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NOTICE

This report is part of a series of 9 volumes on the recycling of solid

waste materials:

Volume

II
111

v

vi
Vil
VIII

IX

Materials Covered

. General Report

Aluminum

Copper

Lead

Zinc

Nickel and Stainless Steel
Precious Métals ‘

Paper

Textiles

. The reader should read Volume I as well as the volumes covering

materials of specific interest. Volume I provides a brief summary of the other

8 volumes, plus an analysis of activities and recycling problems common to all

of the commodities. Areas of commonality include such matters as legislation and

its ‘effect on recycling, and a description of the equipment used in processing

’secohdéry materials. It also presents a statistical profile of that portion of

the Secondary materials industry studied.
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" SUMMARY

The economic recycling of waste materials is desirable becduse (1) it

. aids in the conservation of natural resources and (2) reduces dependence on

foreign ores. Recycliﬂg is not a new concept, having begn fracticed for many
decades. Reéycling, therefore, is of interest to the Office of éoiid Waste
Management whose responsibility it is to formulate and recoﬁmend solid waste
programs for the Un%;e@'States. This repbtt'on the recycliné of aluminum
provides information and anblyséé to be used as a basis for program planning.
The report was prepared by Battelle-Columbus with the gﬁid;nce and help of the
National Association of Seédhdar& Material Industries (NASMI). It is based on a
12;ﬁonth study of aluminum fecjéling.

The report reviews briefly the demand and supply for aluminum scrap in
the United States. It analyzes the recycling of aluﬁinum,.the operations of scrap
processors and smelters, sources of aluminum scrap, markets for secondary ;1uminum,
and‘recycligglra:e;tby gypés of §ézap. Bdsed on this énalysis the report presents
the prob%ems faced by the aluminum recycling industry. Finally, it evaluates
these problems to determine'priorities, and recommends courses of action to solve
or reduce these problems - with the emphasis on increasing recycling of aluminum
in order to reduce solid waste disposal proslems.

Aluﬁinum has a relatively high scrap value, and therefore, the scrap is
reclaimed under conditions where lower. value scrap materials (such as steel,
and lead) would not be réclaimed. Yet, in terms of maintaining an environment
free of solid waste, the major ﬁtobleﬁ in aluminum is the collection of old
aiuﬁinum scrap, especially that scrap in the form of cans, or packaging foil, or in

the form of a part oh a complex piecé of equipmént such as an automobile.



" Aluninum Recvcliig_ —inaustry

The iﬁportance of recycled aluminum in the t;)tél ;iuminum market is
unknown because statistics on aluminum scrap consumption are available only for
scrap which is actually purchased. On the basis of purchased'scfap only, recycled
aluminum accounted for 18.6 percent of the aluminum supply in 1969 and the aluminum

recycled is 48 percent of aluminum calculated to be available for recycling.

Consumers of aluminum scrap, that is, the secondary smelters, primary
producers,' and nonintegrated fabricators all buy and use new scrap. Alt'hougll'x
definitive data are not available, nearly all of the new aluminum scrap produced
is recycled. On the other hand, old alunimma scrap (generated when articles
containing aluminum become obsolete) {s consumed by essentially only one element
of the recycling industry, the secondary smelter. 1) Although only rough esti-
mates are possible, this report shows that only about 13 percent of the old
aluminum scrap theoretically available is recovered. Figure I presents a flow
diagram showing the data and estimated statistics of aluminum recycling in 1969.
Examination of this figure shows that an estimated 2.2 million tons(z) of aluminum
were theoretically available for recycling in 1969. Of this amount, about
1 million ton was recycled - about 74 percent of this v;ent into casting alloys
and other secondary smelter products, while about 25 percent went into wroughtv
aluminum products.

If increased recycling of old aluminum scrap 1s stimulated, there is a

limited market available. This market is the secondary smelter, which in turn has

(1) The aluminum can recycling programs qualify the primary aluminum companies
as recyclers of old scrap. The quantities of aluminum recycled are very
small compared to those quantities recycled by the secondary smelters.

(2) Does not include new scrap that was not purchased.
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This work

(NASMI) .

Industries, Inc.
This report on aluminum is one of a series of eight commodity

In June, 1970, Battelle-Columbus undertook a research program for the

was carried out under_a subcontract from an Office of Solid Waste Management
grant to NASMI.

National Association of Secondary Material
reports plus a general or summary report.

ack

The Office of Solid Waste Management is responsible for formulating and

This includes pursuing appropriate research to determine the status and problems *
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recommending Federal Govermment policies in the area of solid Qaste’pollution.

pollution.

TABLE 1. ALUMIRUM RECYCLING « MAJOR PROBLEMS AND RECOMMENDED ACTIONS

Prodlen

Reclamation of Aluminum Scrap
From Container and Packaging Sources

Atr Pollution Control

Reclamation of 014 Aluninum
Scrap From Transportation Sources

Probles
Definition

Prodlem
Analysis

Action
Recoummended

By Wnow

Bpecific
Steps

(1) (2)(3)

1.
2.

3

*

EPA, NASMI,

ceg.iinly

1.

Scrap is widely disseminsted.

roll, caps, ctosures, and contalners
are found in household and industrial
refuse.

In addition, aluminum conteiners are
often disgarded as litter,

Collection {s & major part of the

ion of refuss within the
014 may aid {n utilization.
from munfcipal refuse may
» solution.

Legislation slmed st segregation
and collection problems may help.

Continue current can reclamation
prograns.

Utilize current collection .w-ni
to obtain scrap, i.e., local refuse
collecto:
Promote segregation of aluminum from
refuse at the source by law or other
incentives, and/or

Develop an sconomic syatem for recy*
cling sluminum from municipal refuse.

USBM, Alumioum sud Aluminum
, Council on Environmental

Intens{fy current USBM and othor
studies on uttlivation of urban refuse.

-2, Promote and/nr sponsor pilot studies on

ation of aluminum screp from
other refuse ot the source,

Aluminum and sluminum con producers
should continuve can reclamation
programs, espacially as on effactive
way of vemoving can lftter.

Costs of equipmant are very high come
pared to totsl luvostment of most
screp deslers and secondary smelt
Reliability ‘of present equipment is
rated as poor.

Lack of uniform standarde and enforces
ment penaliae those that control
eniselona,

Coutinual changing of stsndarda
penalise thoae that have purchased
control equipmunt.

Alr pollution laws and snforcement
ars not uniform throughout country.
Pollution control oquipment finsneing
is difficult for the small smelters.
There appesars to be 2 lack of reliable
air pollution control squipment cape=
ble of attaining some afr pollution
standurds,

Push pessage of vealistic federal air
pollution lawe with stroang provision
for equal enforcement.

Provide financial ‘aid {n the form of
low cost loans or rapid tax writeoffs
to companies purchasing neseded
aguipment, ’

Initiate research end development on
more dependable and maintenance-free
air potlution control equipacut.

EPA, NASMI, ASRI, and Fquipment
Maoufacturers

The recoamended alr pollution laws
and (inencial aid can be provided
through contact with legislators,
Concerned organizations should present
specific air pollution control equip=
ment needs before manufscturers and
pressure for developoent of noeded
equipaant,

Not all sluainum on & selvaged suto e
utilized,

AMrcrafc scrap is an obvious source snd
1s recovered if econowmticel.

Other sources Lnctude trucke, treilers,
buses, boats, etc.

. Better utilization of sluminum fo the

nonfescrous fraction of suto shredder
scrap 1o ngeded.
Inproved collection of sbandoned

- autos is needed.

KPA, NASMI,
Auto Weackers' Associstion

1.

Some ol4 scrap is not recoversdle
because an item such ss an airplane
may be exported or becoms obsolete
overseas.

Even though large n:-sn::- of alw
minum are nov being recycled, transe
portation items repre: s proaising
ares in which to incre: cecyeling
of aluminum,

Learn to better utilize sluminun from
auto shredder scrap.

Cont{nue research being performed by
industry and the USBM, EPA, and RASMI
on removal of aluminum from suto
shredder scrap,

Improve collection of sbandoned suto~
ﬂv::. especially in remote aress.

and USBM end Legsl Action -+

Continustion and intensification of
tesearch und development by industry
and the USEM,

An EPA/NASML/USBM tesm could monitor
progroas and point out aress vhere
further research fa needed.

(1) The responsibility for recommended actions shown in this table arc based on importsnce of the

action, benefit to the nnmvozn«-. and opportunitics for NASMI.

of Battelle.
(2) Recommended actions were m».nq»ecnea between 7nw= priority and lower vnnon»n< based on the
evaluation with three criteria.
€3) It s suggested that NASMI continue nn- leading role in recyeling, recognizing that other

organfzations such as the Bureau of Mines, Department of Commerce, Council of Environmental
Quality, MEW Office of Information, and State, Local, and nonano~ rnn»-—-ucne- must be

involved,

They are n:. vo.n Judgments

JuR|q a3ed 3uipasaly
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One approach to the reduction.of solid waste pollution t;'to reclaim
waste materials for reuse - the recycling concépt. A well established industry--
the secondary materjals industry--exists to accomplish this recycling. NASMI is
the trade association representing the nonferrous metals, paper, and textiles
portion o§ this industry.

The scrap processors, secondary smelters, and other companies that make
up the secondary materials industry have déveloéed ;fféétive channels and methods
for recycling nearly all waste materials 9f economic value. These companies have
performed their difficult and essen;ial functiPns well in the traditional economic
environment. '

More recently, additional dimensions have been added to this traditional
economic environment. These new dimensions are (1) improvement of the environment
in which we live, and (2) increased neéd for.ggg§g;gg5ng_gﬁ_ggggggl_;gggg;ggg.

No longer {s economic éain the sole driving-force for ‘récycling of waste
materials. Social gain has ‘been added in the forms of improved living conditions
aﬁd preservétion of resources for future generations. * In an economics-based
nation this creates proﬁléms af interpretation and evaluation of noneconomics-
based goals and activities.

The purpose of this series of reports is to identify obstacles to,the\
recycling of nonferrous solid Qascas, and to recommend directions for investiga-

tion and research to overcome these obstacles.
Qbjectives - . -

The objective of the study on which this report is based was to identify
opportunities for the increased utilization of solid waste. The major sub-

objectives were:
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(1) ‘To determine the structure and functions of the secondary
materials industry, and its relationships to soyrcés of
supply and markets

(2) To identify and evaluate problems of recycling - materials,

sources, industry, and markets

(3) To determine opportunities for increased recicllng.
Scope

The major subjects included in the scope of the study are the secondary

materials ‘industry, the materials it recycles, the sources of solid wastes, and

the markgts for recycled materials. - Activities peripheral to these major subjects

are considered where pertiment to recycling.

The materials included in the study are:

Aluminum Nickel and Nickel Alloys

Copper and Copper Alloys Precious Metals (Silver and Gold)
Lead - Paper v
Zinc. . Textiles

Research Methods

The methods and procedures used in the study are discussed under four
types of activities. They include (1) literature search, (2) e;tensLVe survey,
(3) in-depth survey, and (4) analysis and synthesis.

Literature Search

The literature search included reviewing and studying books, Goﬁernment
reports, industry reports, and trade journals covering solid waste handling and

problems, recovery and market data, and recycling of valuable materials.

48



The ‘results of this effort included the,agcumulapidgﬁbt_data and descrip-

tive material, and an organized bibliography dealing with each of the commodities

covered in the scope of the study.

Extensggg sg‘!gx

.

The extensive survey of the ;econdary materials industry consisted of a
mail survey and personal interviews with management personnel of companies
involved with the collection, processing, éhd sale of secondary materials.- About
600 responses were received.

The information developed through the extensive survey included dollar
sales, tons of major materials handled, typesvof solid wastc processed, sources
of materials, investment, equipment and facilities, number of employees, the
amount of space used, and the grades and quantities of secondary materials
produced.

The data from the extensive survey provided statistical tabulations of
the regional distribution of the secondary materials industries by type of
commodity in terms of numbers of establishments, volume of business, and numbers

of employees.
In-Depth Survey

The in~-depth survey of selected members of the Qecondary materials
industries, their suppliers, and the users of their products served to identify
;he major technical and economic problems facing those companies involved with
secondary matérial utilization. About 200 1ntérviews were completed. Battelle-
Coiﬁmbus and NASMI commodity spectallst§ jointly selected the companies to be

interviewed in depth.

19
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.Intet§£éw4édideé for eachuof'thé‘caﬁmbdities'we;éﬁérepated; The
problems and potential solutions for greatest recycling and waste utilization
that were developed from the literature search and prior Office of Solid Waste
ﬁanagement work plus the knowledge of the NASMI commodity specialists provided

the basis for designing the interview guide.

n: and

The analysis and synthesis step was concerned with the collation and
analysis of data and information derived from both the literature, extensive
survey, and in-dépth survey. The analysis and synthesis activity coéered the
following tasks:

(1) Economic Data on_the Secondary Materjals Ipdustries. The
economic data developed through the extensive survey of the
secondary materials industries were tabulated and analyzed as
to the amount and type of solid waste handled and as to
operational data such as number of employees, amount of space
required, capitalization, and geographic locations.

(2) Flow Diagramg and Life Cycles. Flow diagrams were developed
to fndicate the flow of materials from primary production
and scrap sources through fabrication. Life cycle estimates
of various products were used to develop data on quantities
available for possible recycling. '

(3) ngmggﬂ;ﬁggglx_kglg;;gggﬂ;g&. Estimates were made of future
demand and supply levels for secondary materials. The rela-
tionship between these data provide an indication of potential

surpluses or shortages of recycled materials through 1980.

=<
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(4) Stabiliry of Flow and Consumption. This analysis is closely

()

()

0

related to the supply-demand ana}ysis described above and
identifies the abilify.of the various segondary materials to
éompete as source materials for manufactu?ets., A number of
factors were examined such as price changes in the secondary
materials, the availability of materials, ;nd the effect of
sudden changes in the magnitude of demand.

Direct Impacts of Technological Chgégg. pirect technical and
technological factors were examined to determine their effect
on rates of processing and recycling. Potential changes that
could take place in technology that could decrease or increase

the rate of solid waste recovery were examined. This included

the identification of potentially recoverable solid wastes, the

problems limiting the recovery to current leveis, and the possi-
bilities of technical advances through the use of known tech-
nology or through added scientific and engiheering,reseafch.
Constraints on Expangion of the Secondary Materials Industries.
This analysis included consideration of elements critical to
expansion of recycling - labor and management availability, laws
and regulations, equipment availabili?y, nature of soliq wéste
materials, market needs, etc.

tentials f ngion of the Second ateria Industries.
Based on the constraints identified in the above task, plus
examination of various methods for overcoming constraints, this
task determined the ability of the sedondar& materials industries

.

to meet new opporturities for recycling.
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(8) Indirect Tgcpgolggicgl Change. The broad overall techﬁéldgtcal“
trends indirectly affecting the secondary materials industries

weére examined, and their probable impacts determined.

In order to better understand the aluminum iecycling industry, it is

important to know the makeup of the entire aluminum industty and its products.

thtgcterggt;cg of Aluminum

Aluminum is the "newest" of the metals covered in this series of
reports, and in terms of production volume, is by far the most important.l The
properties responsible for the widespread use of aluminum are its low denmsity,
high strength-to-weight ratio, and good electrical and thermal conductivity.
Also, the metal and many of its alloys may be formed or cast easily, and it is
resistant to man& forms of corrdsion. The unit volume costs of aluminum are

relatively low, although not as low as steel.

o llo

Wrought alloys are generally those which are rolled, drawn, extruded,

or formed by some fabricating method other than casting. These alloys are

designated by an identification system devised by the Aluminum Association.

