend e price
in the range of 30 to 40¢/pound. But it is feeared that the cost of
production of proteins is likely to mount up because of the uncertain-
ties involved in additiocnal processing. Another big hurdle will be
probably in marketing or acceptance of such products due to fectors
like flavor, color, appesrance, personel and cultural idiosyncrasies
of consumers.

A $5.6 milléon plant is going into action in 1970 for the commer-

clel production of protein from petroleum. The concept consists
besically of letting microorgenisms grow big in bulk by nourishing
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themselves on hydrocarbons; the bulked product cen be processed for
foodstuff use. About 100 tons of ges oil will be needed to produce
100 tons of protein.

A single stage extraction vessel is used &s & petroleum refiner's
lestest wespon for taking obnoxious phencls out of water from cetalytic
crecker distillaete drums before it is let into the sewer. The ex-
trectant is light cetelytic crecker cycle oil which is subsequently
processed to finished heating oil. Using this principle, Humble 0il
Compeny in Bston Rouge, Louisiene, is sccomplishing & 75% reduction
in phenol.

Aluminum chloride weste results from the petroleum and petro-
chemicel industries, due to the use of eluminum chloride as s cetalyst,
end this cennot be discharged to stresm or municipsl sewer system,
due to its low pH end high dissolved solids. Spent aluminum chloride
is eveilsble in the form of sbout 27% eluminum chloride (32° Be!')
solution. The hsndling &nd disposel of such inorgenic selts ere
troublesome end sre not in the reslm of current economic fessibility.
However, such troublesome products can be used to control or eliminste
other environmentsl problems. One such cese®’ is the use of weste
aluminum chloride solution in the field of weste weter trestment for
effective solids seperstion, phosphate removel end sludge conditioning.
The present estimate is thet some one hundred to two hundred million
pounds/yeer will be sveileble &s 32° Be'solution snd thet more then
90% of it is recovereble. At the current cost of 32¢/pound of elumi-
num, the cost of 27% sluminum chloride solution is estimested at
4.4¢/pound end the totel value of the weste sluminum chloride amounts
to 6.6 million dollers.

Recovery of Oil From %“Weste Wsters

Spills of oil constitute & mejor pollution threst to the water
resources of the naetion. DBoth weter end lend~-bassed facilities are
sources of this denger to our stresms snd rivers. Much demage has
slreedy been done from sccidentel or indiscriminete spillage of crude
0il, petroleum end its by-products. Such spills heve conteminated
weter supplies, killed fish end wild life, creeted fire hezards, and
destroyed or reduced the usege of recreetionel sress.

The msjor sources of oil pollution include: gsesoline service
stetions, oily weste industries, offshore oil end gas operations,
oil tankers snd industriel trensfer snd storege of oils. Cleaning up
en oll-contemineted aree is time consuming, difficult end costly. 1In
sddition, the losses due to destruction of fish end other wild life,
demsge to property, contemination of public weter supplies and eny
number of other materisl and sesthetic losses are involved. These
losses mey be very greet and extend for months or years, sometimes
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for decades, depending on the quentities and kinds of oil involved.

It is estimated that ebout 350 million gellons of used motor
oil must be disposed of annuelly by the more then 210,000 gesoline
filling stations. These stations are the key suppliers of used oil
re-refiners. Re-refined oils are used in rsilroad journels, to
freeze-proof coal, es dust control for rurel roads and es motor oils
end industrial lubricents. In the recent years, more than hslf of
the re-refiners have gone out of business due to changes in lebeling
requirements and In the tex laws. Also re-refining has now become s
merginal business. As the demend for used oil for re-refining dimin-
ishes, more of the waste o0il will be disposed in other weys leeding to
pollution of naturel weter courses. Therefore, it is imperative, st
this stage, that proper measures should be developed to provide in-
centives to collect and reuse these oils rather than disposing of
them. The disposal of waste minerel oils and greeses, such as those
from garage and filling stetions, to sewer systems are being prohibited
by -ordinance due to the treatment problems end their flemmebility end
potential explosive hazerd.

There ere about 10,000 industriel plents in this country heaving
significent quantities of oil in their westes. Technology is now
aveileble to cope with wastes heving either floating or emulsified
oil. The more or less standeard procedure of removing floesting oil is
with API separator. The performence of API separator is limited to
the separstion of sclids and immiscible liquids which are susceptible
to gravity sepsretion. Steble emulsions end substences in solution
cennot be sepearated by gravity differentiel principle. The use of
Hy;S04 for pH control end eluminum sulfate for floc formation is preac-
ticed for removal of soluble oil in metal-working plants. The skimmed
oil is sold to an outside concern who reclaims it for various commercisl
uses., For emulsions, strong acid or salt may be used to de-emulsify
and then the oil is separated by conventionel method. Dissolved air
flotstion has also been used for removing the oil and improving the
quality of the separator effluent with the reduction of oil and free
solids content.

The 0il Pollution Act of 1924 and subsequent ammendment in 1966
require that willful or grossly negligent dischargers of oil from e
vessel remove the oil from the navigeble waters end edjoining shore-
lines immediately. To minimize pollution, such as the Torrey Canyon
disaster, clean-up meesures must be teken promptly end these are ex-
pensive. When the responsible parties cennot be identified immediately,
or feil to act expeditiously, the initiation of effective clean up
and recovery of clean-up cost poses & problem due to the present fiscel
and legel difficulties. Some of the leading oll-spill treatments ere
listed 4n’ the sccompenying pages.

A new process developed by Edger Clarkesa,under 8 FWPCA grent, is
said to recover high quelity, fine perticle carbon bleck (valued at
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8 to 12¢/pound) thet used to be e waste product. The process involves
the following steps:

1. dehydrete, neutrelize oil with ceustic sods,
2. dilute with light naphthe &and remove solids,
3. distill, end recycle nsphths,

4. wvacuum distill off products,
5. hest with ectiveted cley; use spent cley for land fill.

Berks Associetes (Douglassville, Pennsylvenie) using Clarke's
process, report that their products obteined by re-refining used lube
0il are fully comperasble to those produced by mejor oil companies and
the cost of producing them is less then the 20 to 22¢/gesllon reported
by the mesjors. There are recovery units in operation renging in size
from 20,000 to 100,000 gellons of lube oil per day. Schofield and
deVries (Toronto) is merketing & process for recovering heeting oils,
end Comprino N.V. (Copenhagen) is planning to build 100,000 gellon/day
units ecross Europe. A 150,000 gellon/dey unit is under planning for
the reprocessing of industriel westes such a&s cutting oils, soluble
oils &nd certein rendering-house fats end oils. The end products
from this new unit will be non-lubricasting oils with e variety of
industriel aspplicstions.

Engine pleants of the Ford Motor Compsny &t Cleveland®® recover and
reuse oil from weste water. The disposal, efficient recovery end
secondsry utilizetion of weste products presented a unique and difficult
challenge to the plents. The output of the 0.8 million gellon/day
weste treetment plents consists of clerified weter, a sludge slurry
snd skim oil, The sludge slurry from the clerifier is transferred to
holding lagoons for disposel. Soluble oil is menufactured from the
recleimed cil following the process shown in the sccompenying flow
disgrem (Figure 15).

The performance of the reconstituted soluble o0il demonstrated
it cennot only metch the performance of the proprietery soluble oils
but elso excel in some quelities such e&s rust protection, non-formastion
of "leopsrd spots", cleanliness ond odorlessness. Thus, the recovery
and reuse of whet was once considered e practicelly worthless waste
product was shown productive and cen bring significent cesh savings.
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SOME LEADING OIL-SPILL TREATMENTS

Developer

Product Neme(s),
Composition Action &

Treatment Level

Unit Ceost &
Estimsted
Cost/Gal.
of 0il
Treatment

Where Used

Alken-Murray
Corp.
New York, N. Y.

American Machine
& Foundry Co.
Stamford, Conn.

American 0il Co.
New York, N.Y.

Cabot Corpe.
Boston, Mess.

Cyprus Mines
Corp.

United Sierra
Div.

Trenton, N. J.

Drew. Chemical
Corp.
Marine Div.
New York, N. Y.

Alken OSD Dispersent, non-
ionic/enionic detergent
mix, in solvent carrier,

emulsifies oil.

Treatment level: 7 to 10%
by volume (higher for
heavy oil in cold seas).

Underwater injection of air

repels o0il, debris & tresh.

0il, ebsorbed in boat-
mounted polyethene foem,

is squeezed out.,

Ceb-0~Sil, silane-trested
silica (collodiasl) acts
es & wick in thicker oil
spills. Treastment level:
1l to 4% by weight.

Mistron Vepor, micronic
talc powder for beach
clean up via agglomeration.
Mistron Z5C, zinc steerate
coated grade designed for

the open sea.

Ameroid 01l Spill Emulsi-
fier #1, wetting and emil~
sifying egents in en oil-
sqoluble liquid.vehicle.

Treatment level:
by volume,
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$3.00/gal.
(25¢)

$2.00/1b.
(25¢)

$3.50 for a
50 1b. beag.

$2.77-3.25/
gal. (10¢)

Offshore dril-
ling rigs; jet
fuel spills;
loading docks
& paper mill
spills.

A Connecticut
beach.

Tests on inland
waters.,

Tests on inlend
& sea waters.

Ocean Eagle
spill.

Torrey Canyon,
General Coloco-
tronis

Ocesn Eegle



SOME LEADING OIL-SPILL TREATMENTS (Continued)

Aberthew, Vales

250% by weight.
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Unit Cost &
Estimated
Product Neme(s) Cost/Gal.
Composition Action & of 0Oil
Developer Treatment Level Treetment Where Used

Economics Lebore- Mix of non-ionic solubili- $2.00-2,58/ General
tory zers &nd dispersents in a gel. (5¢) Colocotronis
Megnus Marine penetreting cerrier.

Div. Treetment level: As low as
New York, N.Y. 1/2% by volume.

Enjey Chemical Corexit 7664, mix of $3.50-4.00/ General Colocow
Corp. proprietery & purchased gel. (10¢) tronis, Esso

Linden, N.J. food-grede emulsifiers. Essen (CapetQWn

Treetment level: As low South Africe) ?
es 1 to 2% by volume.

Guerdisn Chemicel Pyrexon, liquid & powder, $2.90/1b Lsboratory &
Corp. mixed with oil, promotes (10¢) field tests.

Long Islend, N.Y. burning by wicking end

catelytic oil breakdown.
Polycomplex A-ll, used to
disperse unburned oil.
Treetment level: 13 to
25% by volume.

Midlend Silicones Silicone-trested flyssh is 524-36/ton Lagoon near
Ltd. dusted on the spill, sink~ (40¢) Aberthaw
(subsidiary of ing it. Meterisl bio- generating
Albright & chenmicelly degredes on sea station.
Wilson) bottom. Treatment level:
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SLUDGE DISPOSAL AND BY-PRODUCT RECOVERY

Sludge handling and disposel have often been the most trouble=-
some aspect of water end weste weter treetment. Disposel of dried
sludge es & fertilizer or soil conditioner hes been practiced for
meny years. Preservation of organic metter in this feshion hes e
greet appeal to conservationists, but the trend is to elternate meth-
ods of dispossl becesuse of economics. Usuelly, the velue of sludge
as & fertilizer is limited because the nitrogen, phosphoric acid and
potash content is too low. The organic meteriel in sewsge sludge does,
however, meke it & desireble soil conditioner. '

Even though using sludges rether than disposing of them is en
spplaudable concept, weste sludge utilizetion need not necessarily be
profiteble, but it could be 2 meens of reducing sludge dispossl costs.
Among other fsctors, market value of by~product end merketing problems
that may be encountered are of prime importence while evaluesting by-
product recovery. The market plece determines the by-product specifi-
cetions and the specificetions ere rigid involving product purity and
concentrations. The weste sludge processing cost to meet rigid
specifications sre very high and, therefore, industries who hsve
ettempted product recovery concluded thet it is much essier to sell
or give the material to a refiner who essumes responsibility for its
ultimate disposition.

The recovery of vitemin B-l2 from sewege sludge hes been fre-
guently discussed in the litersture becsuse of its velue es & supplement
to animel feeds. Vitemin B-12 hes been successfully recovered from
dried, ggdigested ectiveted sludge in pilot plant studies. Extensive
studies at Milweukee determined thet B-12 is derived, in part, from
rew sewage snd pertly from biologicel synthesis in the ectiveted
sludge seretion tenks. The B-12 production process at Milwaukee
sterted with the dried wmste ectivested sludge (Mil orgenite) and Ton-
centrated liquor was extracted following multiple-effect washing6 .
The liquor wes further concentrated to produce B-1l2. The pilot plant
operetion indiceted 308 pounds of pure vitamin B-12 could be produced
esch yeer from 70,000 tons per yeer sludge supply.

The Metropoliten Sanitery District of Greeter Chicago, in cooperea-~
tion with the University of Illinois, studied the value of heat dried
ectiveted sludge es &n aedditive tc enimel feed®2,63, After feeding
with chicks, pigs, etc., it wes concluded thet sludge wes & success-
ful beneficial mdditive if limited to & smell percentage of the total

enimel feed.

When sewage has s very high greese content and low slkelinity, e
process known es ''Miles Acid Process'" wes found to be very effective
for extrecting greese from raw sewage solids®4,
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In the cese of oil-beering weste weters conteining & complex
mixture of lubriceting oils, cutting oils, end emulsion coolents
which ere either soeps or synthetic detergents, lagooning is the
eccepted practice prior to final disposel of the sludge. However,
by the use of ferric chloride end lime, sludge cen be settled out as
ferric hydroxide. Recovery of iron coagulent has been shown to be
both feasible end economicel®S. The recovery is eccomplished by re-
dissolving the iron hydroxide sludge with 66° Be'! sulfuric scid snd
liberating the ebsorbed oil. The recovered iron coagulent is in its
sulfete form end reused in treating the waste.

It should be noted here thet the cost of disposal is eliminated
by this method in eddition to coegulent recovery. On the basis of &
million gallons of waste water, & net reduction in cost of $274 was
achieved by the recovery method as compared to the conventionel
method.

Within recent years, much interest hes been directed to removal
of phosphate from treeted sewage beceuse of the unsitely and nuisance
growth of algee sttributed to the phosphete content of sewage efflu-
ent. Alum hes been found to be an effective coesgulent and is in
much use by sewage trestment plents. It is anticipsted that research
will be directed to recovery processes of eluminum from the hydrous
sludge with phosphete remeining in the residuel sludge. By-product
recovery is greatly desired in this case because of the serious prob-
lem of disposing of the elum-floc sludge.

The disposel of sludges resulting from the clerificetion and
sof tening of raw water at water treatment plents has not been as much
of & problem as weste weter sludge disposel, but it is becoming more
criticel every dey. Dispossl by dilution into surface waters is
simple, inexpensive and scceptsble to meny stete regulatory sgencies
without prior treatment. It does not have much effect on the dis-
solved oxygen content of the receiving weters but it cen be a nuisance
because it produces turbidity and forms sludge banks,

The water plent sludge hes been sdded to the municipal sewerage
system in meny ceses. It is believed that the sludge functioned as a
raw sewage flocculent end, thereby, improved the overall sewage treat=-
ment efficiency66. However, if the dumping of water plant sludge is
not proportioned over a period of time, it mey inhibit biological
treatment processes.

One discernible trend in weter plant sludge hendling has been the
increased use of recovery techniques. Weter works sludge recovery is
generelly considered as sn elternstive solution to disposel only where
lagooning end dilution were not feasible &nd hauling to distant ferm
land was not economical.
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The sludges removed from sedimentetion besins consist of e
dilute suspension of eluminum hydroxide emong other things such as
elgee and silt. Reclaiming elum from the hydrous sludge end reusing
it for rew weter flocculation has been shown feesible. Investiga-
tions in Englend determined thst sulfuric acid could be used to
convert insoluble eluminum hydroxide to sluminum sulfete which could
be reused es & flocculent®”. With the decresse in pH, the alum
recovery was found to increasse end at e pH of 3, the recovery wes
60 to 65%.

At Tempe, Florida68’69, it was estimeted that 1180 pounds of
93% sulfuric scid were needed to produce 2000 pounds of recleimed
elum (17% Alp03) et & 90% yield. Cost of commerciel elum st $38.08
per ton and sulfuric acid st $19.48/ton, it wes estimeted that about
326/ton could be seved by using recleimed elum. The eabove cost
figures must be modified snd interpreted in reletion to the overall
weter trestment costs; the recovered flocculent is most likely to
heve & lower efficiency than the originel commerciel slum end require
higher dosages. As recovery is not complete, some commercisl alum
must be added.

Recovery of softening-plent sludges cen reduce the overell plant
operating costs, but it involves numerous operstionel problems.
First, magnesium has to be excluded from the sludge and this is achieved
in the centrifuges often at the expense of solids cepture efficiency.
Second, split treatment procedures can be edopted, but neither celcium
cerbonete nor megnesium hydroxide flocs settle separately. Third,
dewetering and celcining equipment requires substentiel meintenance
end moderaste operating budgets. Fourth, sludge reclemetion often does
not eliminate the need for elternete sludge dispossl facilities be-
cause not all of the sludge is processed. A finel disadvantage results
from chenging water quelity with the sessons. Varieble sludge
quelity complicetes calcining operetions.

More end more weter treatment plsnts ere adopting lime and alum
reclemetion processes and the cost of weter treetment has been reduced
by verying degrees wherever reclemation hes been in operetion. For
further reduction in cost of operetion, improvement in efficiency,
sdditionel reseerch is needed in this field. When the reclemetion
process becomes more economicel then whet it is now, all the new
plants would be designed with reclemetion facilities.
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HEAT RECOVERY OR UTILIZATION

Environmentel changes due to thermsl pollution such es streti-
fied flow, the effects of temperature on the biota, end the effects
of temperature on the physicel and chemicel properties of our re-
ceiving water ere becoming quite criticel?0, The three mejor sources
of thermal pollution are e&s follows:

1. Steam-genersting industries.
2. Steam and/or power-generating industries.
3. Process streams from wet process industries.

When the tempereture of the weste is very high, heat recovery is
very attrective and practical. When the temperature difference is
releatively small, heat recovery is not practicel due to poor economics.
However, there are 2 number of compenies that have made equipment
available for the recovery of heat from low tempersture differential
wastes. Therefore, recovery of heat and utilization for more efficient
power generation is feasible end should be precticed wherever possible
in order to eliminste thermal pollution. Numerous ceses of hest re-
covery to produce process stesm is precticed in the orgenic and
inorganic chemicel industry.

The other feesible B thod of controlling thermal pollution is
water quelity menegement’'~. This involves flow regulation, discherge
outfell design and heet) storage with controlled releasses. Though
this method does not bring in direct benefits, the cost involved in
weater quality menagement works would be much less then the construction
of conventionel cooling towers, ponds end so on.

The method that offers the greatest promise for thermsl pollution control
pesides hest recovery is the utilizetion of weste heet in egriculture,
.qyiculture or for miscellaneocus industrial epplicetions. There are &
number of FWPCA studies under wey on this espect7 R

" The present trend in the thermal pollution control seems to be
that the cooling towers end ponds must be used only where no other
solution is eveilable, and efforts to devise other more productive
methods of heat control end recovery will be undertaken in the future.
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MISCELLANEOUS INDUSTRIES

Breweries and Distilleries

In the brewing industry, settled yeest from & previous fermen-
tetion is used in the fermenting of beer to initiete fermentstion in
the next batch. There is aelweys an excess of yeest ebove the re-
quirements of the brewery end only part of this yesst is setisfectory
for further use in the brewery es the yeast, while settling, cerries
down some msteriels thet are not desirsble in beer. The undesiresble
pert of yeest is generslly discherged to the sewer. Though it is not
hermful to plent operstion, it hes & very high BOD end becomes ob-
jectionsble. This product could, however, be dried snd used for
cettle feed.