(See Appendix A, Table A-1, for details of the identification system.) Permissible

impurity levels for wroughﬁ aluminum alloys are given in Appendix A, Table A-2,
Because of the very low iﬁburity levels specified, the use of scrap in preparing

heats is usually limited to new scrap that is well segregated.
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Aluminum casting alloys are used in die, permanent mold, and sand
casting. Aluminﬁm Association designations for casting élloys are given in
Appendix A, Table A-3; while former commercial designations and chemical speci-
fications of selected alloys are given in Appéﬁdix A, Table A-4. oOther designa-
tions and specifications for aluminum casting alloys have been issued by the
Soclety of Automotive Engineers (SAE), the American Society for Testing Materials
(ASTM), and various agencies of the Federal Govermment. In additkon} some
aluminum producers have their own designations.

Thevspecifications for many of the casting alloys permit more than
trace amounts of iron, zinc, and manganese. The use of scrap in preparation of
these alloys is not as critical as in the case of wrought alloys. 1In fact,
casting alloys are prepared from old scrap and new scrap that has not been highly
segregated.

Some casting alloy specifications are, however, highly restrictive in
terms of chemistry; and preparation using little or no scrap is dictated by the

specification.
Other Formg of Aluminum

Relatively low purity aluminum is used for deoxidizing iron and steel;
Specifications for '"deox" along with the ASTM and commercial specifications are
given in Appendix A, Table A-5. Deox is essentially a low purity form of
aluminum, and in most cases can be prepared readily from scrap. Aluminum in
metal, alloy, or scrap form may be used in the reduction of certain ferroalloys,
in iron, zinc, and copper-base alloys, in the production of aluminum chloride,

explosives, pryotechnics, exothermics, etc.

. Charact £ t umin ust

The aluminum industry, for the ﬁurposes of this report, is viewed as -

including the following types of compantes.

(1) Primary Producers are those companies which produce aluminum
metal from alumina. Some of the primary producers are fully
integrated, in that they own their own bauxite* source and
alumina plants. Most are integrated forward in that thegmgu;
their own facilities for producing aluminum shapes from
primary ingot.

(2) Nonintegrated Fabricators are thosé companies which buy
aluminum ingot, billet, and/or scrap, melt and fabricate
into a wrought form by rolling, extrusion, etc.

~(3) Secondary Smeltexs are those comﬁanies which purchase aluminum
scrap and process it into secondary aluminum alloys.

(4) Scrap Procesgorg are ;hose companies which collect, sort,
process, and sell aluﬁinum scrap. Most aluminum scrap pro=~

cessors handle other scrap materials as well.

Bauxite ore is used In the production of alumina, from which aluminum
1s.eventually derived. Bauxite comes from foreign sources. The major suppliers
in 1969 were Jamaica, Surinam, and the Dominican Republic. In some instances
alumina is imported directly, the major sources being Australia and Surinam.
Bauxite, and other .aluminum containing minerals are plentiful, and large depgsits

exist. There appears to be no problem with future supply.

* (See Material Sources.)
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Figure 1 gives;a Vgraphiqa.l x"ep]resenta'tio‘!"l' ::f"t’hé varioys a_luminum': .

sources and markets in the year 1969. The market for aluminum is given by ’

wJiog- |Inpold g

k1063109 asn pu3l Ag

. |
p}'oduct form and by end use categories. This figqre ;.t:f;wsldtmstic primary: pl‘éﬁ ; - g 29
ductj.on accounts for 69 percent of the total aluminug §}mp}y, while se‘condary gg» % 2 é r‘é §
recovery accounts fopl}percent, or abc;xt 1/5 of r.he syﬂply of aluminum, 2 ; § g ¢ 3 5 §
. s SR SRR A
. Production of primary aluminum in the U. S. is dominated by gﬁe ‘so- ' » w - §§§
called "Bi; Three"--Alcos; Reynolds, and Kaiser. Thesg,.foﬁ!pa,nies acco;':;lted f‘or_ '! A-g % §§.
73 percent of primary alumiaum capacity ‘existing in 1970. _ The companies pro&uciug l & a g
primary aluminum and their size in terms of production capacity are given in . § g? » 3
Table 1. Since power 'is a-signific'ant portion of prodqc;ion costs the primary ‘ ; g‘ g
producers ﬁend to locate near sources of low cost. Q1§°tfici§?~ Thus, they have ! %g %
_located generally m TVA and Bonneville pover_areas, or where cheap coal-based. . ’ . . . A E ; %
power is available. Despite an over suppl, situation, sfattiug in the last- h { '.:3 é ’Z:‘ ;i
quarter of 1976, new reduction facilities are, under construc'tiog and others have _(. g % B 2
been announced for future construction. ;:g
The secondary aluminum smelters are much smaller and more widely é §
scattered than primary producers. According to the Aluminum Smelters Research g § ® ®
Institute (ASRI), about 35 companies actually prepare specification ingot for . . -~ - ' - § 2 gé_“ g
direct sale to the énd user. Table 2 presents the estimated capacities and loca- g © s€§ :;'
tion of the large secondary smeiters. The eight companies listed are active in 18 E B
locations and have neariy enough capacity to produce as much second?rx ingot as ; = ‘::
was shipped in 1969. The secondary smelter; tend to locate near sources of scrap c_ng §
and markets. Thus,; much of the production capacity is in the Ohio, Indiana, - - ;3; 2
Illinois, Michigan, and Wisconsin areas. On the West Coast, the Los Angeles area is 3

a popular site for smelter location because of the abundance of aircraft scrap. !
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TABLE 2., ESTIMATED CAPACITIES .>zv‘roo>._.~02m. OF
LARGER SECONDARY ALUMINUM SMELTERS® - - '.

. : o

' h - Estimoted 1969

Parent Company oL Division,

Location . . Capacity, Tons/Yr:.:,
U. S. Reduction Company ’ ————— . . East .Q;nmmo. Indiana * 45,000
’ : : : " 'Alton, Illinois 30,000 *
. s . Russellville, Alabama 23,000 .
T . ’ Toledo, Ohio - 21,000
o : : Aurora, Illinois . 15,600.
- Ontario California - 29,600 o
’ ) : ' K g . 160,000%
Vulcan Materials Company A. & M. Division 08k Creek, Wisconsin = ° 48,000 .A.. ;
. Sandusky, Ohio <, 40,000 .
Corona, California
Hot Springs, Arkansas
‘American Metal Climax Apex Smelting Co.. Chicago, Illinois :
) - , Cleveland, Ohio . .
Long Beach, California
Ogden Corporation . Wabash mamw.n.»sm. Ine. Wabash, Indiana .,
Rio Tinto. Zinc . Alloys & Chemicals " Cleveland, Ohio-
Michigan Standard Alloys Cleemee " Benton Harbor, Michigan
Diversified Metals Corp. George Sall Metals ' Philadelphia, Pa. -
. N . . 1
Aluminum Smelting & Refining . c—emee Maple mmwmrnw. Ohio
,ﬁ.aoan . L.

8

*.Hnmwcmmm expansgion in several facilities not accounted for on an individual basis. A.A.
Sourcé: "Aluminum: Profile of an Industry", pp 44-46, v:vtb«@ by Metals Week, 1969, and ‘ww.”nm;m

~ . —~ L,
\
m .
) S - .
- .
> . '
. - =3 o g m m
;| 8888888 g 8 8 § 88898 g g88gs
.- - - 3 ~ - - - “haaen - e
O stssms n w (=4 ” (=4 () o ™ [ [~3 . MNQOO D~ w o
9 NARON o ~ 3 NORAN - ~
134 O vt ot N - 1w - -t * % mmm " * m 61m111 % (-] N
oo - ) <
. o .
m -
: —- . -
N3 . . .
2 * .
o ’ i B > N .
217 . . A e
- - B : -
E . PO - a
[v4 + . - -~
133 A . . 0-.
B J . .. LT =
‘ ' . . SN BN o
* ‘. P M -k : "
m A 7 - - ~
. ” . -
o . g v : ~
M i . - . : @
Coad B . e o . a
: L. e LY .
K] . . - m:
] s . PAN A e : v
. : ? . 1] . ]
M DL . a.W . g [
A e . . A 3 '« a _ .
od o . > ) " : -l kb 1 . “
a “ | o a d i) ] o e - -
& u -] 9 v o " - m ax
L) < =2 m o 0 9 - O © o . o o e
‘e [ - a @ o O ™ be o - 1 C > ® N6 Q
- i [ - L] o I .mn 12 (- - D o &0 e - -t vt QO - - X
.m - »® 0 0 . 9 a mn "] m.u > e mc ynnmt Q o
& m oM 9 ] e m - ° m. 0Ow £= o 23 £ 99 W % € ~
k-] LR E I R §3. - o as Voo - - EET AR Lt o
u = o ] ac oo - - Wa ] be @ wCown < c Okt M @ wd O e B ] -
< Slwnds .888% ® B -1 0@ w3Ieooec ] 0 EdQLC—=E> & L h.
13 . -1 - -t -t o Im [* 5.3 EQ X -~ L - R o < @0 o 0 -
. > SzabhexRE 6% § mm 2 RS B - e S -.CFaxgo -« 8 | o
.. e V.mt 0 & - L - m.. ww s ®w wos 00 LR KT L) ¢ g
a| g€ mzw art e B e g - ma m 282 & 2 3 B~ ZY s o= W L .
Q%0 mnr 9 - < - o o e mox w - Hoe S A o @@ =} m.c
m. Qe Z -~ 0o -0 o ma mc. g~ - CEYR- N - R o - @ Bed vt B n b L} -
[ a0 pxs 6 84 ol LA pot m.@ SLUxS .9 35 w9 Lo EEsgwuw o -3 [ o W
5] ~afg WPIUVY R o0 o ok B8 € @ + 0>, 048 20 WehcCav & QO o
VOO LTY QO Aw o < o 2 - mm.nm w0 Qo ET z 2> 00 v em
O @ BM U M'® L] o - < - -0 Y "o " LR N a3 - (7]
833558858 55 32 sE Yp o3 YEpE:  wi 8E siisfise .
nABm%.mVHH mnw i ﬂh w.m e nUSee e M.AJ.L.whST o 8
m o o ] I - o € @ b
3 : § : 5§ i s b % 23
< < 3 [~] - -] ¥ - = (=] ] * ©

<7



i

Table 3 gives .the latest available Bureau of Census Data (1967) on the

pr1mary aluminum industry and the secondary alurninum smelters. Several imporcant

differences between these two, - types of producers are indicated. For the secondary

smelters the cost. of materials 1s

percent;of the value of their shipients.

For chezprlmarx rqgot producer,\‘thxs”reﬁo is 6n1y~52-53 percent, due to the

h R DR :

necessarf greater };aIue Aaddec-i_-i'n Sstarting from' bauxite.

.. Table 3 is aiso.useful..bécau'se it shows the relative difference in sizeb
. of the prima:y industry as- compared to the secondary smelters.

value, of ingot shipments by the przmaty producers is almost four txmes that of the

For example, the

secondary smelters o :-:. T
Production = L
s ’,“_ ;A‘ The supply of aluminum in the U.S. is give uin Table 4 for 1968 and ‘

1969.° In 1969 primary production of 3,793,000 tons was supplemented by secondarv

g -

recovery of 1,030, 000 tons. ‘

2

&N . 3. . . H
it L s . . R

-\ ,TABLE 4. SUPPLY OF ALUMINUM, THOUSANDS OF TONS

. ‘ ' 1968 1969

Domestic Production (Primary Ingot) 3,255
Domestic Secondary Recovery = ... 997
“Recovery From Imported Scrap 34
Unwrought Imports’ . Co- < 675.5 .
Imports of Mill.Products *~ . - . .7 - 70 -l
Shl.pments from GSA Stockpile - = . " - 56,5 ..

- Total Supply

" Source; The Alummum Association,

Aluminum Statistical Review,
’ 1969 P 13 - LT
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TABLE

2,

ESTIMATED CAPACITIES AND LOCATIONS OF
LARGER SECONDARY ALUMINUM SMELTERS

Parent Company

Division

lLocation

Estimated 1969 - -
Capacity, Tons/¥r: -

U. S. Reduction Company

Vulcan Materials Company

American Metal Climax

Ogden Corporation
Rio Tinto Zinc
Michigan Standard Alloys

Diversified Metals Corp.

Aluminum Smelting & Refining

. HOan

A. & M. Division

Apex Smelting Co.

Wabash Smelting, Inc.
Alloys & Chemicals
Sall Metals

George

East Chicago, Indiana
Alton, Illinois
Russellville, Alabama
Toledo, Ohio

Aurora, Illinois
Ontario California

Oak Creek, Wisconsin
Sandusky, Ohio
Corona, Californie
Hot Springs, Arkansas

Chicago, Illinois
fleveland, Ohio
Long Beach, California

Wabash, Indiana
Cleveland, Ohio

Benton Harbor, Michigan
Philadelphia, Pa.;:

Maple Heights, Ohio

45,000
30,000
23,000
21,000
15,600
9,600 o
- 160,000%
48,000 v
40,000
25,000
25,000
138,000 -
44,000
44,000
22,000
110,000
10,000
70,000
20,000 .
70,000
42,000
42,000
38,000
38,000
28,000
~38.000
- 666,000

#* Includes expansion in several facilities not accounted for on an individual basis.

Sourcé: "Aluminum: Profile of an Industry" 44-46, Publi, by
ure uminum y", pp blished by
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Table 3 gives .the latest avéiiabie Buréau of Cen’slxs Data (196})" on the
primary aluminum industry and the. secondary aluminum smelters. Several important
differences between these two types of producers are indicated. For the secondary
smelters the cost of materials is 80 percent of the value of their shipments.

For the primary ingot producer, this ratio is only._52-53' percené, due to fh‘?
necessary greater valvueA added in starting from bauxite.

Table 3 is _also useful because it shows the relative difference in size.
of the primary industry as compared to the seconc?ary"lsmelters . For .example, the
value of ingot shipments by the Primary pto.dticers is almost four times that of the

.secondary smelters.
Production

The supply of aluminum in the U.S. is given in Table 4 for 1968 and
1969. In 1969 primary production of 3,793,000 tons was supplemented by secondary_

recovefy of 1,030,000 tons‘,

TABLE 4. SUPPLY OF ALUMINUM, THOUSANDS OF TONS

1968 1969

Domestic Production (Primary Ingot) . 3’,255 3,793

Domestic Secondary Recovery 997 - 1,030

Recovery From Imported Scrap L. 34 26
Unwrought Imports "675.5 468.5

Imports of Mill Products 70 66
Shipments from GSA Stockpile 56.5 139.5
Total Supply 5,098 5,523 -

Source: The Aluminum Association, Aluminum Statistical Review,
1969, p 13. : :
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The markets for alt;::iin@ have. been outlined in Figure 1, both by product
form and general end use. 'Fhe shipments of aluminum, by major end use markets,
are given in Table 5 for the years 1960 apd 1969. Total aluminum shipments have
grown from 2,366,000 tons in 1960 to 5,409,000 tons inm 1969. This is equivalent
to a compound growth rate of 9.6 percent per year, much faster than the rate for
lead or zinc. As can be seen in Figure 1, the two largest end use categories are
"Building and Construction" which accounted for Zl.é percent and "Transportation"
which accounted for 18.4 percent of the aluminum market in 1969. The fastest
rate of growth, however, is exhibited by the "Containers and Packaging" market.
From 1960 to 1969 s_l:lipments of alnm;in\m to this .market, increased at the compound

growth rate of 15.7 percent per year.