Distilleries discherge their wastes from molesses fermentetion
tc the sewers or réeceiving weters. When this weste is eveporeted and
dried, it was found to be sn excellent source of vitamin B complex
end showed & substentiel profit above the cost of eveporation and
drying for use in producing cettle feeds.

Westes from brewery esnd distillery fermentetion have been con-
verted to velueble by-products for many years. The two major
by-products sre high-priced snimel feed eand brewer's yeast. Spent
grein mash used to be e serious weter pollution problem, but the
distilling industries have recovered more than 90% of their fermen-
tetion residues for sele es enimel feed’'”, The residue has & high
concentrstion of vitamins end protein thst, when mixed with other
neterimls, mekes & premium cettle feed.

Residual yesst from brewery a&nd distillery fermentetion is selso
velusble ss Bn enimel feed becsuse it conteins vitemin B complex,
protein and essentisl mineresls. Drying stebilizes the residual
yeast by deectiveting the enzymes in addition to improving the yeast's
digestebility. However, it is believed thst & brewery must heve at
least ebout one million pounds of yeest solids per year to justify
drying egquipment.

The process of masnufecturing terteric acid eand terterate selts
from winery wastes during World Wer II 1s considered uneconomicsl
now’?. The pomace portion of the waste has been used as & vineyard
soil conditioner or sometimes dehydreted esnd scld ss e cettle feed

supplement and plant mulch.

Food Industries

The food-prccessing industries heve been feced with the reali-
zation thet both weter supply end weste disposel ere limiting fectors
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in growth, operetion, and product cost. Water-saving techniques
have, in many ceses, permitted increeses in plent capscity without
additional burden on fixed resources. In some cases, these hsve
brought significent sevings in totesl production expense.

Where weter conservetion is precticed, there sre concomitant
chenges in waste quentity end charascter. With increesed production,
the totsl organic waeste loed hes inexorably risen &snd the problems
attendant to disposal heve become increasingly difficult to solve.
Process sdvances have produced some new waste constituents end weater
economics have resulted in concentration of weste loads in certsin
process streeams.

Faced with & genersl expsnsion in the potentiel weste losd
which must be trested or transferred to receiving weters, regulstory
authorities have been forced to tighten controls and stimulate in-
dustry's critical examination of its contribution tc the pollution
problem. Municipalities which receive the wastes of their ellied
industries essume responsibility for esugmenting trestment capascity
end impose the industries with service charges to transfer costs of
expended facilities and operation.

The seesonsl character of wastes from the food-processing in-
dustries end their reletively high proportion might suggest that it
might be more economicel to treat the sepesrate components rather then
the combined flows. Industries, in seeking weays to reduce costs,
are becoming increesingly awere of thelr responsibilities in pollu-
tion control and have begun to explore the economic feasibility of
"in-plant" modificastions to reduce waste end of '"on-site" fecilities
to provide treatment.

The state of the art in food processing plants appeers to involve
continuous recirculetion of waters with limited make-up end blow-
down for e particuler subprocess. For example, in the cenning industry,
wash waters for most produce cen be continuocusly recycled within an
optimum system. Finel rinsing removes the residual dirty water and
this serves ass make-up for the initiel scrub wesshing subprocesses.
Similerly, flume weter used for the cerrisge of fruits and vegetables
is continuously recycled end builds up & high organic content. Low
pH and esppropriete bactericides can be used as & meens to control
bacteriel growth.

Cooling tower recirculstion is & common method of conserving
water. The cooling tower blow-down cen be used for supply water with
the verious subprocesses of the pascking plent. Eveporetor waters
may be reused for processes, especially initial weshing, etc. The
increasing costs of water and sewer service charges based on flow
volume and pollution content, ere acting as incentives to optimize
the conservation and reuse of water within the feod-processing industsyy.
Recent surveys of eleven California cenneries’® indicate that water
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conservetion end reuse cen reduce weater use per unit of product up

to 40%. The sludge from the food industries is & mejor concern to

the industries because of high moisture and fibre content plus a

lack of stability which complicetes storage of the seesonel pro-
duction. However, the industries hsve shown keen interest in using
waste products to increese profits snd reduce eir snd weter pollution.

The use of weste ectivated sludge from the citrus industry has
been evaluated &8s s source of vitemin B and protein. Vitamins of
the B group contained in this sludge include: thismin, B-12,
riboflavin end niscin?®, After the sludge is filtered, dried and
pulverized, it is used es an &snimel feed supplement.

Citrus pulp hes been extensively used by itself as & cattle
feed. After dehydretion, the pulp has been sold for $30 to $45
per ton’ 7178 | without dehydretion, citrus wastes have been sold as
cettle feed for $4 per ton or converted to molasses end sold for
$45 per ton. Pectin is also made from citrus wastes end used in
jems end jellies,

The disposel of wet solids from the cenning industry hes been e
mejor problem. Composting hes been investigated end seems promising.
A portion of the total cenning waste hes been dehydrated and used for
enimal feed’®. The totel cost of producing this feed wes reported to
be $47 to $53 per ton of feed. Even though there is a net cost to
the industry, the by-product utilizetion is cheeper than other methods
of dispossal.

The potato processing pulp is used ss & cattle feedao. Dewater-
ing end drying of pulp is difficult beceuse the solids ere hydrophilic.
In large plents, the 5 to 13% solids pulp is dewatered to 30 to 35%
solids by pressure filtretion sfter conditioning the pulp with lime,
In sn attempt to keep t peels ewey from weter-borne wastes, dry-
ceustic peeling process is used. In this process, potetoes are
sprayed for 50 to 100 seconds with 20% lye solution et 170° F. end
dreined. Then potstoes are subjected to infrered heat for 2 to §
minutes following the holding at room temperature for 5 minutes. The
peels are removed in the roteting rolls end during tumbling. The
discarded peels ere sold es cattle feed.

Pressure on food end pulp process has generated s parade of re=
cent processes to upgrade liguid end solid wastes., The impetus behind
this flurry of activity is the need to find doller incentives for
pecllution prevention. Leading esmong the new processes are those thet
use yeast, bacterie and even laser beems to convert pollutant beans
into edible products. GSwedish Suger Companysz has announced & process
thet will treat & potato-sterch filled waste streem with & symbiotic
combination of endomicopsis end candide yeasts. The end product
suiteble as animel feed is 50% protein, & mix of 95% cendide yeast
and 5% endomicopsis.
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The wastes produced in this industry are lergely orgenic end
of e highly biodegrasdeble neture. Therefore, product recovery is
very much limited. However, solid westes, in & few instences, heve
been utilized in many weys. Tometoes have been pressed and dehy-
drated for use as hog or cettle feed. Pee vines, corn husks &nd
corn cobs heve elso hed limited seles. Citrus peel westes mey be
pressed for molesses which can be processed, dried end sold &s csttle
feed. Instellation of flesh evaporators to produce the molesses hes
significently reduced the wesste loed discherged. Also, certain types
of pits end nut shells have been converted to charcosl.

Due to the low value of these by-products, the primery benefit
to the food industries at this time is the evoidance of the cost of
hauling westes to & lendfill. With the increase in cost for solid
weste disposal, it is enticipated that new by=-products will be de-
veloped. It should be noted here that there is & definite indicetion
thet meny of the smell firms ere herd pressed to compete &nd the
percentsge of smell firms will decresse in the future, as a result.
The principel difference between old, prevelent and newer technology
in these industries is not in the operstionel sequence, but rather
in the speed and efficiency of the mechinery performing the opers-
tions. New production machinery is expensive and cen be justified
by adequete production volume only.

Fertilizer Industry

The phosphoric fertilizer industry is feced with & difficult
task of improving its geseous effluents. Fluoride-containing geses
ere produced from the resctors and eveporstors and collected by using
spray boxes, wet impingement, wet-centrifugel spray and wet-impingement
trey scrubbers. The fluoride content of these liquors, present ss hy-
drofluosilicic acid (HySiFg), represents a problem and &n opportunity.
The fluoride evolved during wet acid, phosphoric acid, superphosphste
end triple superphosphate production in the United States is equiva-
lent to the totel United States production of hydrofluoric scid.
Hydrogen fluoride is the source of fluorine compounds used in the
production of aluminum, fluorocerbons and other chemicels. The availa-
bility of high grade fluorsper ore, the main source of hydrofluoric
acid, is limited end these liquors .represent en increasingly importent
source of fluorine. The hydrofluoric ecid, 25% in concentretion, cen
be used as fluorineting agent for public water supplies and may be
converted into sodium silicofluoride for both this purpose and for
ceremics end gless menufecture. Hydrofluosilicic acid has been
suggested es e fluorinating agent and the use of strong dehydrating
and decomposing agents for producing hydrofluoric ecid from
fluosilicic ecid has slso been studied.

In the recent yeers, attention hes centered on conversion of
hydrogen fluoride synthetic cryolite (Na3AlFg) or eluminum fluoride (AlFj3)
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for use in Hell cells. There are two commercial routes of
conversion:

l., The acid is contacted with an elkali such ess emmonia to
produce the slkeli fluoride end & filterable powdered silice
that cen be marketed for use as & thickening agent, for
rubber and plestic edditives end for other purposes. The
elkeli fluoride is reected with en eluminum selt to produce
the alkeli eryolite which mey be ggnverted to sodium cryo-
lite by fusion with & sodium salt

2. The scid is reacted with sluminum hydroxide @l(OH);] to
produce eluminum fluoride (A1F3) end silics (8102)84.

In the emmonium phosphete plant, the exheust eir streem from
emmonlator conteins high emmonie and, therefore, it is recovered by
using acid stream scrubbers from both economicel and a pollution
control point of view. The initial cost and opersting expenses for
such instellstions ere very high end the returns from the recovery
of ammonis are just enough to compensate for operating cost. Therefore,
fertilizer industries ere generally reluctent to instell such systems
thet cover only operating expenses. However, industries do expend
large capitel outlays in order to reduce compleints and improve
public relstions.

Most of the fluoride wastes effluents from the fertilizer industry
ere equecus type and some ere airborne. The esirborne fluoride com-
pounds become waterborne when they have been scrubbed with water or
with squeous alkeline reagents.

When product recovery is not practiced, due to the smell quantity
of weste or too low a concentration for recovery, the waste is treated
end dischasrged to receiving water course or sewer. The treatment
facilities essentially involve the following steps:

l. mneutrslizetion of waste water with hydrated lime at a pH
value slightly ebove 11, which results in the formetion of

relstively insoluble celcium fluoride,

2. separation of the insoluble product of the reaction in a
continuous clerifier,

3. wvecuum filtretion of the sludge, end

4. acidificetion of the clerifier effluent to lower the pH value
to within the rsnge of seven to nine.

Clarified effluents contein less than 20 mg/l of fluoride ion
and by allowing it to stend for several hours, post precipitation of
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fluoride selt occurs resulting in the further decresse in the
fluoride concentretion. Where required, additional fluoride removel
mey be obteined by pessege of the fluoride waste through & bed of
activated slumins regenersted with sulfuric scid or through bone
cher regenerated with sodium hydroxide.

The other important by-product from sulfuric ecid-besed phosphoric
ecid plents is gypsum (05504) which hes been used in wallboard end
cement and for the production of sulfur vie reduction with coal,
followed by fixing of the lime--either with silice or by resction with
ammonie®?. Such practices are in use in sulfur-short locetions and
mey become less attractive as the sulfur supply situastion improves.

Gypsum, derived from the production of wet process phosphoric
acid poses nmajor problems because it does not have 2 good market.
Storing of gypsum is precticed in some cases end this is becoming
expensive because of the increasing lend value.

At 1969 production level, on an aversge of 5 tons gypsum/ton of
100% phosphorus pentoxide, about 20 million tons of gypsum ere pro-
duced per yeer. There ere seven major plents throughout the world
which practice recovery of sulfuric ecid and cement. Following this
process, it is forecested®® that 1500 to 2000 tons of sulfuric scid per
dey end sbout the same amount of cement can be recovered and there will
be a 525 to $30 million merket per year. Such & recovery process solves
not only the gypsum disposel problem but slso elleviates the pressures
of rising costs of sulfuric acid.

A new pro:>cesse"7 developed in West Germeny involves recrystslliza-
tion under controlled conditions by the addition of certein compounds.
The product can be dried end sold to e plaster of peris distributor
or directly cest ss plester bosrd or construction blocks. The finsl
product from the synthetic gypsum comperes fayorebly with most pro-
ducts made from netursl gypsum. In addition, the requirements for
labor, spece and utilities are very much less.

In order to conserve the sulfur or sulfuric ecid, nitric ecid
is used in the digestion of phosphate rock. Phosphoric acid (H3PO,),
calcium nitrate [@e(NO3)é] end hydrofluoric scid (HF) ere formed in
this process8 and the unwented celcium nitrate is precipitated ss
gypsum by adding smmonium sulfate BNH4)ZSO4]. The letter is regenera-
ged and reused by treeting the gypsum with cerbon dioxide and smmonis

and thus sulfate recycle is asccomplished. Ammonie remains in solution
es emmonium nitrete, e fertilizer ingredient.

Sulfur shortege has sparked renewed interest in nitric ecid
trestment of phosphate rock89 to produce fertilizers. There are a
number of processes availeble. Nonsulfur-consuming nitrophosphate
generelly involves larger investments but smaller operating costs
than the sulfur-consuming processes.
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Use of gggsum for sulfur production to fill the sulfur ges is
being studied by variations of standerd ore-winning techniques or
bacteriological digestion methods. These studies ere directed to
produce sulfuric ecid or esmmonium sulfete. In the wet process for
phosphoric ecid production, production of uniform gypsum crystals
permits fast filtration, minimum seeling end modest requirements for
site space, power and meintenence. Therefore, it wes possible to
cut down the capital end operating cost by 15%.

Nitrophosphate processes, which use nitric ecid to dissolve
phosphate rock, are becoming incressingly poguler as & result of the
current sulfur shortege. A Norwegian firm 91 hes made mejor improve=
ments in this field end is producing e wide range of fertilizers with
high water solubility.

Dorr=-Oliver has come out with & process that uses sulfuric acid
aciduletion of phosphste rock without eppreciable consumption of
sulfur. Instead of letting sulfur out &s gypsum, the new process
converts gypsum into cealcium cerbonate (CaCOs) and reects co-product
emmonium sulfate ENH4)ZSO4] with fluorosilicic ecid vapor derived

from the phosphate rock to generate sulfuric acid for recycle to the
rock scidulstion step.

Animal Products

Meet-pecking industry is e major one in this cetegory and includes
the following:

1. Slesughtering plent.
2. Meat~packing plent.
3. Mest~processing plent.

A slesughtering plent is & killing and dressing plent which does
elmost no processing of by-products. A meet-packing plent is both a
slaughtering house and e meat-processing plent. Packing houses involve
cooking, curing, menufecture of sausesge, rendering of inedible fats
into gresses snd meny others. A meat-processing plent does no slaughter-
ing at aell.

The fundemental industry processes ere shown in Figure 16. Blood
is one of the major sources of BOD end, therefore, the recovery of
blood is en importent subprocess to the process of killing. Fail-
ure to recover blood increases the BOD by 72%. It is estimated that
about 96% of the meet-packing industry is practicing blocd re-
covery. Blood can be concentrated or dried and utilized in feeds
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and fertilizersgz.*

Heirs of hogs ere removed by mechenicel screpers and they ere
sold, hauled to offsite disposel or dissolved in ceustic solution.
The trend seems to be toward sele becsuse it cen be used in the manue
fecture of foem rubber and felt. In summer, when the heir and
bristles are short, they are disposed of et the incinerstor as they
sre of little value.

Viscera are removed and distributed to the proper channels
depending upon whether they will become en edible or inedible product.

Rendering process is of two types: edible end inedible render-
ing. In the edible rendering, fets are converted into lerd and
edible tallow. Edible rendering is applied primarily to hog fats,
but also to some beef fat. In the inedible rendering screps,
trimmings, and inedible orgens ere converted into inedible fets
which ere used in soep, in the manufecture of gresse &and in enimal
feeds. Inedible rendering also provides e&n outlet for those parts
of an animel which heve been condemned by federel meet inspectors.
Through rendering, condemned materiel is sterilized and converted
into recoversble products. In recent years, the disposal of peunch
menure is & vexing problem. Paunch manure contains very little fet
end a large quantity of pesrtielly digested meteriel. The paunch
content of ceattle is estimated at 40 to 60 pounds per head and con-
tains ebout 1/3 pound of BOD93. In most cases, peaunch solids are
disposed of directly to fermers as fertilizer or &s lend fill,

Screps generated in the manufacture of ssusege are used in the
rendering process. GCrease and fets recovered in meat processing ere
velueble raw materials for soaps, gelatin and glue.

The wastes from industries producing fetty ecids and glycerine
contain a large amount of greese. Improper design of interceptors
result in the discherge of & large fraction of greese. It was shown
in meny cases thet by recovering the grease through the installation
of proper interceptors that the yield can be incressed by about 3%
end the problems connected with sewer clogging, treatment process
upset are solved satisfectorily.

In the wool pulling and wool scouring industry, valueble sheep
skins end wool fibres have been recovered by the provision of proper
screening erreangement.

*If the protein values of the feed end fertilizer ingredients produced
at the plant are higher then the requirements of the particuler fer-
tilizer being produced, some guentities of lower grede materiels ere
sometimes blended with these materials.
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The mejor concern in the poultry waste disposal is the high
concentration of solids end fet. Centrifugel solid separstors sasre
used for the recovery of high solids and fet. An spproximate
meterisls belance of the system94 indicetes that et a waste input
of 3200 gph, sbout 400 pounds per hour of solids ere removed and
125 pounds per hour of fat recovered. The insclubles content of the
influent wes reduced from 10,000 mg/l, or higher, to 1500 mg/l. The
fat content wes reduced from 0.9% to 0.04%. The fet, thus recovered,
is used in the dog food menufacturing process and soclid matter disposed
of at locsl rendering concerns. The returns from the by-products
are above the opersting costs and the recovery system proved economical.

In ereas where there are no rendering firms, the by-products are
removed from the gross pollution loed of the plant and are given free
in exchange for heuling them away.

In the leather tenning and finishing industry, very little water
is reused. It appears that the practice of water reuse as & pollu=-
tion reduction memsure has been neglected in the everage industry.
The methods that could be used to reduce the quantity of process
water are as follows:

1. Use of countercurrent weshing techniques.

2. Cleen-up and reuse of process waters.

3. Wash spreys insteed of baths.

4., Automatic controls on process water.

5. Dry waste disposal insteed of water cerriage.

The following chart deteils normel by-product utilization in a
tannery S,
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Item

Use

Trimmings, bellies
end others

Hair

Fleshings

Degreasing exhaust
Drum liquors

Spent lime liquors

Pickle solution wastes

Chrome tan liquors

Spent vegeteble fans

Spent ten bark

Used for edible purposes, oil production
after rendering, protein feed after render-
ing and geletin manufecture

Used in manufacturing, upholstering and
rug becking

Glues

Reuse of solvent in tanning, soep

After settling, the sludge cen be mixed
with other plant wastes snd sold as
fertilizer

In the past, this solution hes been reuged
within the tennery for pickling e number of
times. However, tendency of lete has been
to omit this reuse through advent of drum
bate, pickling snd chrome tenning

e) Holding and reusing in tennery
b) Precipitate chromium hydroxide [?r(OH)

filter redissolve chromium with sulfuric

acid. Considered economically
imprectical

Evaporated and sold as boiler compounds
Used &s floor coverings for horse shows,
circuses, playground. Sometimes used in

paperboerd manufacturing or in making
white lead
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Orgenic Chemicals Industry

In the orgenic chemicels industries, the wastes produced are
high in COD end their treetability veries from treeteble to most
difficult to treet. These wastes contein velueble by-products and
these are recovered“®,

New technology end process chenges ere, in generel, directed
towards better yield and, thereby, reduction in weste load. In cases
where the by-product is valueble, product recovery is always
practiced.