TABLE 5, ALUMINUM SHIPMENTS, 1960 AND 1969, BY END-USE CATEGORY,

s . THOUSANDS OF TONS
End-Use Category 1960 1969
Building and Construction 608.5 1,179.0
Transportation 427.5 994.0
Consumer Durables 256.5 . 527.5
Electrical 264.0 713.0
Machinery and Equipment 166.5 349.5
Containers and Packaging 160.5% 596.5%% -
Exports’ 308.5 503.5 -
Other . 174.0 . -, 546,0 .
Total ) 2,366.0 5,409.0

* Metal and composite cans accounted for 47 thousand
- tons of this category.
#% Metal and composite cans. accounted for 333 thousand
tons of this category.
Source: The Aluminum Association, Aluminum Statistical
Review, 1969, pp 34 and 35,

31
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Scrap is utilized by primary producers and nonintegrated producers of
wrought alloy prod:xcts. The scrap utilized is generally new (érompc industrial
scrap) and well identified with regard to .alloy content. It is usually onl.y a
portion of a furnace charge, the remainder being primary aluminum ingot. The
product, although it is made using 's'crap aluminum, is essentially indistinguish-
able from a primary aluminum alloy made to the same specifications. The markets
for such a product are the same as for primary aluminum alloys and were covered
above.

Very important, however, are the markets for secondary aluminum alloys,
which are produced to specification by the secondary aluminum smelter. The
smelter utilizes both old and new scrap to produce mainly aluminum casting alloys,
although some deox, aluminum pig, and master alloys are also produced. In 1969
an estimated 741,000 tons of secondary products were produced by the secondary
smelters. Further information on secondary smelter production is given later in

the section titled The Aluminum Recycling Industry.

rket tlo

. The growth of the primary aluminum industry,” based on shipments, has.
been at the compéu'nd rate of 9.6 percent per year from 1960 to 1969. Growth in
shipments from 1970 to 2000 are expected to .slow _son;ew‘hat, dropping to 6.4 percent‘
per year.(l)' At least one producer has estimated that the 196671975 rate will ~
probably be 3 percent compounded annually, considerably lower A-t_han the optimistic

forecast above.

(1) s, P, Wimpfen, ’Nonfermus Scrap Availabili.ty ag Viewed- by aﬂaterials i
. Supply Specialist", Presented at the NASMI -Bureau of Mines Recycling +
Workshops, Washingtom, D.C., January 7, 1971. °
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Secondary smelter shipments grew 9.4 percent per.year. from 1960 to. 1969
During the same period, shipments of aluminum die castings (the major secondary
market) grew at a rate of 11.1 percent per year. Future growth in secondary

aluminum is expected to average 8.5 percent per year from 1970 to 2000.(1)

- THE ALUMINUM RECYCLING INDUSTRY

The aluminum fecycling industry includes the organizations involved in
getting aluminum scraﬁ from its point of non-use, processing it, and transferring

it to a point of use. Tﬁé‘types of organizations and their functions include:

Iype : . - Recycling Function
Scrap Processors or Dealers ' Purchase, collect, sort, process,
. N P " and sell aluminum scrap
Scrap Brokers . N ‘Buy and sell aluminum scrap

Secondary Aluminum Smelferé Prepare and consume new and old
’ aluminum scrap in the preparation
of secondary alloys

t L )
Primary Aluminum Producers and

Consume new scrap in preparation of
Nonintegrated Fabricators

primary alloys in ingot and wrought
forms

Other Consumers .. Consume scrap in preparation of
: . alloys, deox, chemicals, etc.

haracterigtics of Aluminum Materials

Primary Alumipum Alloys

Primary aluminum producers and nonintegrated fabricators are a part of

the aluminum recycling industry in the scnse that they utilize aluminum scrap in

(1) S. P. Whenfen, . op.cit.

33
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the preparation of alloys. Even though the scrap content of these alloys might
be sizable, the materials produced are generally referred to as primary aluminum

alloys.

econda num

Secondary aluminum alloys are alloyé produced almost eéntirely from
scrap. These alloys are usually aluminum casting alloys or deox and are essen-’

tially equivalent to similér’primary alloys made to the same specifications.

Scrap DProsses . .

B 4

Table 6 provides'&éfiﬁitions for standard grades of aluminum scrap and
for dross. The definitions are those of the National Association of Secondary

Material Industries.
Characteristics of the Aluminum Recyclin ndust

A diagram showing the components of the aluminum recycling industry is
given in Figure 2. The scrap flows from its sources to a consumer; it may or may
not pass through a scrap dealer. Another diagram presenting the flow of aluminum

scrap is presented in Figure 3 and is self-explamatory.

Scrap Sourc

Before discussing scraﬁ;sources in detail i; is éppropriate to:disguss
the difference between nég §érap a;d-ol; scrap.. New scrap is taken to be scrap
that is generafed in the pfoduction of alumiﬁuﬁ metal or in the product}on of -
aluminum parts or a finished article made from aluminum. Old‘écrapAis generally
scrap from aluminum containing articles which haye‘beenwfemgvgd from service at

the end of their usable life. - -



TABLE 6. GRADES OF ALUMINUM SCRAP AND DROSS

HEN PURE ALUMINUM CLIFRINGS

Shall consist of new, clean, unalloyed sheet clippings end/or aluminum sheet cuttings, free from oil and
grease, foil and any other forefgn substances and from punchinga less than 1/2 iach in size.

Shall consist of new, clean, uncoated snd unpainted low copper aluminum scrap of two or more alloys and to de
free of foil, hair wire, wire screen, dirt, and other foreign substances. Grease aad oil not to total core
than 1 percent. Also free from punchings less than 1/2 inch in z2ize. New can stock subject to arrangement
betveen buyer and seller.

MIXEP 2 ALLOY SHEET ALUMINOM

Shall consist of clean old alloy sheet aluminum of two or more alloys and to be free of 705 (7000) sertes,
foil, Venetian blinds, caestings, hair wire, screen wire, food or beverage containers, pie plates, dirt, and
other foreign substances. 01l and grease not to total core than 1 percent. Up to 10 percent pailnted sidings
and swnings are permitted.

SCRAP SHEET AND SHEET UTENSIL ALIMINUM

Shall counsist of clean, unpaiated old 25 (1100) or 35 (3003) alunfnum sheet and sheet utensils, free from hub
caps, radiator shells, airplane sheet, foil, food or beverage containers, pie plates, oil cans and bottle
caps, dirt, end other foreign subatances. O1il and greast not to total more than 1 percent.

KEH PURE_ALUMINUM WIRE AND CABLE

Shall comsist of new, clean, unalloyed aluminum wire or cable free from hair wire, wire screem, irom, insula-
tion snd any other foreign substance.

QLD PURE_ALUMINUM WIRE AND CARLE

Shall consist of old, unalloyed aluminum wire or cable containing not over 1 percent free oxide or dirt and
free from hair wire, wire screen, iron, insulstion and any other foreign substance.

ALUMIRUM PISTONS

(3) Clean Aluminum Pistons. Shall consist of clean aluminum pistons to be free from struts, bushings, shafts,
iron rings and any other foreign materials. 011 and greast not to exceed 2 percent.

(b) Aluminum Pistons with Struts. Shall consist of clean whole aluminum pistons with struts to be free from
bushings, shafts, iron rings and any other foreign materials. Oil and greast not to exceed 2 percent.

(¢) 1Iroany Aluminum Pistons. Should be sold on recovery basis, or by specfal arrangements with purchaser.

Wmm
Shall coansist of clean, uncorroded aluminum borings and turnings of one specified alloy only and sudject to
deductions for fines in excess of 3 percent through a 20 mesh screen and dirt, free iron, oil, motsture and

all other foreign materials. Material containing iron in excess of 10 percent and/or free magnesium or
stainless steel or containing highly flsmmable cutting compounds will not constitute good delivery.

MIXED ALUMINUM_BORINGS AND TURNINGS

Shall consist of clean, uncorroded aluminum borings and turnings of two or more alloys and subject to deduc-
tions for fines in excess of 3 percent through a 20 mesh sereen and dirt, free iron, oil, moisture and all
other foreign materials. Material containing iron {n excess of 10 percent and/or free magnesium or stainless
steel or containing highly flammable cutting compounds will not constitute good delivery. To avoid dispute
should be sold on basis of definite maximum ziac, tin, and magnesium content.

MIXED ALUMINIM CASTINGS

Shall consf{st of all clean alumimm c.udnp which may contsin auto and afrplane castings but no ingots, and
to be free of irom, dirt, brass, babbit, and any other foreign materials. 0f1 and grease not to totsl more
then 2 percent.

21

TABLE 6, GRADES OF ALIBMINTM SCEAP AND DROSS (Continued) :

WBECKED AIRPLANE SHEET ALAMINIM
Should be sold on recovery basis or by ipechl &TT S0P with h .
NEV ALDMIRUN_FOLL

Shall conaist of clean, new, pure, uncoated, unalloyed alumioum foll, free from cnodfzed fotl, radar fof{l and
chaff, paper, plastics, or any other foreign materials. Hydrsultcally briquetted material by arrengement only.

QLD ALIMINUM FOIL

Shall consist of clean, old, pure, uncoasted, cnalloyed aluminum foil, free from anodized foil, rodar foil and
chaff, paper, plastics, or any other foreign materiasls. Hydraulically briquetted material by arrangerent ouly.

ALMINIM CRIRPINGS

Should be pold on recovery basis or by specfal arrangements with purchaser.

Should be sold on recovery basis or by special arrangements with purchaser.
SHEATED ALTIONUM

Shall consist of aluminum scrap which bas been sweated or melted iato a form or shape such ss an ingot, pit,
or slab for convenience ir shipping; to be free from corrosion, drosses or any foreign materi{als. Should be
sold subject to sample or snalysis.

SEGRETAGED NEW ALUMINUM ALLOY CLIPPINGS AND SOLIDS

Shall congist of new, clean, uaccated and unpainted aluminum scrap of one speclfied aluminum alloy oaly and to
be free of foll, hair wire, wire screen, dirt, acd other foreign substances. O0il and grease not to total more
than 1 percent. Also free from punchings less than 1/2 fnch in size. New can stock subject to arrasgement
between buyer and seller.

MIXED NEW ALUMINTM ~LLOY CLIPPINGS AND SOLIDS
Shall consist of new, clean, uncosted and unpaicted aluninum scrap of two or more alloys free of 705 (7000)
series and to be free of foil, hafr wire, wire screen, dirt, and other foreign substances. ©11 and grease not
to total more than 1 percent. Also free from punchings less then 1/2 inch in'size.

NEW STIN: K

Shall consist of new, clesn, uncoated a2luminum castings, forgings, and extrusions of one specified slloy only
and to be free from sawings, stainless steel, zinc, iren, dirt, oil, grease and other foreign substances.
Wﬁﬁ'ﬁ

Shall consist of all clean automobile aluminun castings of sufficient size to be readily identified and to be
~~free from iron, dirt, brass, babbit bushings, brass bushings, and any other foreign materials. 0il and grease
not to total more than 2 percent.

ALIMIFWY AIRPIANE CASTINGS

Shall consist of clean aluminum castings from airplanes and to be free from irom, dirt, brass, bablflt
bushings, brass bushings, and any other foreign materials. 011 and grease not to total more than Z percent.

Source: "The Nonferrous Scrap Metal Industry—Its Operatious, Procedures, Techntques™, pp 116-117, published
by the Kational Association of Secondary Msterisl Industries, Inc., 1967.
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Industry", U.S. Bureau of Mines, Report IC-8445, 1970, p 5, and Batte

Estimates.

FIGURE 3.

»

FLOW OF ALUMINUM SCRAP

0
)



28

TABLE 8. NEW AND OLD ALUMINUM SCRAP CONSUMPTION,
AS REPORTED BY TYPE, 1969

Percent of Total

Type of Scrap E ‘Reported Consumption
New Scrap:
Solids: ey :
Segregated low copper 26,77
Segregated high cogper 3.20
Mixed low copper(1 12.32
High zinc (7000 series type) 1.12
Mixed clips 7.32

Borings and Turnings:

Low copper( 1.60
Zinc, under 0.5 percent 2.44
Zinc, 0.5 to 1.0 percent 5.84
Other 7.68
Foil, Dross, Skimmings, and Other 13.94
Total New Scrap 82.23
Q01d Scrap:
Solids @ 11.26
Sweated pig 6.49
Iotal 01d Scrap 17.75
Grand Total 100.00

(1) Copper maximum 0.4 percent.
(2) Purchased for own use.

Source: Derived from U. S$. Bureau of Mines, Minerals Yearbook, 1969,
Preprint on Aluminum, p 4.
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.Sex. x . Aluminum scrap prices véky depepdipngn location P“d g
type of scrap. Prices are somewhat volatile, that is, they are subject éo.rhpid
change. Table 9 gives smelters’ wholesale buying prices, and Table 10 glves.sctap
dealers® buying prices as of‘karch, 1971, At that time, aﬁ official aluminum
ingot price of $0.29 per pound wés in effect, but price discounts of as much as
$0104 to $0.05 per pound were reported by industry sources. Recently, one

company has officially reduced its price to $0.23 per pound.

TABLE 9. ALUMINUM SCRAP WHOLESALE BUYING PRICES, CARLOAD LOTS,
DELIVERED TO BUYER'S WORKS, MARCH, 1971

Types of Scrap Price, Cents Per ‘Pound

Aluminum Clips 3003

6061
1100 16.75-17.25
5052
Aluminum Clips 2014
2017 15.50-16.00
2024
Aluminum Clips 7075 12.25-12.75
Aluminum Clips Mixed 14.50-15.00
01d Aluminum Sheet 13.00-13.50

Aluminum Cast* 13.00-13.50

Aluminum borings, turnings,
clean dry basis, less than 17 13.25-13.75
zinc and less than 1% iron

* Including clean crankcases and pistons.

Source: Amegican Metal Market, March 10, 1971, p 23.

23
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Description of the Activities of the Organizations .
That Make Up the Aluminum Recycling Industry

Scrap Processors or: Dealers. The scrap processors handling éluminum,

usually also ptqcesg.other nonferr?uh materielg, and in- gome cases aiqo handle
ferrous ma;erials.; Ihg scrap p;qsegs&r's.functiqpq are g;ven }n Figure 2. It
has béen estiméted that qpptokimately 70 pgrgg?t(l) of:the aluminum scrap sold is
handled by scrap p;oqesaoré.

Scrap prgcessigg'is a local bgs}ne;s in the sense that transportation

costs limit the distances over which low unit value materials can be shipped.

. Thus, scrap dealers tend to locate in industrial areas close to both scrap gen-

erators and scrap consumers. A lgrgg portion of the scrap collected comes from
the immediate location of the processor; however, purchases from as far away as
200 Qiles are not unusual. Overland freight transportation costs .severely limit
purchases from sources that are over 200-300 miles from the processor

Scrap processors have periods of imbalaﬁce to contend with due to the
fact‘thgtrgpe supply of scrap is much greater than demand. This ‘surplus is
sometimes exported to foreién countries as réquired by their own supply and~
demand situation. Obviousiy foreign markets can be served more economically
from coastal sources than from inland sources.

The flow of scrap at a processing facility consists of the following
gehgral ?teps: collection, identificafion, sorting, processing, includiné the

use of sweat furnaces, packing, storing, and shipping.

(1) . "Economic Study.of Salvage Markets for Commodities Entering the Solid Waste
Stream”, by Midwest Research Institute, December, 1970, Chapter VI, p 5-6.
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In some éiéeéréE}aﬁ will have Beeﬁ'sé?té&"ﬂ&”iﬂe éziié}:war_béihahg-_-—
. all the serap from one source will be one alloy. A; times, new scrap will have
retained the original allo§ identification markings put on the wrought product
by the primary producer. In such a case, identification by specific alloy is
possible. If none of the. above conditions exist, a general knowledée of the

use of alloys in the manufacture of various mill products and end products is
useful in sorting by gemeral alloy type. The most prominent series of alloys

in use today are 1000, 3000, 600C, and 7000. Obviously; the scrap dealer must
keep abreast of current aluminum industry practice to know what alloys or series
of alloys are likely to reach the market and in what forﬁsl Alloys and types
change too rapidly to be specific. For instance, aluminum beverage can bodies
are now almost exclusively produced from thé 3004 or- 1100 alloy for deep drawing.
The tops, however, are 5182.

If the above avenues of identification fail, chemical and épectrographic
tests are used to classify the alloys into general categories.

After proper identification and sorting, the aluminum may be processed
in a number of different ways. Some scrap processors may shred or crush sheet,
casfings, cans, and other aluzinum solids, and r;move iron contamination by
magnetic separation. The resulting fragments, generally smaller than fist size,
can be shipped in appropriate containers. Another processing step of great
importance is the removal of ingsulation from aluminum cable. The insulation is
removed by mechanical means. (me way is a cable stripper, wherein a length of
cable is run through the stripper which longitu§1na11y slits the insulation, and
the insulation is then removed by hand. A new method now utilized by many pro-
cessors is an expensive and sophisticated piece of eguipment called a “chopper”.
vThe chopper cuts insulated cable and wire into very small pieces. The chopped

insulation is separated by air elutriation, and the product is then passed

33

over magnets to remove any iron or steel conCaminetion.' The chopped a}uminum
is then shipped to consumers as a relatively pure aluminum.

The other important function of the scrap dealer is packaging of
scrap. Scrap may be baled or briquetted for ease of shipment and handling.

The secondary smelter buys scrap, both old and new, from scrap dealers.
In some cases, secondary smelters will also buy ‘scrap directly from an industrial
source. In this latter case, however, usually onlj ;everal large sources are

utilized.

The scrap preparation functions which might be performed by the secondary

(1)

smelter have been described in & U. S. Bureau of Mines report. The following

is taken from that report.

"Approximately 85 percent of the total scrap purchased by secon&ary
smelters is from mill products, and 15 percent is from castings. Each
smelter segregates the scrap into four general classes:

(1) Sheet and castings

(2) Clippings and other solids

(3) Borings and turnings

(4) Residues (dross, slag, and skimmings) and sweated pit.

Each class of scrap has its specific mix of such factors as chemical
composition, metallic recovery, and physical form, which determines
not only its value but also the manner in which it must be processed.
Figure 5 shows the flow of each class of scrap material through a
secondary aluminum smelter. It is well to point out, however, that
not all smelters can process all four classes of scrap. Indeed it 1is
quite rare if they do because the necessity of processing each class in
a different manner calls for specialized equipment. Since not all

" secondary smelters have the specialized equipment, they are limited in
what scrap they can process. Some smelters purchase all classes of
scrap, including the cheap low-grade material, and refine it in a compli-
cated processing circuit. Other smelters are limited to specific classes
of higher priced material that can be refined in a short, simple
processing circuit."

(1) D. L. Siebert, "Impact of Technology on the Commercial Secondary Aluminum

Industry", IC 8445, p 12. U.S. Bureau of Mines Report.
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1

"The secondary aluminum producers are an important part of the aluminum

‘o . ] w . . E o
e é -ég: —g ) .re;§ciing industry bécagée they arézesseﬁtiaily the‘oﬂiy Volume ﬁserg.of'gid

? ég‘ i aluminum scrap. However, with the growth‘in reclamation of éluminuaiéans, some
E 5 § of the primary producers are how in_the ola scrép reclamation Susiuess.A Voiumes
gr _ 5; éé. to dafe, however, are minute compéred Eo-total 1ndustt;'use éf old sérap.

B o @ .. B

'é R ' -: Primary Ptgdgchs.”Rgcycling'by-the primary prodﬁcers is géhefﬁlly

. s (=] . -

Jl-q . E A limited to ﬂew scrap utilizaiion. 'ﬁaior sources of scrap a;é'the producers own
g ) ’ plants, their custoﬁérs, and scrapAaealefs. )
> . .

.2 o - Primary producers geﬁeraliy purchase "pedigreeﬁ" scrap. That ié, new:‘

- ~ .
:I:: g 5 scrap-which is well idenzified as to-alloy type, clean, bare, and_preparéd in a
[2d Il .
a E ° readily usable form. Borings, turnings, and other finely divided or contaminated
0 . .
% ' E forms of scraﬁ are usually not purchaged. The need for only "pedigreed" scrap is
. 5 . - ;
o 7 - justified because of the low impurity levels and narrow alloy specificaiions in
force for wrought alloys. A mislabled or contaminated scrap charge could be

:f?:’ - Es extremely expensive if a "heat" is ruined.

o ~ PR ] -

é .§ § E Much of the new scrap obtained by the primary producers is Sbtained on
o on [ ..

[ n "

conversion agreements. There are two kinds of conversion agreements: (1) direct

toll, and (2) sale and purchase agreements. In a toll agreement the primary pro-

$°0 ©,A1ISNPUI WRUTWOTY &{epuoaas Terozauwo) ayy uo KdoTouyosl jo 1aadp1“ ¢31999F8§ ‘1 Q@
HALTANS WANIWITY XYYANOJES NI MO TVINILYW dvHDS 0 RVIVIQ

neaing

" ducer agrees to take a given amount of scrap from 3 customer and return-an equiva-

lent amount of mill products, charging the customer the difference between the
value of the mill broduct and the scrap. Because this procedure is difficult to
administer, it is seldom used.

Today, most scrap purchased on a conversion agreement is on a sales and

somuang
| £203r18q33A0Y

purchase basis. Under this arrangement, the primary producers buy scrap outright
from their customers at a ﬁgedetermined price. Generally, the primary producer

will buy back all the scrap generated from the ﬁroducts sold to a customer, This

§30npoad
19313ws

scrap is used within the primary producer's company or may be sold. If the scrap
is in an undesirable form (such as borings and turnings) the primary producer may

€ sell the scrap to a dealer or a secondary smelter.
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Although the primgry pdeu;ers gener;ily purchase "pedigreed” scrap, .
because qf their extepsive operations, they are not equi;ped to handle les;
desirabl; forms of S;tap that arise within their company or are returned in con-
version deals. Therefore, foil, dross, some forms of painted or coated scrap,
etc., are usually sold to the secondary industry.

When primary ingot is short in relation to demand, the primary producers
tend to substitute scrap for primary metal. Because the primary producers purchage
the better grades of scrap, while secondary smelters are not as particular, they

do not usually compete directly. However, in periods when scrap is short, compe-

tition occurs.

Nonintegrated Producers. The nonintegrated producers are aluminum
fabricators that do not have primary aluminum reduction capabilities. A large
number of the nonintegrated producers specialize in extrusions. They must purchase
all of their aluminum requirements from outgide sources. Clean alloy scrap of the
variety needed is therefore in great demand as long as it is a low cost substitute
for primary ingot.

The scrap needs of the nonintegrated producer are similar to those of
the primary producer, in that they purchase mainly 'pedigreed" scrap. Because
most of the nonintegrated pfoducers are extruders, their scrap purchases are

mainly of the 6061 and 6063 alloys, which are extrusion alloys.
ra nd S ndary Aluminum ket

There are really two markets to consider when discussing recycling of

aluminum. The scrap market and the markct for secondary aluminum products.
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About 90 percent of the aluminum scrap generated gbes to aluminum pro-
ducers (primary, secondary, and nonintegrated). Howeve;, there are several other
aluminum scrap markets worthy of mention. Such include steel deoxidation,'
reducing agent in the manufacture of ferroalloys, steel alloying, zinc-base alloys,

copper-base alloys, and aluminum chloride. These "destructive" uses consumed

_15,457 tons of scrap (gross weight) and 9,823 tons of dross (recoverable weight)

in 1965.(1)

The consumption of purchased scrap in 1969, as reported by the U. §.

Bureau of Mines breaks down as follows:

. RPexcent
Independent Secondary Smelters 67.0
Primary Producers 18.5
Nonintegrated Fabricators 7.0
Foundries 7.5
100.0

Slightly over 1 million ton of purchased scrap was estimated to have been consumed.
Scrap consumption for destructive uses, although not recorded by the U. S. Bureau
of Mines, probably.amounted to less than 3 percent of total aluminum scrap con-
sumption in 1969. About 175,000 tons, or 17.5 percent of the purchased aluminum

scrap consumed was old scrap, with the secondary smelter being essentially the

only consumer.

(1) U.S. Department of Commerce/Business and Defense Services Administration,
luminum and Magnesium Division, "Aluminum Ingot and Scrap in Non-Aluminum
Uses 1965", p. 2, June, 1967.

2

1
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. The mafketing department of a léading aluminum producer héé forecast
purchased aluminum scrap consumption for 1971 through 1980 based presumably on

current technology and practice. Selected data from the forecast are given in

Table 11.

.t - . . : .

“TABLE 11.. ESTIMATED DEMAND FOR.ALUMINUM SCRAP, 1971-1980
Estimated Demand for Aluminum Scrap

. i __Thougandg Q‘ f Ign§ —

‘Year Total From New Scrap From Old Scrap

1971 1,050 . 875 175

1974 1,375 1,100 275

1979 1,910 1,550 - 360

SOurcéz S. T. Abbate, Presentation to NASMI Seminar, :

University of Wisconsin,. Madison, Wisconsin, August 13, 1970,
condary Alum arke

As explained earlier, certain so-called primary aluminum products are

made from scrap, but usually only "pedigreed” scrap is used to make these alloys.

Essentially the only volume consumers of old scrap, and contaminated or nonsegre-~ -

gated new scrap, are the gecondary smelters.

' No data are available on secondary aluminum markets by segments. The
best available information is a breakdown by products produced, a§ given in .
Table 12. Based on the product breakdown for 1969, it appears that approximately
85 percent of the reported production is casting alloys. Another 7.5 percent is
relatively pure aluminum (usually sold to nonintegrated fabricators) and 4.9 per-
cent is deox. Die casting alléys are the major single product of the secondary

smelter, and they account for about 60 percent of reported production.

53

TABLE 12,

39.

PRODUCTION OF SECONDARY ALUMINUM ALLDYS

BY INDEPENDENT SMELTERS, 1969

Alloy

Production
Short Tons

Pure aluminum (Al minimum, 97.0 percent)

Alumlnum—silicon.

Aluninum-silicon (Cu, 0.6 to 2 bércent)

No.

Alumipum-copper (maximum Si, 1.5 percent)

No.

Nos.

No.

Aluminum-gilicon-copper-nickel

Deoxidizing and other descructive uses:

95/5 Al-Si, 356, etc. Omaximum Cu,0.6 percent)
13 percent Si, 360, etc. (maximum Cu,0.6 percent) '

12 and variations

112, 138

Grades 1 and 2
Grades 3 and &4

Aluminumr-nagnesium

Aluminum-zinc

Miscellaneous

Total Reportéd

Estimate Based on Full Coverage

319 and variations

380 and variations

"Alum1num-base hardeners

47,641
17,285 =
46,082
7,770
~ 6,208
779
50,883
363
356,444
25,223
19,579
(12,093
6,679
905
6,440 .

29,623

633,997

741,000

Source: U. S. Bureau of Mines, Minerals Yearbook, 1969 Pteprint

on Aluminum.
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Major markets for'dielgasé alumtnugrftédueté aré: automotive (over 50 percent),
home appliances, aﬁdAinAusttial and commercial machinery and tools.

The secondary smelters compete with primary alumfnum producers for
markets in only one major product; casting slloys. In 1969, 849,000 tous of
aluminum castings were shipped.(l) Thus, based on U. S. Bureau of Mines =
figures cited earlier, rougﬁly 75 percent of»thebcésttng'alléy in these shipments
-was made by‘secondary smelters. The remainder was supplied b§ the pr{mary
producers. Most of the casting alloys supplied sy the primary lﬁdustry are in
the form of molten metal, end most of this is supplied to automobile makers.

Some of the casting alloys supplied.hy the primary industry are mad; to chemistry
specifications, which cannot usually be Qet"by the sec;ndary smelter.

The deox market.tglegtimated to be approxtmately.S0,000 tons annually.
It appears ‘that the secondary producers have 60 percent of this market, while
primary producers and scrap dealers have the remaining 40 percent. Although the
primaries and secondaries compete in this market, ft is relatively unimportant.

In all of tﬁé other aluminum markets,  there is essentially no compe-
tition between the secondary smelter and the.primary producer;

P

s

Secondary Aluminum Prices. Secondary alumioum alloys usually sell for

avslightly lower price than primary aluminum ingot, because the alloys are produced
easily from scrap. For instance, in March, 1971, the popular 380 secondary alloy
(with l'percent maximum zinc) was quoted at 28 ceats per pound, versus 29‘cents

per pound for primary aluminum ingot.(z) This price differential will fluctuate
depending on many factors, the most important of which appears to be the price

of scrap. In times of high scrap prices, the )80 secondary alloy might be quoted

at prices higher than primary ingot.

(1) The Aluminum Association, Aluminum Statistical Review, 1969, p 28.
(2) American Metal Market, March 10, 1971, p 23.

o5
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If primary alloy prices dropped sufficiently,. primary alloys could
concéi@ably c;pfﬁreléll of the ¥ebondéry Qlldy market (about 740;606 éons in’ térms
of 1969 results). On the other hand, if secondary alloy priées dropped sufficiently
the additional market captured would amount to about 210,000 ton$ in terms of 1969

results.

Industry Data

A’ survey of the recycling industry developed-aaig'to afford prpfilés of
tﬁe industry and the companies making up the industry. V;1Qpéll, General Report, in
this series gives‘many ofhfhese_data.- A few data concerning aluminum are given hére.

The average recycler of aluminum .compares with the a?erage recycler of
all commodities as folluys:(l) . : ~’ .

- © . Investment in Number of Investment
e Plant and Equipment Employees Per Employee

Aluminum $1,739,000 6 $26,200
All Cotmodities $1,480,000 71 - $20.800

- Figure 6 shows the variation in an.ual volume of aluminum'handled, by census

Corirtentg, =

region, for (1) aluminum scrap proceésors, and (2) aluminum scrap consumers. This
figure shows that in 1969 the average amount of aluminﬁm processed by scrap dealers
which handle aluminum was 1,230 tons; while the average amount consumed by the
variqus coﬁsumérs waé 6;300 tons., The average volume of aluminum scrap handled by
scrap processors does not vary widely from region to region. On the other hand, there
are some significant region differences in the average volume o} aluminum scrap
consumed. Three regions have particularly low ayetaéé consumption per consumer;

they are the Pacific, New Enéland, and West South Ceﬁérai regions. I; is believed
that the unusually low annual consumption of aluminum scré; in these areas .is the

result of data obtained from sweaters, that consider.themselves to be consumers.

(1) Data from extensive survey.
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Alyminum Available  Aiuminum Not Atuminum c Scrap pqmn«n_mn :
ling - Recycied Recycled onsumers uminum
...moq mon<n__,no _ ¥ Morkete:
. Imports .
26000 Exports: -
. 77,000 -
New . Secondary
Scrap Smeliérs:
855,000 R Aluminum Casting
855,000 Primary Prodiicers Alloys'B Secondory
. Non-Integrated Smeiter Products -, .
Fabricotors 741,000/
Aluminum Foundries
175000 . a mmm.m....u .
C e ) wrought ‘Aluminym
. Ot 3 Footnote: >_c.35.:3 _,,mnﬁ_mndommt.aoe .. Products
Ve serap - o 1189.000 exdctly baldnce with recycled aluminum~=——sgzesa™
© 1,334,000 e markets becouse of the approxi-
. ' mate nature of the data
Totals: 2,215,000 159,000 1,056,000 1,073,000

FIGURE 7 - FLOW DIAGRAM OF RECYCLING ALUMINUM - 1969, SHORT TONS

Source: U.S. Bureau of Mines, Minerals Yearbook, 1969, Preprint on
Aluminum, and wwnnoumrom:amnmm.
il
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SCRAP PROCESSORS, AND (2) ALUMINUM SCRAP

CONSUMERS, BY REGION, 1969

Source: Extensive survey

Middle Atlantic
South Atlantic
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Materials Flow Pattern for Aluminum Recycling

A diagramatic table, representing the quantitative flow of aluminum
scrap to its varilous consumers, and to ultimate markets is given in Figure 7.
In the flow pattern shovn,‘ the widths of the various channels are proportional to
the quantities involved. The first column of Figure 7 ghows the estimated amount
of aluminum available for recycling, by source, was 2,215,000 tons in 1969.