The organic chemicals industry is a complex one due to the
number of products and processes utilized in the industry. All of
these plents practice product recovery snd waste reduction in one
form or the other. To include all of them will be too elaborate end,
therefore, the major ones are included here.

1. Acetaldehyde

Aceteldehyde is produced by the Wacker process and waste
discherge averages 1200 gallons per ton of product. The
weste contains primerily chlorineted sldehydes and the COD
is in the renge of 10,000 mg/l. The waste is difficult to
treat biologically unless it is diluted with other waters.
Generally, several facilities handle these wastes by means
of a deep well rether than by biologicel treatment.

The weste discherge is reduced to 150 to 200 gellons/ton of
product by suiteble chenges in the still design for final
disposal either through deep well injection or incineration.
In the concentration process, there is no reduction in the
orgenic load and, therefore, the only possible means of re-
ducing the orgenic load is recovery end use of the chlori-
nated aldehydes, dechlorinetion of the aldehydes or
improvements in yield. The present trend seems to be in the
emphesis on the improvements in yield end recovery and it is
expected that the esverage yleld will reech 97% in five years
thereby reducing organic loading by ebout 40%.

2. Acetic Acid end Anhydride

Light petroleum gas (LPG) oxidation results in the production
of substantial amounts of other acids such as formic and
propionic which must be disposed of by incineration, resale
or biological oxidation. Unfortunately, resale of these
meteriels does not eppear to be precticel because the markets
for these chemicels are quite limited. Weste flow from this
system is in the order of 1000 gellons/ton of product end

the orgenic concentretions are in excess of 30,000 mg/l. In
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some operstions, the stream is neutramlized with ceustic end
the sodium salts of the acid ere recovered.

Acetic ecid and other higher ecids ere produced by oxidetion
of scetsldehyde. Weter flows are of the same magnitude,

but orgenic loed is ebout 50% of the load generated by the
oxidetion of LPG. The Reppe process is enother process for
the production of propionic end other ecids and the liquid
waste amounts to ebout 50 gallons per ton of product includ-
ing dreins. The emounts end cherascter of the waste would not
appear to creste serious weste treatment problems or expendi-
tures. There will be improvements in the yleld picture which
will essist in reducing the weste management problems but it
is not enticipeted that eny changes will rsdicelly chenge

the weste situation.

Acetylene

The key factor in waste mansgement in the production of
scetylene from hydrocerbons centers saround the control of

the creacking furnaces to maximize the production of valusble
products. The efficiencies are generelly low--in the order

of 40 to 50%--and efficiency improvements ere therefore vital
to the reduction of pocllution loed. Further, recoveries of
weste products in burnsble form is also vitel to the effective
operetion of the unit. In some ceses, a solvent is used to
recover the ecetylene. As solvent losses sre usuelly signifi-
cent, cereful selection of the solvent end improved design of
the vecuum stripper would assist in reducing the pollutional
load.

Ammonie

The major streems erising from en smmonie plant ere process
condensate and site dreins. The waste flow is 300 gallon/ton
of product and emmonie lost in waste streem is 0.1 lb/ton of
product. Removal of emmonia from weste streems is a necessity
to eliminste eutrophicetion problems end recovery of ammonie
haes been proven practicel. By eir stripping of the waste
efter adjusting the pH with NeOH (ebout 0.1 1b/ton of product),
it wes possible to reduce the emmonie loss by about 60%. It
is possible to remove grester amounts of NH3 (90 to 95%) by
increesing the eir flow in the range of 500 to 1000 scf/gal.,
but such en approach is not economicel.

Carbon Tetrachloride end Other Chlorineted Hydrocarbons
The major weste stream results from the production of hydro-

gen chloride es a by-product of the reaction. There is a
greet need for routes to the economic recovery of chlorine



from hydrogen chloride or through the reuse of hydrogen
chloride. A number of new oxychlorinetion processes have
recently been developed which enable the user to utilize
hydrogen chloride together with chlorine in & balanced

fecility. As en exsmple, for the production of carbon
tetrachloride (CCl,):

CH4 + 2012 --------#CC14 + 2H2
CH4 + 4HCl1l + 02 ----#0014 + ZHzo

Thie approach eliminetes the problem of hydrogen chloride
(HC1), but does produce ebout 60 gallons of waste containing
minor amounts of chlorinated methanes and HCl/ton of product.
It is anticipated that, in the future, process changes will
substentially eliminate the HCl being genersted in these
operations.,

Cellulose Acetate

Major weste source arises from the stills used to recover
ecetic ecid, acetone and other solvents. 1In addition,
considerable smounts of degreded cellulose, phospheates (used
es cetelyst) end sulfuric acid (from spills) are generated.
There ere numerous opportunities for weste reduction in cellu-

lose acetate production end the more important ones are the
following:

@) Recovery and reuse of CA fines.
b) Improvements to achieve higher yields on cellulose.
c¢) Improved operation of acetone end acetic scid stills.

d) Use of additional stills to improve recovery.

Ethylene

In the production of ethylene, about 15 gallons of weste/ton

of product are generated and this contains 2.5% sodium hydroxide
(NaOH), 1% sodium sulfide (Ne,S) end 6.6% of phenols. Studies
are underway to recover the alkall value from the spent caustic.
There are no attempts at present for the recovery of sulfides
but sulfide oxidetion is generally practiced to reduce the
immediate oxygen demand of this stream.

The process condensate streem may be reprocessed by being sent
to a stripper and stripped by live steam. This will strip
most of the non-phenol conteminents and about 20 to 25% of
phenol. By contacting with fresh feed, it is possible to
strip out most of the phenol which cen be sent with the feed
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to the crecking furnsce. The phenol-free weste water cen
be steam stripped to remove residual voletile hydrocarbons.
The water stream, free of contaminants may be reused in
steem generation in the plent.

The major products in the ethylene plents besides ethylene
sre propylene, low density polyethylene end alfa olefins.,
Spilled pellets and fluffs of polyethylene constitute a
major pollution problem beceuse of its unsightliness end re-
duction in the rete of oxygen trensfer. A surfece drainage
separator with e besin and & baffle extending three feet
below the water surface is used to trep the polyethylene.
The trapped polyethylene is sent eventually to land fill

for disposeal.

Hendling of quench water which constitutes 30% of the toteal
plant effluent is difficult because it conteins 1000 to
10,000 mg/l of oil in addition to finely divided coke and
heavy tars. A pert of the asrometic distilleate co~produced
in the plant eas a solvent is used to extrect the o0il. The
water is seperated from the solvent=~oil mixture, filtered,
degassed to remove hydrocarbon gases esnd sent to a surge
tank, This water is used for cooling water make-up, which
accounts for 10 to 15% of the cooling water for the plant.

Phencl

Mejor quantities of aqueous wastes conteining orgenics and
inorgenics create considersble difficulties relative to waste
treatment. A typical 100,000,000 1lb/yeer phenocl plant based
on cumene produces a stream of 200,000 gpd of waste water
containing 13,200 mg/l COD end 180 mg/l of phenol. Inorgenics
are produced &t the following rates:

Sodium carbonate - 5,000 1lb/day
Sodium formate - 500 1b/dey
Sodium bicerbonete = 500 1b/day

22,000 1b/day

Sodium sulfete

The waste production from the direct oxidation facility might
be considerebly less then the older process.

The following are precticed to reduce the weste load:
e) Cesreful control end modificetion of the process involved.

b) Recovery of inorganics by crystallizetion.

c) Recovery of phenol by solvent extraction.
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10.

As the sulfonetion and chlorination epproaches are reduced
in importance, it is likely thset the smount of weste geners-
ted per pound of phenol produced will be greatly reduced.

Urea
All of the mejor processes involve the high pressure re-

action of CO, and smmonia. Typical wastes amount to ebout
120 gallons/ton of product with the following composition:

1b/ton

Anmonie (NH5) 3.6
Carbon dioxide (COZ) 0.6
Ureea (NHZCONHZ) 0.8

Ammonium cerbamate (NH4COZNH2) 0.1
Total 5.1

It is normel prectice to remove about 50% of the ammonis by
airstripping efter adjusting pH with alkali, Recently, two
new processes have been developed which strip the ammonis
and carbamate by contacting with either NH, or CO. end
sending the overload to the reector. This approsch reduces
ammonia losses by 50% or more with & more drastic effect on
carbonate,

Production of Chlorine from Hydrochloric Acid

In the conventional electrolysis process for producing Clz,
1.13 tons of NaOH ere produced for every ton of chlorine
produced. There is & greater demand for chlorine compared
to NaOH and, therefore, there exists & chlorine-gsustic im-
balence. In order to avoid the imbalance, a new process
celled "KEL=CHLOR'" has been developed by the'Kallogg Company

from the Deacon process eand this process shows the possibility

of meking chlorine compounds. Hydrochloric ecid produced es
by-product in industries end not utilized may be used for
the efficient and economic production of chlorine.

The following is e list of sources for HCl:

a) Production of HCl from inorgenic sources.

b) Orgenic chlorination produces HCl as & by-product.

c) MgCl2 cen be hydrolyzed by hot steem to give MgQ and HC1l.
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d) Ammonium chloride, & by-product of the Solvay process,
cen be dissociated to NH; and HCl end the two separated

by & suitable method.

e) Hergreaves process, which uses SO, and air instead of
Hy80,, could be used to produce HC1l from NaCl.

f) When KCl is converted to potessium phosphate snd nitrogen
oxides in order to eliminste plesmolysis of the plants,
HCl is produced es s by-product.

The process is shown in Figure 17 end, in this process, HC1
is oxidized by pure oxygen in the presence of oxides of
nitrogen which ect es catalysts. H_SO, is used as a cetalyst
cerrier to absorb water. Employing this process, the pollu-
tion problems associated with small producers of by-product
HCl cen be ellevieted. The chlorine from these small units
would be smell in emount end might not be competitive in the
market place, but it could be used internelly.