(1

The import source is simply aluminum scrap imports.

The new scrap available for recycling was estimated to be essentially

the quantity that was reported as consumed. This presumes a 100 percent recycling

rate on new scrap. This is not precisely true, because some new aluminum scrap

is lost in the form of low aluminum drosses, and recovery rates are less than unity.

According to industry sources, well over 90 percent of the new aluminum scrap is

recycled. The 855,000 tons of new aluminum scrap shown as available for recycling

in 1969 represents only that scrap which was available for sale. A much greater
‘tonnage is likely to have been recycled within the primary aluminum coupani'es,
and was never available for sale.
The amount of old scrap available for recycling had to be calculated

using various assumptions. Table 13 presents Battelle-Columbus' estimate of the
. old scrap available, by source, and the percent of recycling of the scrap

from each source. The 1969 "crop" of old aluminum scrap was based on expected
life cycles of various aluminum containing products. Details of the estimates
are given in Appendix B, Table B-i.

Of the estimated 1.3 million tons of aluminum becoming obsolete, only

175,000 tons of aluminum were reclaimed in 1969, or in other words, only 13 percent

of the aluminum becoming obsolete was recycled. However, it {8 likely that the

(1) Some scrap imports might be primary ingot,

broken into piece d
to the scrap category, P 8 and assigned

59
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TABLE 13. OLD ALUMINUM SCRAP RECYCLING, 1969
Estimated
Aluminum Estimated Estimated Estimated-
Becoming 0ld Aluminum Percent Aluminum Not
Scrap Source Obsolete, Tons Recycled, Tons Recycled Recycled, Tons
Building and 71,000 9,000 13.0 62,000
Construction
Transportation 329,000 100,000 30.0 229,000
Consumer Durables 197,000 25,000 13.0 172,000
Electrical 7,000 6,500 93.0 500
Machinery and 61,000 15,000 25.0 46,000
Equipment
Containers and 486,000 2,000 0.4 484,000
Packaging
Other 183,000 17,500 9.2 5,500
Totals 1,334,000 175,000* 13.1 1,159,000

# Imports are ignored because it is believed that the old

imports is not significant.

scrap component of

Source: U. S. Bureau of Mines, Minerals Yearbook, 1969, Preprint for Aluminum,

and Appendix B, Table B-1.



46

amount .of old aluminum scrap readily available tghthe re;yqli_ng industry 1s - )

actually much smaller because:

(1) Some items, especially .aircraft, are eﬁportgd and are
then not scrapped in the United Statet_s

(2) Some items such as aluminum cans and’ other bgékaging items
are widely disseminated and.usu;uy ére not collected

{3) Some obsolete items s‘uch ase ce:tatn'milttaty aircraft are béing~; ..
stored (for use during emergenciea.)' rather than being scrapped

(4) The data are not corrected for recovery }1e1ds.

Demand/Supply Analvels

A brief analysis of the expected future demand for old aluminum scrap

and the expected availability of o0ld aluminum scrap is presented in Tsble 14. New

aluminum scrap supply. and demand are not considered because, under current and

likely future conditions, there is sufficient demand for all that is available.

TABLE 14, DEMAND/SUPPLY ANALYSIS FOR OLD ALUMINUM SCRAP,

1969, 1974, and 1979*

Year

Estimated Demand
for 0ld Aluminum’

Estimated Aluminum
Scrap Becoming

Estimated Supply
of 01d Aluminum

1969
1974

1979

Scrap, Tons . Scrap, Tons Obsolete, Tons
175,000 . 175,000 1,334,000
275,000 324,000 1,970,000
360,000 451,000 2,989,000

® The 1974 and 1979 demand for old scrap is based on estinmates of aluninum
recovered from old scrap as given in Table 11. The estimated supply or
crop of old scrap was estimated in the same fashion as the 1969 figures
(see Table B-1, Appendix B). No change in technology was presunmed, 1.e.,
the percentage of recycling in each category vaa presumed to exhibit no )
chnng. from that given in Table B-1. FPurther, to estimate the old scrap
“crop” for 1974 and 1979, .Mpcnts ol aluaioum for the Containers and
Packsging 7 bed t5 be For this purposs, the figures
$74,000 and 1, 1“ 000 ‘tome, respectively, were used for 1974 and 1979. -

6 j. .,

87

The data in Table llo 1nd1cate a potent131 surplus of old alum.tnum scrap
amoum:ing to 49,000 tons in 1974 and 91 000 tons in 1979, an indication that future

development of new markets for old aluminum scrap is needed. If the technology

of the recovery of aluminum from obaolete articles improves, then an even greater

excess of supply over demand can be- axpected

Bow can such an excess of aupply over . danand be handled" To answer

this question is difficult. Fi.rst,' it should be noted .that the data in Table 14 -

. vere derived assuming that there .was a balance in supply and detand in 1969, '

This may not be true, in fact industry sources claim a sho;:tage in the supply of
old scrap. Quantification of the degree of under supply of old scrap in 1969 is -
not possible when one considers the various types of scrap and alloys involved.

Therefore, at best, one can only make general statements. It appears likely that

the secondary smelters may be able to utilize the supply of:dld scrap forecast

in Table 14. However, it is also 11ke1} that future additions to the old scrap
supply by way of improved collection and recovery methods could not be absorbed
by ‘the éecondary smelters producing c‘urrent product lines. Therefore, new markets
for old scrap and new products made from old scrap may be needed. This can be

accomplished 'by product and market research and development; and by expanding the

use of old scrap by the primary aluminum industry.

There are several major problem areas that directly reduce the amount
of aluminum that is recycled. In this section a quantitative approach has been

taken in an effort to evaluate the effect of the problems on recycling aluminum.
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New Scxap

New, or prompt industrial scrap is recognized as valuable and conse-
quently nearly all i{s recycled. Aluminum.meltlng dross 1s treated and reclaimed.
Drosses containing as little as 10 to 15 percent aluminum are treated to reclaim
the aluminum. There are no data to indicate the degree to which new serap and
drogs are recycled. Industry officials claim that well over 90 percent of the

new scrap generated is recycled.

01d Scxap

Table 15 presents the seven categories of old aluminum scrap generators
along with estimates of the quantities of old scrap that are not being recycled.
The definition and analysis of problems associated with recycling of aluminum for
each end use category are given. In terms of estimated quantities of aluminum
not recycled, the Containers and Packaging, Transportation, and Consumer Durables
categories are the most ilmportant, and are discussed more fully in the section

entitled "Courses of Action Concerning Recycling of Aluminum".

ALUMINUM RECYCLING INDUSIRY PROBLEMS

As a result of field interviews several problem areas emerged as sig-

nificant factors in the aluminum recycling industry. These are:

49
. Air pollution control
° Composite aluminum scrap
° Need for new methods of upgrading aluminum scrap

° Solid wastes

These problems are defined and analyzed in Table 16.

ir Pollution tr

The most often mentioned problem confronting the aluminum recycling
industry is the improved control of air pollution. This is especially true in

(¢))

the case of the secondary smelters. Proper control of emissions is very

expensive and difficult to achieve with present equipment. An analysis of pollu-
tion control problem is given in Table 16. The increased recycling costs resulting
from strict air pollution control might lead to a slight decrease in recycling
painted, coated, or composite aluminun scrap which produce smoke when melted

directly.

Composite Aluminum Scrap

All segments of the aluminum recycling industry are faced with the con-
tinual problem of learning to process alumipum scrap contained in a neve; ending
paréde of ﬂew (aluminum containing) products. Of particular difficulty is the
processing of composite scrap. Examples are such items as paper and vinyl coated

aluminum; painted, lacquered or enameled aluminum; and metal-metal composites

(1) For a review of the emission problems of the secondary smelter see "Impact
of Technology on the Commercial Secondary Aluminum Industry", U.S. Bureau
of Mines publication, 1C8445.

o |
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_ IDRNTIFICATION AND ARALYSIS OF PROBLEMS CONCERNING OLD ALUMINUM THAT WAS

WI‘ BBCYCLED IN 1969

Building and Con-
struction Sources

'frdnipdrggtton .
- - Sources

{
f
i

. Consimsr: Pur-
. able Bources

Problem Definftion

Alunioun ftems are used

. Not all aluminum on a

Scrap 1is uLdeﬁ; 1

) P 1.
. for a myried of items in’ " salvaged auto ia di.neminnted. ;
... the butldiag aad con- utilized. ' S |
SN ltructiou category. ' 2. mn 1tema have mu
- . ‘2. Afrcraft lergp 13 an nmounts of alumtnum'.
2. 'Suun,ttm ._that become obvious source and is T T
' ‘obsolete. are usually recovetcd if econunlcal..i Lt
discarded. - PR
3. Ocher soureoa 1nc1u.de )
3. .Demolition of old astruce " trucks, tutlers. buun..,
©. tures yhlda negligible - "boaco, uc. e
émounts of Jlunlnum ber : . Lo |
‘ uructure._ : o |
Betimate of Old 62,000 229,000 - DU 172,000 - |
Aluninus Scrap Notg . ’ : . §
Recycled, tons P ;
Estimate of Percent. 87 0 0 ° 87
of Available Old i Y
Aluninum §or Recycled . .. C ‘
Problem Analysis 1. Better collection needed. 1. Better utilization of- 1. Icems excapt cooklng
: . C - o alumfnum in the non- ) utensils and lawn
2. Much of the scrap iz . ferrous fraction of auto furniture are not
- heavily painted, vinyl shredder scrap is needed. recyclad to a high
coated, etc, Therefore, . - degree. ;
the additional steps 2. TImproved collection of : o
needed for coating abandoned autos is 2. Part of problem ia
regoval makes scrap needed, " learning to economically
.recycling less oL recycle small’ -amounts of.
. econooical, 3. Some old scrap s not " aluminum that ‘are in old’
: . recoverable because an refrigerators, washing -
3. Yield of aluminum scrap item, for instance. en ‘machines, air'-conditlonero
per building is low, airplane, may.be exported
Future ylelds will or become obsolete . 3. This i6 a promlaing area
increase, overseas. -{a which to lncrease the
) recycling of alumiaum.
©. &, Thip srea has limited 4. Even though large quan- . T C

possibilities for in-
creased recycling of
aluminum.

/

tities of aliminum are.
now being recycled,
transportation items repre-
gent a very promising ares
in which to increase re-
cyeling of aluminum,

o
‘o
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TABLE 15, IDENTIFICATION AND‘ ANALYSIS OF PROBLEMS CONCERNING OLD ALUMINUM

THAT WAS NOT RECYCLED IN 1969 (Continued)

Blectricsl
Sources

Machinery and
Equipment Sources

Electrical transmission lines

Praoblem Definition 1. 1. " Scrap is widely disse~
: . are not a significant recycling minated in a myriad of |

problem. machines and equipment

' such as special indus-

- " 2. Electrical machinery, 1ighting trial equipment,
fixtures and large conduit, agricultural machinery,
stc., represent a small ‘materials handling

' portion of electrical sources, equipment, irrigation :
- - but are widely disseminated pipe, process industries.
and not ‘recycled. . '
Estimate of 0ld ' 500 46,000
Aluninum Scrap Not I A .
TUITITTTTTTTT " Recycled, tons \
Estimate of Percent 7 75
ST of Avsilable Old , e
TTTTT T T Alumtoum Nob Recycled ,
Problen Analysis 1. Electrical transmission lines 1. Better collectfon
: are normally recycled. ' needed, i
2. Other electrical items are 2. Based on the above esti-~
recycled on a very limited mate, this area has
basts. 1imited possibilities for
increased recycling of
Based on the above esti- ;

i

mate, this area has very
1limited possibilities for
increased recycling of
aluminum,

aluininum

€6
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TABLE 13,
. !

mgu’r:étémbu AND' ANALYSIS OF PROBLEMS CONCERNING OLD’ALUMINUM

THAT WAS NOT RECYCLED 1IN 1969° (Continued)

Paék.gtng SOurcei

Other Sources -

‘Problem Dafinition = 1. Serap 18 extremxy : 1.
. P wtdely dtlecmtnated.
2. Foil, caps, cloaursa, 2.
and containers are
found. in household and
tndhstithl refuse.

3, 1n addition, aluninum
contatners occur as

- The “other’ category congists

aainly of defense itens,

Some items become obsolete

outside of the U.S, and

may aot be recycled in the

. B.8.

11tter.
' Batimate of Old . Ll 486,000 165,500
Alumiaum Scrap Not . . O '
Recycled, tons
T T 99 - 89.8
_of Aveilable Ol: -~ . . 2 :
_Aluminum Eg,; Recycled '
Problem Analyntn ’ ‘..l 0011¢c:ton is a major . .. Much-defense scrap is sold
ol _ part of the problenm.: i ‘on & bid basis. However,
- Current.collection much {8 not being recycled .
‘programs’ return & due to.lack of minimum
very small ‘fraction " bids.
of the. aluminum :
évailadle, : 2. A small tonnage (s des-
e . ) " . tructively consumed. and
2. Segregatlon ‘of refuse therefore, not avallable
. within the housghold - iot recycling.
- may- atd in uttli.ation.
N\ 3. Thia area has limited

-3, - Recovery. ftom muniélpal
: refusé may provide a
lolution.‘

.'b;‘-- Logielation atmed at -
segregation and col-
'+ .7 lsction problems wmay

7 atde

5. Thin drea holda the most
‘promise for the increased
recycllng:of aluninum.

possibilities for in-
creased recycling of
aluminum,

o'



TABLE 16,

IDENTIFICATION AND ANALYSIS OF OTHER

ALUMINUM RECYCLING PROBLEMS

Title

Air Pollution Control

Composite Aluminum Scrap

Need for New Methods of
Upgrading Aluminum Scrap

Recycling Wastes

Problem
Definitions

Effect on
Recycle Rate

Problem
Analysis

1. Costs of equipment very
high compared to total
capital investment of most
scrap dealers and secondaky
smelters.

2, Reliability of present equip~
ment rates as poor.

3. Lack of unifom standards
and enforcement penalize
those that control emissions.

4, Continual changing of stand-
ards penalize those that have
purchased control equipment.

Strict control of air emissions
will tend to increase recycling
costs and lower recycling rates.

1. Air pollution laws and en-
" forcement are not uniform
throughout the country,

2. Financing of pollution con=~ -
trol equipment is difficult
for the small smelter.

3. There appears to be a lack
of reliable equipment capa-
ble of attaining some air
pollution standards.

1. Composites of aluminum are
" difficult to recycle.

2. Composites which combine
aluminum with paper, vinyl,
paint, and other coatings
create air pollution
problems on recycling.

3. Composites such as copper

coated aluminum wire or alu-

minum coated steel wire or

steel cans with aluminum ends

may only be recycled under
special conditions.

The use of various aluminum
composites tends to lower the
recovery rate or make recy=-
cling uneconomical.