The economics of the Kel-Chlor process keep improving as the
plent increeses in size. Cepitel cost requirements go up
epproximetely es the six-tenths power of the ceapacity. The
by-product HC1l from a series of different chlorination steps
cen be combined to provide feed for the Kel-Chlor plant. In
summary, this new process cen improve the economics of meking
chlorine compounds and hes the possibility of making chlorine
on a large scale by non-electrolytic methods. It cen also
elleviate the problem of ceustic-chlorine imbelance and ad-
just ceustic production to maerket requirements. It is also
hoped that the economics of chlorinstion will be considerably
improved end this should promote the use of chlorine com-
pounds in the competition of merkets such &s replacing gless
containers by copolymer of propylene end vinyl chlorine.

Anhydrous Hydrochloric Acid from Chlorinated Orgenic Waste

A verlety of chlorineted orgsnic residues are left behind

es unwanted co=-products after the menufscture of some bige-
volume chemicel products. Exemples: ethylene dichloride
from vinyl chloride, benzene hexechloride from some insecti-
cides, tetrschloro-ethylene from herbicides, and dichloro-
propylene from propylene glycol, chlorinated elastomers end
nylon, The disposal of these westes is & difficult problem
and the methods alreedy tried include: deep-well injection,
ocean dumping, burning in open pits, lagooning, end burying.
Dispossl in deep wells is expensive snd hes hezards in some
form or the other. Becsuse of the toxic fumes emitted,
open-pit burning of these westes hes been forbidden in several
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stetes. Thus, there is a pressing problem of disposing of
the one billion pounds of wsste generated eech yeer in the
United Stetes in the production of chlorinsted orgenics.

Union Cearbide'!'s incineration = scrubbing system97,shown in
Figure 18, is recovering 99% of the HC1l formed in the
incinerator es 18° Be!. Alternatively, Cerbide offers &
unit with e stripping system toc convert the product ecid
intc enhydrous HCl. In either cese, the venting ges stresm
will conform to most state regulstions; and with sdditionel
scrubbing stetions, its HCl content cen be slashed from
1000 mg/l down to 50 mg/l. The opereating costs are estimeted
et about 10¢/gal., in the upper limit of the 5 to 10¢/gel.
range of conventionel disposel costs. However, the system
has the advantage of producing s salesble by-product in
addition to meeting the enti-pollution requirements.

Table ¥ summarizes by=-product recovery in the organic chemicals
industry.
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TABLE V

BY-PRODUCT RECOVERY IN THE

ORGANIC CHEMICALS INDUSTRY

By-Product Recovery

Diminution
of Pollue-
Process By-Product Quantity Value tional Load
Acetaldehyde Acetaldehyde 5 1bs/100 lbs $0.50 40%
Acetic acid Formic & Pro- 200 lb/ton $20.00 60%
pionic acid
Acetylene Solvent 101b/ton $5.00-10.00 10-30%
Ammonia Ammonia 0.1 1b/ton Negligible 60%
Carbon tetra- Chlorine 0.4 1b/1b 1.2¢/1b 50-100%
chloride
Cellulose Cellulose 0.1 1b/1b $0.01/1b 30-40%
acetate fines
Ethylene Caustic 2 1b/ton $0.04/ton 30-50%
Phenol Sodium carbo- 2 1lb/ton 50.04/ton 15%
nate
Sodium formaete 0.2 lb/ton $0.04/ton 1%
Sodium bicar~ 0.2 1b/ton $0.04/ton 1%
bonate
Sodium sulfate 8 1b/ton $0.16/ton 50-80%
Urea Ammonie 3.6 1lb/ton $0.10/ton‘ 50%

' Uree 0.8 1lb/ton $0.02/ton 200
Ammonium car- 0.1 lb/ton $0.01/ton 10%
bamate

Chlorineted Hydrochloric Veries Varies 80=100%
orgenics ecid
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Textile Industry

The textile industry, as a whole, is & msjor factor in the
Americen economy. The finishing operation of the textile industry
produces e lerge emount of liquid westes conteining pollutents. Due
to the tremendous growth rete in this industry, it is anticipated that
more efficient menufecturing processes will be utilized, a larger
percentage of the waste will be treated due to the increesed pressure
by regulatory agencies at all levels.,

Process water reuse and recovery of by-products are the two major
sttempts being made in this industry in sddition to process modifi-
cetions to reduce pollution loed end increese the economy.

The textile industry is grouped in three mejor cetegories for
convenience:

l. Wool weaving end finishing.
2, Cotton textile finishing.
3. Synthetic textile finishing.

In the wool weaving and finishing industry, approximately 5%
of its process water is reused. It is enticipated that countercurrent
scouring can reduce the amount of weter required by as much as
6000 gel./1000 1lb of wool and use of rinse waters in the ggsh efter fulling
cen reduce water requirement by 4000 gal./l000 1b of wool”®, By~
product recovery is limited beceuse of the poor market for the products
recovered. It is estimated that fifty to one hundred thousand tons of
wool greese and 20,000 to 40,000 tons of suint could be recovered for
production of lanolin and potesh from wool end grease, respectively.

In the cotton textile industry, ebout 16% of the process water is
reused. It appears that the process water reused will increese in the
future beceuse newer mechinery is often of continuous or counter-
current design. Also, because process water is becoming more expensive
in meny erees, increesed emphesis for reuse of process water is made.
There is no significent by-product use of wastes in this industry.

Meny attempts heve been mede in the past to develop economicelly
feesible methods for recovery of the expensive dyeing compounds but
were unsuccessful. It is not hoped, in the foreseesble future, thet
eny by-product be recovered for use on eny significent scale.

About 10% of its process water is reused in the synthetic textile
finishing industry. Even though there eppears to be an adequate mer-
ket for westes recleimed in this industry, there are no economically
feesible methods eveilable now. All liquid westes contein chemicels
used in the finishing itself end could be reused if reclaimed. All
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cerriers are recovered and reused. Chemicels such es spent developed
dye beth are not recleimed as it is not economicsl. In the future,
thermal wastes csn be reused by heat transfer method.

Mercerizing of cotton yarn (tresating with concentreted soclutions
of sodium hydroxide), results in a waste containing ebout 2% sodium
hydroxide. This represents an importent loss of this velueble chemical
beceuse of the relatively high chemical costs. Also, the alkelinity
of the waste wes very high requiring incressed consumption of alum.

In & textile mill in Argentinegg, the weste stream containing
sodium hydroxide wes segregated end sodium hydroxide recovered by
subjecting the waste to physicel processes. Filtration of the waste
prior to evaporation and two-stage eveporation were found to cause
corrosion problems due to high temperatures. In the first stage of
evaporastion, the unit works at etmospheric pressure snd, in the second
stage at 25 in. Hg vecuum. The average concentration at the end of
each stage 1s 5.2 end 25.0% by weight, respectively. The concentrated
sodium hydroxide is filtered through a pressure filter and stored for
reuse. The mein goal of recovery of sodium hydroxide was the economics
due to the high replacement cost of this chemical. Total amount of
sodium hydroxide recovered smounted to 140 tons/year and the net pro-
fit obtained through recovery amounted to $22,000/yesr. An additional
benefit resulting out of sodium hydroxide recovery is the decreese in
consumption of alum at the trestment plant.

Nuclear Plants

The recovery of urenium and other fissioneble materisls from
depleted nuclear-power fuels is necessery since only a frection of the
fissionsble material is consumed prior to removal from the reactor.

The fuel is dissolved in nitric acid or sny other acid before
recovery. Sometimes fueles ere mechanicelly decladded or oxidized prior
to ecid atteck. The verious products such es urenium, plutonium end
other products, are seperately recovered by solvent extraction employing
ean intricete set of pH edjustments. Efforts to recover fission products
are now commercial. Most radicisotopes are not prepared in this menner
but could be recovered from westes by chemicesl action or ion exchange.

The Cansdisn nuclear power industryloo uses heavy water reactors
fueled with naturel urenium. The spent fuel conteined plutonium, e
potential fuel, but the cost of recovering it was such that it was not
competitive with netural uranium which is in ebundence in Cenede. The
spent fuel is stored in zirconium cladding, under weter et the resctor
site for final disposal. If the price of urenium rises sufficiently,
it will become profitable to recover the plutonium.

A fluoride voletility process has been developelel’lo2 in which
the fuel is trested with oxygen, hydrochloric scid or chlorine. This
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removes the cledding meterial &s the voletile chloride. Fluorine is
then edded end uranium end plutonium leeve &s the hexefluorides which
may be seperested due to differences in their relastive volatilities.

A new reclemstion processlo3 by Isochem, Inc., extreacts and
converts the plutonium content of metal screps and sundry westes from
nucleer plents into & high purity plutonium nitrete solution. The
screp is initielly dissolved in hydrofluoric ecid, nitric ecid end
aluminum nitrete monohydrete. The dissolved plutonium is extracted
with orgenic solvents end the plutonium=-rich orgenic phese is stripped
with nitric acid and concentrated to a final product having a plutonium
of 200 to 300 gn/1,

Milk Industry

In the milk industry, approximately fifteen billion pounds of fluid
whey results per yeer . Beceause of its high COD and production of un-
desireble conditions, the whey hes to be evaporated, processed and some
returned to the farmer as slops.

Cheese whey has en everage composition of about 4.8% lactose
and 0.9% protein and, therefore, many useful by-products could be
obteined. However, the demend for these by-products is not lerge
enough to utilize the surplus whey. Conversion of whey to yeeast to
be used as a source of protein in animel nutrition is very attrective,
but the cost of production is expensive. However, the economnic
factor becomes less important from the point of view of disposel of e
potent weste.

Inorgenic Chemical Industry

It is usually quite difficult to separate, in the inorganic
chemicels industry, the practice of by-product recovery from normal
production modes since so meny of the industry's products are pro-
duced from ores or brines, the treatment of which produces a variety
of meterials other than the main product which is being sought. If
the subsidiary meteriel is ealso recovered, one might say that by-
product recovery is being practiced. Speaking to someone familier
with the industry would indicete thet this is not considered to be the
case.