1. Manufacturers and designers
produce products without
special regard to recycling
problems.

2. Specific composites may be
recycled if a method and/or
market is found.

1. If old scrap could be re~
fined economically, it could
be utilized in making wrought
alloys.

2, Improved sorting of old alu-
minum scrap from other alu-
minum scrap or other non-
ferrous scrap is needed.

Improved upgrading techniques
should increase recycling.

1. Development of improved,
economic refining tech-
niques {s a difficult
technical problem.

2. Scrap sorting problems may
be attacked by many methods.
Solutions are likely to be
highly specific.

1. Operation of the secondary
smelter produces waste
such as spent fluxes and
drosses.

2., Magnesium chloride wastes
are generated.

3. Processing of aluminum
cable gives rise to small
amounts of cable insula-
tion wastes.

Essentially no effect.

1. Industry has learned to
process drosses and spent
fluxes for aluminum
content. Low aluminum
content material is a
disposal problem.

3. Cable insulation wastes
are a disposal problem.

TS



'of ‘aluininim with 'co;;.per of steel or ano‘ther aluminum i.l"l-loy. These” composites
either present recyéling problems, or cannot be recycled economically.

The recycling problems created by cmositea have - to be attacked on an
individual basis. Prevention of some of the recycling ptoblems associated with
aluminum conposltes could be solved or eased i.f manufacturers gave some thought -
to recycling in the design stage. For example, the steel beverage can with an
"easy open" aluminum top is not readlly recycled either for the. alv.nimm ends,
or the steel body. Perhaps the can industry could have made a more “recycleable"

can, such as an all steel or all aluminum can, with the ".e'asyA open® feature.

The need for new methods of upgrading aluminum scrap can be attacked
by dividing the-probl into three parts. In one, consideratlon is given to con-
version of a group of mixed aluminum scrap to pure al\nninmn or a usable alloy.

In the second, consideration is given to separation or sorting of a mixed group
of aluminum alloys. T.he third has to do with separation of aluminum alloys f_x'om

other nonferrous allo.ys .

uge Metal o : ic

As mentioned earlier, magnesium is the only element that the secondary

smelters find practical to remove from aluminum. Electrolytic molten salt methods

of refining aluminum alloys are available but are too costly. Long range technical

research in the area of refining aluminum alloys is indicated, .but likelihood of

complete technical and economic success i= not considered good.

33
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ting of Mixed Aluminiin Allé

The value of a mixed group of aluminum alloys can be improved if the

alloys are sotted by type. To date, various chemical spot tests or emission

, o

spectrograph tests have been used Fsster and more economical methods are, needed.

Sorting of Aluminum from Nonferrdus scrgg

ok

Much of the sorting of aluminum from nonfetrous scrap can be done by
sight 'and feel. This "hand picking" can be accomplished economically 1f large
pieces are involved With the advent of the auto shredder, the need for separas '
tion of metals from the nonferrous fraction of the shredder output arose. The
separation of ahmﬁdm from this nonferrous frsction is being.accomplished a‘nd‘
is under investigation. Prominent methods of separation include heavy meo-io

separation and air elutriation methods.

Solid wastes resulting from recycling aluminum include wastes generated
by the secondary smelter such as dross, slag and magnesium chloride, and wastes

generated by the scrap processor such as cable insulation. The problem of solid-

. wastes generated by the aluminum-recycling industry is basically an envirommental

problem, rather than an industry problem. Recycling of these wastes would not be

expected to improve the recycling rate for aluminum.
econdary Smelter Residu

The secondary smelter generates dross, slag (spent flux), and magnesium

chloride in the course of melting and removing magnesium from aluminum.
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The drosses containing mafnly A1203; aluminium, and some'sélké‘gnﬂ airt
are treated to recover the aluminum. Drosses containing as little as 10 to 15
percent aluminum can be treated for aluminum recovery. Leaner drosses are a
disposal problem. A portion of the drosses "produced" are sold or consumed in
making exothermic or "hot top" materials for the steel industry.

Fiuxes are used to protect the molten aluminum from oxidation and gas
absorption. The spent flux or slag is a solid waste which is reprocessed for
aluminum content. These fluxes may contain 10 to 20 percent aluminum and can be
upgraded by wet milling to 65 percent aluminum. The waste salts (containing a
mixture of NaCl, KCl, and a fluoride bearing salt such as cryolite) are brought
into solution in the wet milling operation, and at this point are liquid wastes,
vhich must be treated in some fashion.

In the chlorine treatment of molten aluminum for magnesium removal, the
compound Mgcl2 is formed. This compound may be slightly contaminated with AlCl3
and other impurities. Today, little use is made of this compound, and it repre-

sents a disposal problem to most secondary smelters.

The major solid waste generated in the processing of aluminum scrap is
cable insulation., Insulation could be paper, any of a number of various plastics,
rubber, or even glass. The insulation may be in small pieces (as from a chopper)
or in long lengths (as from a cable stripper). The amount of insulation waste
generated from aluminum wire insulation is very small compared to the insulation
waste from copper wire. To date, no significant use for these wastes has been

found.

et

Having identified the major problems concerning the recycling of
aluminum, it is necessary to evaluate them and select those that are amenable Eo
solutions. Then, courses of action can be developed to lead to solutions for the

problems.

Evgalugtion of Problems

The problem areas that have been identified as significant cover a wide
range of importance and possibilities for solutions. It is necessary to evaluate
the differences in order to assign ériorities for actiom.

Four of the problem dreas can be assigned low priorities immediately.

Four problem areas dealing with old scrap generation: (1) Electrical,
(2) Machinery and Equipment, (3) Building and Construction, and (4) Other
Categories were assigned low priorities because the amount of old aluminum scrap
not recycled is estimated to be comparatively small. Thus, the above four problem
areas will not be given further attention.

To evaluate the remaining problems relating to the recycling of aluminum,
three criteria for judging the severity of the problems were developed. These
same criteria were also used in the other commodity reports in this series. The
three judgment criteria were based on the following questions:

(1) Will solution of the problem improve the environment?

(Possible Score 0-10)
(2) Will solution of the problem conserve natural resources?
(Possible Score 0-5)

(3) Can realistic solutions be found? (Possible Score 0-5)



“Table 17 ;reaéﬁts'tﬁe‘proBlems enumeratéd ‘in the previ&ﬁs’béctfaﬁ'and,’ : ]
shows the scores ésslgﬁed.to eacﬁ ;tpblem by Battg11e~Colupbus. Ey this method .
.it is shown that the»tﬁree maJpriét&blem areas are: ' A
(1) Reclamation of:‘old aluminun scrap from Cpﬁtainer
and Packaging sources .
(2) Air Pollution Control’
(3) Reclamation of .0old aluminum scrap from Transportation’
sources. » 7 .

Recommended Actiong
The recommendations of what to do about the seven major p:oblemp of
the aluminum recycling industry are covered in two parts:

(1) High Priority Actions L. R

(2) Lower Priority Actions.

lﬁi'

The high priority actions should be dealt with before attention is

given to the lower priority actions.
High Priority Actggng

The high priority actions recormended here are important.and far-
reaching enough to be in the public interest. .Thus, participation by EPA is
Jesirable. Participation by NASMI and its members is also desirable, since the
problems and suggested actions to.be taken are predominately within the range of
activities of the.ptesent aluminum recycling industry.

Tagle 18 preseQCS the recommended action programs for the high priority

aluminum recycling problems. These programs are discussed below.
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TABLE 18. RECOMMENDED ACTIONS, HIGH PRIORITY ALUMINUM RECYCLING PROBLEMS

Reclamation of
01d Aluminum Scrap From

Reclamation of 014
Aluminum Scrap From

Title Container and Packaging Sources Air Pollution Control Transportation Sources
Actions 1. Continue current can reclamation 1. Push passage of realistic Federal 1. Learn to better utilize aluminum from
Recommended programs. air pollution laws with strong pro- auto shredder scrap.

Specific
Steps

Utilize current collection systems to
obtain scrap, i.e., local refuse
collectors,

Promote segregation of aluminum from
refuse at the source by law or other
incentives, and/or

Develop an economic system for
recycling aluminum from municipal
refuse,

EPA, NASMI, USBM, CEQ, Aluminum Producers
and Aluminum Can Producers

Intensify current USBM and other
studies on utilization of urban
refuse.

. Promote and/or sponsor pilot studies

on segregation of aluminum scrap from
other refuse at the source.

. Aluminum and aluminum can ‘producers

should continue can reclamation
programs. Especially as an effective
way of removing litter,.

vision for equal enforcement.

aid, in the form
or rapid tax write-
for purchasing

Provide financial
of low cost loans
offs to companies
needed equipment.

Initiate research and development on
more dependable and maintenance-free
air pollution control equipment,

EPA, NASMI, ASRI, CEQ and Equipment
Manufacturers

1,

The recommended air pollution laws
and financial aid can be promoted
through contact with legislators.

Concerned organizations should pre-
sent specific air pollution control
equipment needs before manufacturers
and pressure for development of needed
equipment.

2. Continue research being performed by
industry and the USBM, EPA, and
NASMI.

EPA/NASMI and U. S. Bureau of Mines

1. Continuation and intensification of
research and development by industry
and USBM. .

2. An EPA/NASMI/USBM tesm could monitor
progress and point out areas where
further research is needed.

(1) The responsibility for recommended actions shown in this table are based on importance of the
action, benefit to the taxpayers, and opportunities for NASMI.

of Battelle.
Recommended actions were distributed between high priority and lower priority based on the

(2)

evaluation with three criteria.

)

They are the best judgments

It i{s suggested that NASMI continue its leading role imn recycling, recé;nizihg that other

organizations such as the Bureau of Mines, Department of Commerce, Council of Environmental
Quality, HEW Office of Information, and State, Local, and Federal Legislatures must be

involved.

8¢
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Reclamation of Old Aluminum Scrap from Container and Packaging Sources.

The problen of reclaim:l.ng aluminum from cans, foil and other-containers and
packages is mainly ome of collection. 'The wide pu_pli_c ’dis‘s_‘emination of these,

items makes collection. uneconomical‘ . . '; -

Current Can Reclamation l‘rograms. 'l'he a uminum can reclamation .

programs aponsored by the major primary aluminum producers, and others are

becoming more and mre successful Hwever, th 10, cents per ound payment

"plus handling, processing. and transportstion costs appear to exceed the- actual

value of the cans. Thus, it is the opinion of many that the can reclamstion

ES LA me DLt

programa are,.in facc subsidized

ColleCtion of aluminum cans :ls made by 1nterested individuals, s
civic, char_it_ablle,,_egvlrornp:entalzor other‘grgpps_ . ,The.cans. are taken to a..
collection center Hhicl: may be operated by a prlmary alg_ninum c_og:pany, a brewer
or his distributor or other intergsts.._ S\_xbsequ__ently, the cang are processed-
by shreddi,r_:g -and . magnetic s_eparation ppe_ratlpq's:. . .

The prccesis-ed can scrap is then shipped to primary algm‘_in_um plants _vfpir
recycling into can stock alloy. Because the lid of the aluminum can is made .

from a different alloy than the body, there are limitg on the amount of can

scrap which can be used in p‘repa_ring a can allqy melt. Currently, only two

" plants are equipped for charging aluminum can scrap into can stock_melts. These

plants are located in Harrick‘ Indiana, and Lister- Hill Alabama. Thus, can
scrap generated on the West Coast must be shipped long distances to be recycled
Can reclagnat;lon has operated outside the traditional scrap gsthering_

channels, with one exception. One major aluminum company 1s utilizing scrap

procesgors to process and ship can scrap to their can stock plant. It is

believed that the dealer receives 5 cents per pound for this function, giving

a total direct cost of 15 cents per pound. Other companies from time to time

may utilize :scrap processors for the_snreddipg .ang;:qlagpfe‘tlc ’sg ation operation. .

v 6
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One might expect that the norwal _chan_nels.fof alun?j.pim can reclamation woul(i
include the scrap dealer-pn-)c_essor and the secqn&ary‘ alu‘miﬁu]n producex:. This
system did not and does not operate becaus_é of the high cost of collection
and the undesirable alloying elements in the cans. .Al:\'nn'inum cans (1id and body)
contain about 2.25 percent magnesium and 1 percent manganese on the average.
Both elements are usually undesirable in secondhr;' alloys. The magnesiom may-
be removed, at some cost, while the manganese content can .be lowei'ed only by’
dilution.

In 1970, aluminum cans returned for ;ecycling amounted to 2,875 toms
out of approximately 226,000 tons of aluminum shipmentsi for making all aluamipum

Q¥2)

cans. This amounts to less than a 2 percent recycle. Even though a
higher rate of caﬁ recycling is expected in 1971, it 15 unlikely that a significant
fraction of shipments will be recycled. The coﬁtinuétion of both the subsidy
~and group interest in collection is open to some doubt. The can collection
programs do little in the way of reclaiming all the other aluminum used in
containers and packaging.

Other Collection Methods. In light of the above, it.is obvious that
other means of collection old aluminum cans, foil, etc., are also needed.

Perhaps the best way to collect this old scrap 1s to utilize a collection
system that is in use, the local garbage or refuse system. To utilize these
existing collection systems, two types of action are obvious.

First, household and industrial wastes might be gegregated so that all
aluminum cans, foil, etc., are kept separate all through the ‘collection phase.
The aluminum once collected might then‘ye recyéléd. To promoté segregation by

the householder and other municipal waste contributors, either a law or other

incentive is needed.

@ Aluminum Association Press Release (no date)’
(2) American Metal Market, March 19, 1971, p 10,

i

61"

A second. and perhaps better, 'lq'ng range ac;_ioti would be to develop
me;hods. of reclaiming aluminum from municipal wastes. Other novel methods of
collection might also be the subject of pilot programs. EPA, CEQ, NASMI, and.the

U. S.. Bureau of Mines would be logical participants in the above programs.

A_Lx_gql],gg_i_qg_c_qgml " The coming of more t;ttingent atr pollution
control regulations is viewed with :apptehensién by most secondary smelters. The ’
typlcal smelter may be faced with & large c!ap‘itai ou'tlay(l) ‘for equipment which
may not be capable of satisfying air pollutit;ti regulations that are subject to
chaxige. In addition, a secondary sﬁelter th_af Y’i".'s anlxiently equipped to control.
emissions is at a disadvaxx-tégé in cmpeti.;ng w‘it'l;"oll'xe' fhat tsn'tllfi 'z'n; only hés: to
meet legs stringent regulations in Lsoin:e other lt;‘c:éiion. e

Most of the secondary smelters in Los Ang'e.les County ‘have survived the
strict air pollution laws in force there. They have managed to make the large
capital investment required and have learned to live with equipment that is
difficult to maintain.

Actfons recommended include qﬁick passage of realistic Pederal air
pollution laws with strong provision for equal enforcement and financial aid in
the form of low cost loans or rapid tax write offs for purchasing needed equipment.
Both recommendations can be pursued by EPA, CEQ, and NASMI. through contact with
legislators. .

Research and flevelopment aimed at improving the reliability of air pollu-
tion control equipment used or needed by the secondary aluminum smelter should be
performed. NASMI and/or ASRI and the equipment manufacturers should meet and
determine specific needs. Research should be funded by the equipment manufac-

turers and the potential users.

(1) Large compared to total plant iavestment,
5%

“8



g.i" More
efficient ‘utilization of the aluminum in “'tﬁé;uo}lféi‘rbﬁs" fraction of auto shredder

scrap is needed. ‘The auto ehredder “has’ pro’vided" ‘isource of alumlnum scrap. not

‘previously available. 1In order to thake the auto 'hredding_ pe_rati,on more vtable,

methods of teclalming aluminum and other nonferrous meta '
: ) - lad

being _investlgpted Hethods such as hand picking ' heavy media separation, and

have been and are

-

.air. elutriatton are used or being tried in the recov ry of aluminm Recovety -

ratios can be lmproved Furthér résearch by int!us_rt

p!d government is’
A reconmended Since tﬁe future reclamsticn oi not' only alumlmm, but other metals
is tied to utilization of auto shredder scra and slnce ahredders play an

1mportant role in the removal of old auto hulks and even old appuancea, an

EPA/NASHI/[BBM team should monitor indu.stry/government progress in the area.

Cae D L R R S S . P .

The lower priority actions that are recommended are neither imﬁ;)rtapt . )
enough, nor far-reaching epough to warrant high prio_rity‘ action. .

The low priority problems are:

(1) Need for New Methods of Upgrading Old Scrap

(2) Reclamation of _Aluminum from Consumer Durables Sources-

(3) Recycling Wastes - )

(4) Composite Aluminum Scrap.

These are preseanted in Table 19, along with suggested actions.

th t

Additional actions are recommended in the genér_al report of this series.
Some of these relate to thé recycling of aluminum.- Refer to the gemeral report

. for additional information.

"9



TABLE 19,

RECOMMENDED ACTIONS, LOW PRIORITY ALUMINUM RECYCLING PROBLEMS

Title

Need for New Methods
of Upgrading 01ld Scrap

Reclamation of 01d
Aluminum Scrap From
.Consumer Durables Sources

Recycling Wastes

. Composite Aluminum Scrap

AActions 1.
Recommended

Initiate research to find
economic methods of refining
aluminum,

Conduct research in the
areas of sorting aluminum

' scrap.

Continue research on
recovery of aluminum from
low grade scrap.

8y Whan(1)@)(3)ppa/NASMI/USBM and Industry

Specific 1.
Steps :

‘Funding long term efforts

to accomplish the above
aims is necessary. A look
at unconventional tech-
niques is needed.

1. Determine which consumer

durables contain the most
aluminum.

2. Determine the usual dis-
" posal method(s).

" 3, ‘Recommend collection and

‘reclamation methods.

NASMI/EPA

1. Sponsor research to deter~

mine the usual or average
content of important con-
-gumer durables, their
average life, and normal
disposal methods.

2. Initiate action depending'

on results of above

1.

1.

Push research on the
recovery of aluminum from
low grade drosses and spent
flux being undertaken by
USBM.

Initiate research on
products/markets for mag-
nesium chloride and cable
insulation waste as
recommended.

USBM/EPA/Industry

Product and market research
aimed at finding products
and markets for magnesium

- chloride and cable insula-

tion waste should be per-
formed by sponsorship of

any of“the above,

v 1 .

Educate manufacturers and
designers on the merits
of products designed for
recycling.

" Perform technical and

market studies aimed at
utilizing metal composites.

EPA/NASMI

1.

Start broad education pro-
gram that could be carried
out by NASMI. Could
include points on design
for recycling.

Upon identification of a

large amount of aluminum
metal composites which are
not being recycled, EPA/

" NASMI could sponsor a

technical-economic study
aimed at finding new uses
for the scrap.

EPA/NASMI could pressure
can makers away from the
steel-aluminum can.

(l) The responsibility for recommended actions shown in this table are based on importance of the

action, bcnefit to the taxpayers

of BRattelle.
(2)

evaluation with three criteria.
(3) 1t is suggested that NASMI continue its leading role in rceyeling, recogntzing that other
organizations such as the Bureau of Mines, Department of Commerce, Council of Environmental

Quality, HEW Office of Infornatton and State, Local, and Federal Legislatures rwst be

involved.

and oppo:tuntties for NASMI.

They are the best judgments

Recommendcd actions were distributed between high priority and lower priority based on the

£9
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TABLE A-1. ALUMINUM ASSOCIATION ALLOY DESIGNATION
SYSTEM FOR WROUGHT ALLOYS*

Alloy Number

Aluminum - 99.00 percent minimum or 1XXX
greater aluminum alloys grouped
by major alloying elements

Copper - : 2XXX
Manganese : A3XXX
Silicon 4XXX
Magnesium ' : | S5XXX
Magnesium and silicon | 6XXX
Zinc | 7XXX
Other Elements . | 8XXX

In the 1XXX group for minimum purities of 99.00 percent and greater, the last
two of the four digits in the designation indicate the minimum aluminum
percentage. These digits are the same as the two digits to the right of the
decimal point when the minimum aluminum percentage is expressed to the nearest
0.01 percent. For instance, a 1050 alloy would contain a minimum of 99.50
percent aluminum. The second digit in the designation indicates modifications
in impurity limits. In the 2XXX to 8XXX alloy groups the last two of the fouf
digits in the designation have no special significance. The second digit in
the alloy designation indicates alloy modifications.

Source: "Handbook of Aluminum", 3rd Edition, Published by Alcan
Aluminum Corporation, Cleveland, Ohio, 1970, p 225.

QY=



- TABLE A-2,

CHEMICAL COMPOSITION LIMITS OF SELECTED WROUGHT
. ALUMINUM ALLOYS (PERCENT)

. _ “slutom,
Alloy Silicon Iron Copper Manganese Magnesium Chromium Zinc Titanium Each Total Minimum
1060 0.25 max 0.35 ﬁax 0.05 max 0.03 max 0.03 max .- © 0,05 max 0.03 max 0.03 max o= 99.60
1100 1.0 Si+ Fe max 0.05-0.20 0.05 max - .- 0.10 max -- 0.05 max 0.15 max 99.00
2024 0.50 max 0.50 max = 3.8-4.9 0.30-0.90 1.2-1.8 0.10-max . 0,25 max -- 0.05 max 0.15 max Remainder
3004 0.30 max 0.7 max 0.25 max 1.0-1.5 0.8-1.3 -- 0.25 max -- 0.65 max 0.15 max Remainder
5052 0.45 Si+ Fe max 0.. 10 max 0.10 max 0.10 max 0.15-0.35 0.10 max -~ 0.05 max ~ 0.15 max Remainder
6061 0.40—0;8 0.7 max 0.15 -~ 0.40 O0.15 max 0_.8-1.2 0.04-0.35 0.25 max 0.15 max 0.05 max 0.15 max Remainder
7075 0.4 max 0.5 max 1.2-2,0 0.30 max 2:1-2.9 0.18-0.35 5.1=-6.1 0.20 max 0.05 max 0.15 max Remainder
Source: 'Handbook of Aluminum", 3rd Edition, Published by Alcan Aluminum

Corporation, Cleveland, Ohio, 1970, pp 148-149.
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TABLE A-3. ALUMINUM ASSOCIATION DESIGNATION
FOR FOUNDRY (CASTING) ALLOYS*

Designation Number

Aluminum -~ 99.00 percent minimum L 1XXLX
and greater aluminum alloys R
grouped by major alloying

elements
Copper C " 2XX.X
Silicon, with added copper and/or ' 3XX.X
magnes ium )
Silicon o .. . AXX.X
'Magnésium ‘ ‘f 5XX.X
Unused series ' o » 6XX. X A
Zine . | | CO7XK.X
Tin | P o T BRKLX
Other major allqyiﬁg élémeﬁté- S QkX,X

The lxx X series indicates nlumdnum in the form of ingot or castings having a
minimun aluminum percent of 99.00. The second two' digits indicate the minimum’
aluminum content and are the same as the two digits to the right of the decimal
in the minimum aluminum percentage when it is eéxpressed to the nearest 0.0l

- percent. Special ‘¢ontrol of one or more -ind{vidual elements is indicated by }

a letter prefix to the basic four-digit designation, ' In the 2XX.X to 8XX.X
designations the first digit identifies the alloy group. The second two digits
are assigned when the alloy is registered--a modification of the original alloy
is indicated by a letter prefix to the numerical .designation.

A zero in the fourth place, XXX.0, is used when referring to compositions of
castings; and a one or a two in the fourth place, XXX.1 or XXX.2, is used when
referring to compositions of ingot. The compositional limits of XXX.1 ingot .
differ from those of castings by prescribed amounts in respect to ironm,
magnesium, and, in the case of die castings, zinc. When the limits for ingot
are closer than those prescribed for XXX.1 ingot the designation XXX.2 applies.

Source: '"Handbook of Aluminum', 3rd Edition, Publighed by Alcan
Aluminum Corporation, Cleveland, Ohio, 1970, p 226.
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TABLE A-4, CHEMICAL COMPOSITION SPECIFICATION POR SELECTED ALUMINUM CASTING ALLOYS

© (Percent)
~ Aluminum Former . . 7-

Association - - Commercial _ _ : ) I . . N o
Alloy Number . Designation Copper -Silicon = Magnesium K = Zinc .. Iron ‘Manganese Nickgl Titanium  Chromiun
A413.0 Al3 0.6 11.0-13.0 1.10 max 0.5 max 1.0 mex 0.35 max 0.50 max . = | .-
4360.0 A360 0.6 9.0-10.0 0.45-0.6 0.35 max 1.0 max 0.35 max 0.50 max- = =-= R L
B380.0 380 3.0-4.0 8.5~ 9.5 0.10 max 1.0 max 1.0 max 0.5 max 0.50 max'  0.25 max ‘.-
A380.0 A380 3.0-4,0 8.5~ 9.5 0.10 max 2,0-3.0 1.0 max - 0.5 max 0.50 max  -0.25 max -
F332.0 F132 2,0-4.0 8.5-10.5 0.6-1.5 1.0 max 0.9 max 0.50 max 0.50 max 0.25 max -
319.0% 319 3.0-4.0 5.5~ 6.5 0.1 max 1.0 max 1.0 max 0.50 max 0.35 max 0.25 max .-
356.0* 356 0.2 max 6.5~ 7.5 0.25-0.40 0.30 max 0.5 max 0.35 max - 0.25 max Rl

) .“ .
208.0 ' 108 3.5-4.5 2.5- 3.5 0.10 max 1.0, max 1.0 max 0.50 max -- 0.25 max --
308.0%* Al108 3.5-4.5 5.5- 6.5 0.10 max 1.0 wmax 1.0 max 0.50 max- .- 0.25. max --
213.0 - 113 6.0-7.0 2,0- 3.0 0.10 max 1.5-2.5 1.2 max 0.6 max 0.35 max 0.25 ‘max -
- . P . N L. - - ,_‘; - .

* Might also be used to pto&uce"sand_castings. ‘ . - - ) .
i 'Higl'\t also be used to produce permanent mold castings.

SBource: '"The Alloy Data Book" published by Apex Smelting Conpany, Division of MA! Alupinum Company, Inc., pp 28-34
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TABLE A-5. DESIGNATIONS AND CHEMICAL SPECIFICATIONS FOR
ALUMINUM ALLOYS FOR DEOXIDATION

A-5 -

IN TRON AND STEEL MANUFACTURE

Total
of All
ASTM Commercial Impurities,
Designations Designation Aluminum Copper Zinc Magnesium Maximun
980A Spectial 98 min 0.2 max 0.2 max 0.5 max 2.0
950A Grade 1 95-97.5 1.5 max 1.5 max 1.0 max 5.0
9204 Grade 2 92-95 4.0 max 1.5 max 1.0 max 8.0
900A Grade 3 90-92 4.5 max 3.0 max 2.0 max 10.0
8504 Grade 4 85-90 5.0 max 5.5 max 2.5 max 15.0
Source:

"The Alloy Databook', published by Apex Smelting Company, Division of
AMAX Aluminum Company, Inc., p 34.
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TABLE B-1. CALCULATION QF ESTIMATED AVAILABILITY OF QLD ALUMINUM SCRAP, 1969

|
i
!
i
i
i
i
|
i
i

Estimated
. Aluminum Botimated Shipments
Estimated Year Shipments in Fraction of to Source
. Life Cycle, or Years Year of Shipments Corrected for Aluminum Scrap
Source Years Interest Interest, Tons to Source New Scrap Return 1969, Tons
" Building and 30 1939 (350,000 (® 0.250 0.816 71,000
i Congtruction . -
Tlrunupp_rtatlon 10 1958-1960 2,237,000 avg. 0.180 0.816 329,000
Consumer Durables . 10 1958-1960 2,237,000 avg. 0.108 0.816 . 197,000
Electrical 50 1919 64,500 0.125 0.816 7,000
: ;
H;chinery and 20 1948-1950 1,066,000 avg. 0.070 0.816 61,000
;Equiment }
Contatners and Coa 1969 5,409,000 0.110¢)- 0.816 486,000
Packaging : ’
Other 10 - 1958-1960 2,237,000 avg. 0.100 0.816 l 183,000

Total 1,334,000

(2) Estimated Based on Primary lngot Production.
(b) Primary Ingot Production.
(¢) Actusl

Sources: U.S, Bureau of Mines, Minerals Yearbook, Volume I-II, Chapter on Aluminum for 1958, 1959, and
. 1960, and The Aluminum Association; Aluminum Statistical Review, 1969 and Battelle Estimates.
Life cycle data obtained from “Resources in America's Future - Patterns of Requirements and
Availabilities 1960-2000", by K. H. Landsberg, L. L. Fischman, and J, L. Fisher, Published for
Resources for the Future, Inc. by The John Hopkins Press. :
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SUMMARY

The economic recycling of w;ste materials is a desirable approach to the
disposal of solid wastes. Recycling, therefore, is of interest to the Office of
Solid Waste Management whose responsibility it is to formulate and recommend solid
waste programs for the Unifed States. This report on recycling of’copper'and
copper alloys provides information and analyses to be used as a basis for program
planning. The report was prepared by Battelle-Columbus with the guidance and
help of the National Assbciation of Secondary Material Industries (NASMI). It
is based on a 12-month study of copper recybling.

The report reviews briefly the demand and supply for copper in the
United States--both primary and secondary. It analyzes the recycling of copper--
the operations of scrap processors and secondary smelters, ingot makers amd other
consumers--sources of copper scrap, markets for recycled copper, and recycled rates
by types of scrap. Based on this analysis the report presents the problems faced
by the copper recycling industry. Finally, it evaluates thesé problems to determiné
priorities, and recommends courses of actions to solve or reduce these problems--~
with the emphasis on increasing recycling of copper in order to reduce solid '

waste disposal problems.

The Recycling Industry

The task of the procurement, identification and sortiﬁg, smelting, re-
fining, and sale of copper and copper-base alloy scrap for use by refineries, brass
mills, and ingot makers are functions of the copper recycling industry. Scrap
processors, brokers, secondary smelters, and ingot makers have developed efficient

and economic means of recycling the many different types and forms of copper scrap.
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Recycled copper makes up a significant proportion of total copper con-

sumption as seen below:

- . 'Percent -
Source of -Copper . of Total Consumption .
Recycled copper . ° 4201
Foreign ores . 8.4
_Domestic ores e 45.1
Other 4.6
TOTAL L 100.0

Problems

Estimates of perce}}tage recycling for theiinajorv identifiab-le_ markets
for copper were made-to outline those channgl; where t;.here'was sé"!f ol_:sta_cle to
Arecycling. Figure I is a schematic diégl:aq of recycled c.opp:ex" flow It‘ shows
estimatées of total agounts available for recycling in 1969, total amounts recycled
and total amounts ég_g recycled for the. jmajor identifiable scraP forms. About .

61 percent of the total copper availéble for r,ecycl'i:vlg‘ is r‘et;rned to some cdpper
use. The principal markets for recyélgd copper areAwi-re ax_1d cab}e,_ brass mill
products_, and cast brass and bronze products. »

Table I shows identification and analysis ofl thoseAproblems. concerning
copper that was_nqt.tecycled: in 1969. Table II shows identificat-ion and analysis
of those problems that do not'directly. reduce the amount vof.’ copper recycled.' _Thes
are problems that might have economic effects on ani in;‘!ivi&gal company or. on the
industry, or make operations more difficult.