In addition, there are many inorgenic chemicels which ere routinely
produced es by-products snd where upwerds of 90% of the totel United
States' production results from such activity. Among these are the
following:

1., Sulfuric ecid is recleimed from petroleum alkylation units
on a commercial besis snd recleimed by thermel means.
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2. Ammonium sulfate is produced from coke oven wastes =snd
other sources.

3. Calcium chloride and sodium chloride ere frequently the
by=-product of frectionel crystellizetion for other products
and the neutraslizetion of acid chloride wastes. OSW hes
said that Solvay process wastes can be crystallized to pro-
duce sodium end calcium chloride.

4. By-product ' - hydrochloric acid erises
primerily from the production of organic chemicels and
this source represents 90% of United Stetes production.

S. Sodium sulfate is the by-product of the production of
hydrogen chloride by the Hargreeves process.

6. Fluoride selts are recovered from scrubber weters in the
fertilizer industry.

Other situations also exist in this regard. For example,
mercury is frequently recovered for reuse from the discharge of mercury
cells for the production of caustic end chlorine by extraction. The
recovery of emmonies in the production of sode ash by the Solvey process
is vitel to the economics of the process and this is performed by
ebsorption. In the production of chemicels erising from brines such es
sodium chloride, potessium chloride, potessium sulfaste, borax, etc., a
multitude of products ere produced. Under some circumstances, e
veriety of products eare produced and, in other circumstences, only a
few of the potentiel products are utilized send the remeining brine is
discharged to ponds. The recovery depends upon economics slthough
certain materiasls such es the lithium salts are lsrgely produced as
by-products of other larger productive operations. The definition of
by-product thus becomes clouded.

Ammonia could be produced as a profitable by-product from sea
water desalting plants 05, The study underwey is looking st & theo-
reticel three-way operation, namely, saline water conversion, power
generation and emmonie synthesis. The project would be prediceted on:
non-nuclear stesm generators that would first produce power end
fresh water, Left-over heat would then be used for emmonis synthesis.
The recovery of chemicals from sea water, which is slready practiced
in the cease of sodium chloride and iodine, is under consideration
with regard to cal¢ium and magnesium values--producing magnesium
aluminum phosphete, for exemple.

The inorganic chemicel industry's disposal problems center on the
treatment of: sulfuric ascid wastes, hydrochloric ecid and hydrogen
chloride wastes, and effluent geses containing acid oxides of sulfur,
nitrogen end other elements.

Sulfuric acid wastes sre common to many industries, end recovery

is en accepted prectice. When the impurity level is low, falling film
evaporetors are used end when the scid is dilute, it is utilized in or
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near the plent for the preperetion of sulfetes. When the solution

is contemineted, dielysis, electrodialysis, edsorption, ion exchange,
ion exclusion, ion reterdetion and crystellizetion sre routes towerd
purifying end, in some ceses, concentreting the scid. When contemi-
nents ere orgenic in neture, submerged combustion is used and 802

and SO5 mey be recovered from the effluent ges.

Inorgenic scids used or produced in this industry creste s

serious weste disposel problem. Considersble efforts have been ex-
pended in some ceses, such es in the production of vinyl chloride

end chlorineted hydrocerbon, for the use of the ecids in the process
itself. Hydrogen chloride, in liquid or gaseocus form, is produced

es @ by=-product from the production of chlorineted organics and used

in oxychlorinetion processes in place of chlorine. About 40% of weste
hydrochloric acid, amounting to severesl million tons per year, is used
in oil well ectivetion, chemical and metel production, starch hydrolysis
and cleening appllcetlons.

By-product ecid is produced by absorbing the gaseous hydrochloric
ecid in weter in & grephite, tentelum or titenium absorber. Anhydrous
hydrochloric acid is produced by stripping &nd condensation. Ion

exchange is_used for the regeneration of hydrochloric acid conteminsted
with metslsiO

In order to reduce the amount of weste hydrochloric acid, seversl
processes heve been modified or changed. One such process is the
production of cerbon tetrechloride (CCl,) from cerbon disulfide (CS )
rather then from methene. Recovery of chlorine from hydrochloric
ecid has been practiced by electrolysis of hydrochloric acid, cetslytic
oxidetion end e few others.

For the recovery of oxides of sulfur end nitrogen, wet scrubbing
is commonly used as discussed in the section on the trestment of
gaseous westes. Other proposed processes to recover SO2 or-.SO3 are:

1. The Simon-Cerves-Cominco process, besed on wet scrubbing with

emmoniecel solution to produce smmonium sulfete end either
sulfur or sulfur dioxide.

2. The soda ash zinc oxide process, based on wet scrubbing with
& sode ash solution that is regenerated with zinc nitrete
(2n NO3) end lime - SO, is the product.

3. The mengenese oxide process, based on wet scrubbing with a
mangenese oxide solution to produce SOZ'

4. Wet oxidetion, based on the oxidatlon of SO to SO using
ozone in 8 mangenese sulfete solution.

5. The eadsorption processes, based on the use of activated
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charcoel in weter, multi-bed charcoel edsorption, activated
chercoal pipeline contector end slkelized elumine.

The recovering of nitrogen oxides from the teil gaeses of nitric
acid plents is sccomplished by catelytic conversion to NO,_, and subse-
quent sbsorption. Other chemicals recovered include: boric acid by
cheletion from brine wsstes, sodium sulfete from cracking-cetalyst
production westes by crystallizetion, argon from hydrogen plents by
frectiocnel distillation, and silice from ferro silicon plents by air
filtretion.

Celcium chloride is obteined commercially &s e by-product of
chemicel menufecture, principelly the Solvey process, and from
neturel brines. The estimated ennuel production is in the order of
one million tons. The overall equstion for the production of sode
ash by the Solvey process is:

CaCO3 + 2NaCle=====-=== Ne,CO3 + CaCl,

Most of the CeCl, is wested into the streems except in some
cases where it is eveporated and marketed for its celcium chloride
content. The mein epplicetions of celcium chloride ere in the leying
of dust on highweys and in low tempereture refrigeration. The pollu-
tion due to celcium chloride is becoming less end less tolerated by
the regulatory suthorities end, therefore, recovery of calcium chloride
would receive due importance in the future.

The potentiasl for recovery in the industry is vest becsuse the
major weter pollution problems of the industry relaste to the presence
of conservetive species which must be removed in & concentrated form
end disposed of by some means or other. As soon es tighter restrice-
tions are esteblished, recovery of these materisls will be an obvious
approeach.

Table VI summarizes by-product recovery in the inorganic chemiw
cals industry,.
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TABLE VI

BY-PRODUCT RECOVERY IN THE

INORGANIC CHEMICALS INDUSTRY

By=-Product Recovery

Diminution
of Pollu-
Process By-Product Quantity Value tionel Loed
Hargreaves Sodium sulfete 0.6 ton/ton $150/ton 50-70%
Ceustic Mercury Varies According to Cell
chlorine
electrolysis
Solvay Ammonia 8«16 lbs/ton of 50=-80%
sode ash
Ses water Ammonie Varies
desalting Sulfuric ecid Veries
: Hydrochloric Veries
acid
Brines Boric acid Depends on brines
Solvay Celcium chloride Debends on brines
Magnesium Celcium chloride Depends on brines
salt pro- ’
duction
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APPENDIX I

GENERAL METHODS OF TREATMENT AND RECOVERY

Many techniques ere aveilable to treet westes, end the spplics-
tion of & particulsr method or combinetion of methods requires an
understanding, not only of each method end its limitetions, but also
of the composition and neture of the waste. Meny methods discussed
below ere suiteble for the recovery of waste products while others ere
final disposal techniques that preclude the recovery of wastes other
then heat or weter.

Methods of treeting liquid wastes include:

1.

Biologicel Reactions

Biclogicel reactions include biologicel oxidstion end re-
duction end they cccur es & naturel pert of the cell's
metabolic cycle &nd involve enzymes. Bio-oxidation systems
are commonly used in waste treatment facilities in the forms
of trickling filters, activated sludge systems and oxidetion
ponds. Bioclogicel oxidetions are inexpensive in opersation
end setisfactory for the removel of most organics. Sludge
hendling and disposal problems, difficulty of control, poi-
soning of the bioclogy and inability to remove certein classes
of organics are the major negative fectors in this system.
Oxidetion ponds sre not often sersted and depend on oxygen
diffusion. When lend costs sre low, legoons or oxidetion
ponds represent the chespest setisfectory form of orgenic
waste treatment.

Biological reduction is sccomplished by eneerobic bacteria
and the reduction of organics results in the production of
HpS, CHy end COp. This principle is used in sludge digestion
systems for the reduction of volume of sludge end production
of sludge gas. Methane is the primery constituent of sludge
ges end may be used to heat the digestion tenks, for space
heating, for motor fuel, or msy be used es & compressed gas.

Biologicel reactions sre importent for chemical recovery ss
well ss for waste disposal. Meny industriel wastes such as
paper and pulp mill wastes, brewery and distillery westes,
residues from the processing of corn snd beet suger are
suiteble as fermentation seeds. The products from the fer-
mentation of these wastes ere useful and include the following:
drugs, vitemins, enimel feeds, slcohols, acetone and flavor
enhancers.
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2. Chemicel Resactions

Chemicel oxidation hes been used to treat westes near room
temperature but ere limited in applicetion due to high cost
or low reactivity. The chemicel oxidents end area of use
are listed in Teble A-1T,

Incineration is & chemical oxidation process and has been
applied to:

b.

Ca

wastes containing orgasnics in a number of contacting
devices such as fluidized beds,

wet oxidation of orgenics et eleveted temperatures
and pressures,

thermal decomposition of inorgenics in order to
recover valuable components, as in the reburning of
lime mud (arising in water trestment, suger and pulp
mill wastes) to recover lime,

thermal treatment of inorgenics to recover valuable
components, as in furnacing of kraft black liquor
to recover pulping chemicals, and

oxidation of organics during the regeneration of
adsorption and cetalytic agents and of caustic solu-
tions.

Table A-~1 summarizes chemical oxidants and area of use.
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TABLE A-T

CHEMICAL OXIDANTS AND AREA OF USE

S. No, Chemical Oxidant

1 Air

2 QOzone

3 Chlorine,
hypochlorite and
chlorine dioxide

4 Electrolytic
oxidetion

5 Permangenate and
dichromate

6 Hydrogen peroxide

7 Nitric eacid

Area of Use

Limited to eesily oxidized pollutants
such as sulfites and ferrous selts. Air
may be used to eagitate westes and sweep
out geases.

Mey be used to oxidize most organics
and many inorgenics, but is limited by
costs. Hes been suggested for phenolic
snd cyanide wastes.

Used as & pretreatment or disinfectant.
Chlorinstion has been used to treat
cyanide, phenoclic, textile, tannery,
meat-packing end beet sugar wastes, and
paper mill white water.

Useful for oxidizing cyenides eand for
treatment of pickle liquors.

Limited use due to high cost.
Has been suggested for leundry, phenclic
and cyanide waste.

Suggested for treestment of ammonie-
still liquors.
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APPENDIX II

OTHER CHEMICAL REACTIONS OF INTEREST

Complexing

This has been suggested as & means of treating wastes and
recovering by-products. The system hes been spplied to cyesnide &nd
pickling wastes and to the removel of iron and menganese from water

supplies. The high cost of the complexing agent mekes this process
prohibitive.

Reduction
Chromates arising from plating baths ere reduced with iron,

zinc, bress or sulfur.

Precipitation

Heavy metals such as iron, copper, zinc and cadmium mey be
precipiteted by the addition of elkalis., Chromium mey be precipi-
tated by the addition of e soluble berium salt, such as barium
sulfide. ‘

Neutralization

Many acidic wastes are normelly neutrelized with lime and other
inexpensive elkeli snd slkeline wastes are neutreslized by sulfuric
acid end weste hydrochloric acid.

Solids Separation

Many industriel westes contein solids and colloids, which may be
removed for reuse or disposal by the applicetion of gravitetional
forces or blocking functions. Gravitational systems depend on the
tendency of perticles to settle at rates dependent both upon their
size and specific gravity differentiel between the particle and
fluid. This principle is applied in equipment such as sedimentation
tenks, thickeners, flocculation tenks, cyclones, centrifuges, screens,
filters end sieving membreanes.

Foemingﬁand Flotation

Foem separation is snalogous to solid -~ liquid adsorption,
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replecing the solid phese with & ges phsse end including the
important factor of entreinment.

In foeming, soluble surface-sctive agents gether et the
solvent-air interface and the presence of air bubbles produces
e foam which mey be removed. If surface-ective sgents thet com-
plex heavy inorgenic ions ere sdded, these ions may be removed

by foeming.

Foem seperation technique has a grest potentiel in ssnitary
engineering seperstion technology and cen be used in the following:

1. Seperastion of ABS end orgenics from secondery effluents.
2. Removal of refresctory meteriels from tertiary effluents.
3. Removal of rediocective metesl ions.

4. Direct trestment of leundry wastes,

5. Removal of specific surfactents from industriel westes,
such as refinery and petrochemicel wastes.

6. Seperation of phenol from refinery westes.

7. Recovery of hesvy metsels, such &s Cr+6 in westes from
metal-finishing industries.

In flotetion, air bubbles attech themselves to solids end cerry
them to the surfsce. This system removes both flocculeted and
unflocculated solids and the addition of a flotation agent results
in better solid separetion.

Adsorgtion

The contaect between waste stresms and high-surfece-arees commercial
adsorbents will result in the removael of solubles from the waste as
an adsorbed layer on the solids. Commerciel adsorbents have large
surfece ereas per unit weight, unsatisfied surfece bonds to effect
edsorption, and sufficiently lerge pores to permit diffusion of the
adsorbate to most of the surface. They must also be either low
priced or eassily regenerated.

Adsorption mey teke plece in columns, filters, sgiteted tenks or
pipe lines. A few sdsorbents that have found widespread scceptence
include sctiveted carbon and bone cher, silice gel end activeted
silice, bauxite, alumina, cleys end fuller's earth. Adsorption hes
been used in the treatment of organic-conteining effluents from
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laundry, sewage, organic chemicel and dye works, and in the removel
of metal ions from plating beths.

Ion Exchange

Ion exchange is the reversible exchenge of ions between a solid
and liquid, in which there is no substantial change in the structure
of the solid. These systems are usually opereted by contacting the
liquid with the ion-exchange resin in a column. The process is
such that the pollutant ion may be recovered for use. Ion exchange
has found epplication in the following as given below:

1. Recovery of chromic acid from cooling tower effluents.

2. Treatment of cysnide wastes=--gives greater safety and costs

less when compared to conventionel methods of treating
cyanides with chlorine.

3. Recovery snd concentration of vealueble metals such as silver,
gold, platinum and nickel,

4. Recovery of metals from pleting baths.
5. Treastment of low and medium level rsdiocactive wastes.
6. Recovery of isotopes from high level radiocesctive wastes.

7. Recovery and removal of ionized orgenics from esqueous solutions.

Membrane Processes

Membrane processes are widely eppliceble to weste treatment. Three
important and feasible processes ere:

1, Dieslysis: a separation method that utilizes diffusion as
its driving force. In some cases, the membrance acts es a
molecular filter. Dielysis hes found application in the
recovery of rayon from textile wastes, acids from spent liquor
in the metal-treating westes,

2. Electrodielysis: uses electromotive driving force. The
ability of membranes to selectively pesss either cetions or
enions is used in this process. Electrodielysis is used in
the recovery of scid end iron from pickle liquor, and in the
weste water recycle for the removel of dissolved solids.

3. Reverse Osmosis, or Ultrafiltration: uses e pressure gredi-
ent to meke & separetion based on the relative solubilities
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and diffusivities in the membrene of the various liquid
phase components. Reverse osmosis is used in the tertiesry
treatment and reclametion of weste water.

Solvent Extrection

Solvent extrection is not often used in waste treatment since it
is expensive end not well suited to either treat large end varying
volumes of liquid or remove trace quentities. Solvent loss is often
responsible for high costs. However, solvent extrection is applied
to emmonis-still westes to recover phenol, wool wastes to recover wool
grease, and pulping liquors to recover escetic end formic acids.

Eveporetion and Crystallizetion

These processes involve separations by the formetion of & new
phese end are expensive when epplied to dilute systems. However,
eveporetion is frequently involved in thermel oxidetion processes in
which organic-conteining westes are mechenicelly concentrated prior
to eveporation, combustion end oxidation. Eveporation is useful in
treeting concentrated solutions but the epplicetion of evaporation to
dilute solutions is limited to speciel ceses such &s the concentration
of rediocactive wastes.

Crystallizetion is involved in processes developed to treet
pickle liquors &nd weste brines.

Ultimate Disposal

Ultimete disposel must be used for solid or highly concentrated
liquid westes that cennot be used or recovered. A large number of
ultimste disposel methods sre available and the choice depends on
waste cheracteristics, economics and locel reguletions. A number of
cerefully developed studies have been mede to determine the optimum
means of disposing of wastes such as sewage effluent concentrate and
see water brine. Methods of ultimete disposel include the following:

1. Thermel oxidetion - useful for organics end for stebilizing
organic-inorganic mixtures.

2. Long-term bioclogicel oxidation end reduction - often not
purposefully done but a naturel consequence of other ections
such as the use of sewage sludge for fertilizer.

3. Return to soil in s stebilized form - useful for most
inorgenic westes.
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Disposel into the ocean - common practice for plants and
cities loceted near the ocean.

Deep-well injection -« en extremely promising technique
limited only by geology.

Encepsulation - limited to radicective wastes.
Salt cavern storage -~ suitable for nuclear wastes,

lLong-term tank storage - practical only for high level
nuclear wastes.

Short-term lagooning - useful for reducing orgenic,

nutrient and thermal losding but not & true ultimete disposal
method.
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APPENDIX III

PHYSICAL METHODS OF TREATING GASEQUS WASTES

Gaseous westes generelly find their wey into liquid wastes through
wet scrubbing or other processes. Verious methods are precticed for re-
moving solids from gas stresms under & variety of conditions. The
common devices used are based on & limited number of principles such ss:

Gravitational force

Maulti-grevitationel force

Simple settler

Cyclone

Interference - Gas filters

Contect with & liquid phase (Scrubbing)

Other externel forces

Venturi Scrubbers, etc.

Electrostetic precipi-
tetion, ultrasonics, etc,

Geseous wastes ere trested by teking sdventage of molecular distri-
butions such as:

1.

Adsorption

Ges purificetions mey be performed by edsorption and desorption
cycles. Activeted cerbon, silice gel, alumines &nd molecular
sieves find broed epplication.

Absorption

The liquid scrubbing of gases is widely practiced for the
recovery of SO, from power plents and sulfite mills.

Ion Exchenge

Some resins cen remove pollutents such es SOZ but sre
limited by temperesture.

Membrsne Permeation

Seversl applications have been developed and employed in the
separation or purificetion of geses. Use of thin silicone
rubber membrenes for the purificetion of ges streems, develop-
ment of glass membrane eand fluorocerbon membrane for the
separetion of helium from naturel gas and production of hydro-
gen from wastes by permeation through & palladium membrene are
some of the epplicetions in the membrene permeation field.

86



Chemical Reaction

This is precticed to produce a more velusble, more
collecteble, or less hermful product. Removel of sulfur
dioxide from power plant stack gases is & classic example.

SO. is converted to SO_, by chemicel oxidestion end, subse-
quéntly, removed. ThisS conversion is necessary and beneficiel
because of the higher solubility of SO, end the velue of
sulfuric scid. The method is expensive end difficulties sre
often encountered due to low concentrations of the pollutent.

The most direct method for the removel of e reective pollutent
from & ges stream is to contact it with 8 resctive solid so

as to fix the pollutant in e permenent or semi-permanent
feshion., Use of lime, fly &sh, or ferrous slag in e fixed,
fluidized or pipeline reactor has been suggested for the re-
movel of SO2 but this eppears to be expensive due to high
pressure drops and poor solids utilizetion.
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