Recommendat ions

In order to identify those problems having the highest priority for
attention, evaluations based on several criteria were made of each problem. The

highest priority ‘ideas are those that are so important that the public, as well

¢ -
Gy



Copper Wir
and Tube'

Wire ond
292.0 Cable

Brass Mill
1489.3 700.7 Products

. Moagnet Wire

Cartridge Bross

369.2 Brass/Bronze
Foundries

Other
Brass

Note: All quantities in thousand

short tons of copper 1374 Other

Copper content recycled as percent

. of total avoilable copper = 6 percent
- Other

Abditlves H

R

966.4 1489.3

Available} Recycled

FIGURE L RECYCLED COPPER FLOW, 1969

Source: Battelle estimates, U.S. Department of the Interior, Bureau of Mines, Minerals Yearbook,
"Copper' chapter.
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(b) appliance wire.
. A

4. Thus perhaps 35 to 10 per-
cent should not be
Tecycled,

3. Yet 18 percent is not
recycled.

6. This area’appears to be a
promising one in which to
increase recycling of
copper.
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TABLE I. IDENTIFICATION AND ANALYSIS OF PROBLEMS CONCERNING COPPER THAT WAS NOT RECYCLED IN 1969
___Jsez&mxo_zigﬂ.m" Some Copper Was Not Recycled
Title Copper Wire and Tube Magnet Wire Cartridge Brass
1. Copper wire s used for 1. Magnet wire is used for 1. Cartridge brass {s used
the following: windings fn motors 'and for small arms and am-
a) insulated’ communication generators. munition artillery sholls,
wire and cable . .
b) power wire and cable 2. Motors range in size from 2. Small arms and artillery .
¢) costéd magnet wire for common fractional horse- rounds are fired mostly
transformer and motor power motors for house- either at domestic mili-
windings hold appliances to common tary bases or in batthc
d) other types of inaula- generators and larger frac-  flelds,:
ted wire and cadblae for tional horsepower motors . .
building, automobile, for automobiles, smail 3. Small-drms and ertillery-
alrframe, and shipboard pumps, aad machines, to shélls cdn be 100 per-
applicstions- less common large horse- cent recycled. from
. ¢) insulsted :appliance wire power motors. military ‘training bases.
4 and flexible cord sets :
f) wire for large 3. In short, the most common 4. However, amall arms shells
PROBLEM transforwar and motors contain small amounts are often scattered {n small
. DEFINTTION wotor vlndl.ns.. * of copper individually but quantities over many .
large 8 in .aggregat square milas of land, but
2. Of the abcve,. magnet wire The larger cowmmon motors shalls are-easily recog- '
is not {ncluded (it 1a under contain large amounts of nized and are valuable.
magonet wire problem). copper but thess doa't
consume much in aggregate. 5. Artillery shells are often
3. Copper tube is used for ) ) ) scatterad in larger
the following typical 4, In addition, copper windings quantities--over many
end-products: are generally surrounded by - square miles of land--
a) plumbing tube iron making simple recovery but these are easily
b) air conditioning and ° difficule, recognized as being
refrigeration : valuable,
¢) heavy industrial :
equipment. .
4. At the end of their use-
ful lives, communication
cable, power cable, bare’
wvire from large trans- N
formers and generators,
and plumbing tube from
larger buildings are col-
lected, processed, and
recycled, ' ..
THOUSAND SHORT B
TONS OF COPPER 151.8 144, 5 76.7
NOT RECYCLED
PERCENT OF
AVAILABLE '
COPPER JOT 18 n bed
. RECYCLED
1. After a usable service 1. After an average useful 1. Cartridge brass scrap .
11fe of up to 30 years, service life of 6 years sells for about ’30 ‘conts -
copper cable 1s about 100 for magnet wire in & per pound in the United
percent recycled as scrap consumer appliance to 10 States,
by utilities and phone com- or more years for larger )
panies after being replaced. fractional horsepower 2. Items, like glass bottles,
. ‘ motor applications in- etc:. with lower value
2. Plumbing tube, which is tended for industrial or are being recycled in the
generally {n place for the farm use, the motor is .UTt-ted States.
entire 1ife of the building, - scrappcd }
can have a life up to 60
PROBLEM to 65 years. When build- 2, If economically recyclubla, 3. Logic would indicate that
* ANALYSIS ing is torn dowm, copper material returned, on aver- most cartridge brass, at
1s ‘segregated and recycled, age should equal magnet market conditions, should
S wire use about 8 to 10 be recycled.
3. Nearly sll of the adove {s years ago. Y .
economically recyclable ex- .
cept those applications in 3, However, recycling rate is : - .
wvhich the copper item is & just 9 percent. 4, Yet only 63 percent-of
small fraction in a widely cartridge braas 1g,
dispersed consumer product, 4, This area appears to be a recycled.
a.g., (a) sir conditioning promising one in which to .
waid refrigeration tube and increase recycling of
copper. $. This appears to be a prom~

1sing ‘area in vhich to

increase the racycling of
copper.



ot recvcLeo 1N 1969 (Continued)

T SR A

:Scrap Categories Where Somc Copper Wam Not Recycled
Tielo —S5ztp coregortes Wnore Seme Copper vae potpegeles
1. a) This category includes 1. This category includes all copper
all brass mill products powders, many of which are used to
except those considered - strengthen iron-based P/M parts.
in other catogories: '
o cartridge bdrass 2, This category includes all copper
o copper (unalloyed) used by the steel, chemical,
wire, tube, and strip. aluminum, and other industries
b) This category includes as an alloying additive,
all draes/bronze foundry
products, 3. In the above applications copper
c) Two brass mill products is a nminor part of a much larger
which have been included system. For example, copper
1in this category, strip contents for low-alloy steels
for sutomobile radiators range from 0,20 to 3.00 percent.
and railroad car bo..d, Steels and other copper-containing
are enslysed separately _alloys are uneconomical to segregate
PROBLEM in Table 13 {n the text. and use over for copper content.
DEFINITION Bach product is about " Consequently, the copper content
- ‘ 90 parcent recycled. 1s sufficiently diluted to be
. : . determined as lost,
2. Braass mill products included
are uged in a myraid of
different applications,
¢.8., plumbing and heating,
hardvare, fasteners and
| closures, watches, acrew
wmachine products, stc.
3. Brasa/bronze cast products
are used 1in pumps and
' valves, ship propellors,
plumbing fittings, etc,
+
]
. 1
) i
TIOUSAND blIUE'l'\
TONS OF COPPER
NOT RECYCLED 496.5 96.9
AVATIARLE
COPPER NOT 43,6 100.0
RECYCLED
. _
. 1. Due to the lack of statis- 1, Copper, as an alloying element
tical {nformation, it is in either aluminum or steel {s
not known what types of usually present in quantities’
products are being récycled under 1 percent.
except strip -for automabile
radiators and railroad car 2. In many cases, copper containing
boxes. Since the latter alloys are produced in relatively
are tabulated separately, small tonnages,
vocycling rates for these )
can be calculated, As 3. It is practically impossible to do
shown in Téble 13 in the aither of the fgllowing:
PROBLEM text, automobile radistors a) separste copper from alloy
*ANALYSIS and railroad car boxes are b) segregate low copper alloys
//cnch about 90 percent from similar alloys containing
.7 recycled, no copper for the purposes
of reusing copper content.
The brass mill and brass Result: copper is usually
foundry industries sell diluted,
products to a number of
different market segments. 4., This is not a promising area in

3.

Some of these are:

a) alloy copper tube

b) brasa/bronze valvea

c) coinage

d) brass/bronze plumbing
fittings

¢) tube for heat exchangers.

Due to the lack of data
concerning the above and
other large markets for

brass mill or brass foundry

products, it {sn't known
to what extend these pro-
ducte are being recycled.

This appears to be a prom-
{aing ares in which to
increase recycling.

wvhich to increase the recycling
of copper.

—" g

—
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IDEQTIFICATION AND ANALYSIS OF PROBLEMS WHICH DO NOT

TABLE 1I, | ‘
DIRECTLY REDUCE THE AMOUNT OF COPPER THAT IS RECYCLED (1’
: ‘Wire Insulation T
Title Removal ’ Declining Secondary

: Copper Markets

1. Most cable and wire

‘1, Brass/bronze foundries have

" has been insulated lost the new ratlroad car
or covered with either journal bearing market” to
lead, polyethylene, PVC, roller bearings, and the
-rubber, asbestos or repair railroad jourpal
paper and cloth. segment is expected to
L ’ decline to zero within 1Q

2. To be recyclable, the to 15 years. Other brass/
“{nsulation must be bronze application markets,
removed. e.g., plymbing fittings, are
s also expected to. see reduc~
3." However, due to strin- ‘tion in share of market due
.. gency of air pollution to competition. from plastic
PROBLEM ~regulations, processors materials. ' = -
DEFINITION ‘must ‘use either incin- .
- eration equipment with 2. Increasing competition from
suitable pollution abate- aluminum in such areas as

“ ment equipment, or mech~ service drop cable, bus 'bars,
_anical methods such as and power cable--where less
cable stripping or frag- serious design constraintsg
mentizing. R exist is expected. However, -
y e in some magnet wire applica-

4. There is a trend toward tions, e.g., consumer ap-
fragmentizing most ord- pliances--where design 1s
4nary insulated wires more constraining--might be~

. and separating copper come a future problem..
from insulation with air ~ .
blowers or other suit- 3. Use of some brass mill pro-

- able techniques. However, ducts, especially those used
the process 1s difficult . in construction, e.g., plumb-
with armored. or greased ing tube, copper/brass trim,
cables. etc., will décline relative
R : to plastics, aluminum, etc,

No significant effect on re-  No significant effect on zgsgleof

EFFECT ON cycling. ' Some economic recycling. Some effect on

RECYCLING effect because of increased amount of recycling for parti-

RATE investment for equipment. cular applicatioms on a long-
o term basis,

1. The stringency of air 1. It is unlikely that contin-
pollution laws is forcing ued decline of those mar-
‘processors into higher kets where some other
cost equipment. product has been found

e superior can be slowed or

2. This is creating need for averted. :
‘larger processing opera- . _ L )
‘tions to justify higher 2, N:w g;ogucss 4?4_9§}:ya.t111

. shou e developed to u ze
PROBLEM ch?t equipment. properties poasegséd by-cppbcr as
ANALYSIS "

3. Déﬁeio ent of cheaper
‘and moggeversatile equip-
ment methods, would be of

great help.

¢
|
|
i

I

compaved with its substitutes;

(1) Problems adversely affect économlcs or practice of recycling but-thg'effect
e i This situation is considered an

in terms of . amount cannot be measured.

indirect effect.

(2) Rate of recycling =

1

Material recycled

Total available to be recycled - E}E}



TABLE 11,

(Continued)

IDENTIFICATION AND ANALYSIS OF PROBLEMS WHICH DO NOT
DIRECTLY REDUCE THE AMOUNT OF COPPER THAT IS RECYCLED

Title Air Pollution Control Customer Prejudice

1. During melting of brass at 1. Two charges often made againat the re-
a foundry, ingot maker, or cycling industry are: (a) Recycling
secondary.smelter, small materials industry is often the most
quantities of zinc and other important reason for fluctuations in
materials are oxidized and price of refined copper. (b) Users of
expelled from the melt as refined copper wire bar not made entirel)
flue dust, from ore sources sometimes claim that

such material is inferior to that made

2. Nothing can be done to solve ent{rely from ore sources,
particulate pollution by.
melters except by purchasing
pollution abatement equip-
ment.

PROBLEM

DEFINITION 3.

Efforts to combat this prob-
lem in many cases may en-
tail higher costs.

No significant effect on the No significant effect on the amount. of

EFFECT ON amount of copper recycled. copper recycled, Little or no economic -
RECYCLING Some economic effect on effect. -
RATE smaller foundries because
' of increased investment cost.
1. This will probably result 1, Consumers and large producers of copper
in fewer, but larger found- find a small secondary copper source
ries and ingot makers. a convenient target when copper prices
. are rising. Swings in refined or other
"2. Development of cheaper and copper prices are not primarily due to the
better pollution control recycling industry, but due to a combin-
equipment would be of great ’ ation of causes, Some of these are:
help. , sharp increases/decreases in demand by
PROBLEM copper ugers, sharp decreases/increases
ANALYSIS in supply by all copper suppliers including

changes in governmental stockpile levels.

2. Consumers find a small secondary copper
source a convenient target when they have
processing difficulties. Refined copper
wire bar made to specification from some
scrap sources is equivalent to that made
completely from ore in price and maxi-
mum {mpurity levels. Yet, many consumers
of copper will purchase refined copper
made only from ore sources.

" 3. Making secondary copper products equiva-

- .lent to primary copper products in Y
reputation, in addition to specification,
would be of great help.
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as the copper/copper recycling iﬁdustry;fwou}d have interest in their solution.

Conéequently, these problems are important enough to be -acted upon by EPA.?‘THese

p

problems with their recommended actions are-.shown in. Table III. Lower priorlty

1deas .are those which are 1mportant for the recycling 1ndustry to solve, but f

. 1
T EX )

which are not important enough for full-scale participation by the public Con-
sequently, these problems are not 1mportant enough to. be acted upon by EPA ﬁhe

problems:with their recommended actions are shown in Table IV.

b
<
XA



TABLE II1. RECOMMENDED ACTION,

HIGH PRIORITY COPPER PROBLEMS

Copper Wire and Tube*

Title Copper Magnet Wire Brass Products |
1. R&D should be undertaken to 1. RAD should be undertaken 1. An investigation should
develop economical techniques | to-develop an economic be undertaken to jeter-
ACTIONS and technology for the. mech- process for recovery of mine why 496,500 short
RECOMMENDED anical separation of copper copper magnet wire from .tons of ‘copper ciatained
wire and tube from aluminum, small motors. : in brass product: were
steel, plastics, and in- . not recycled in .969.
gulations of variopus kinds,. R SN
sy wnoy 1 D) EPA/NASMI EPA/NASMI EPA/NASMI .

1. NASMI form a committee of 1. NASMI form a committee of 1. NASMI form a comittee of
three copper smelters and three copper smelters and two copper smelters,
three major. scrap pro- three major scrap pro- two major scrap jrocessors,
cessors. cessors. and two ingot maker;i.!

2. Comnittee discuss problem 2. Committee discuss problem 2. Coummittee analyze vhy! there
with several of each of with several of each of {s a low recycle rate. for
the following: the following companies: brass products. - |
o electric utilities e manufacturers of ) P
e cable manufacturers fractional horse- 3. Committee discuss problem
¢ manufacturers of: power motors ' with .S, Bureau of Mines,

consumer durables e manufacturers of Department of Comerce,

send durable goods magnet wire. and Copper Develcoment

that employ copper Association to fiad pos-

wire and tube. " 3. Survey the following sible reporting errors.
) ’ organizations to find out . . - i

3. Survey the following vhere magnet wire products 4. Committee discuss problem
organizations to find out . are going when discarded. with original equipment
vhere copper wire and ® scrap processors manufacturers ani other
tube are going when e secondary smelters final users of brass -
discarded: ° e municipal waste products to find out where
® scrap processors handlers and how much brass goes into
o building dismantlers e other, various major markets.

e secondary smelters ' !
e municipal waste 4, Analyze the results 5. Survey the folloving or-
handlers. of 2 and 3 above to - ganizations to find out
. determine 1f recycle where brass prod:cts are
4. Analyze the results of rate is indeed low; going when discazded:
2 and 3 above to deter- if so, analyze how to ® s8scrap processcrs
mine if recycle rate is ‘increase it. e_.secondary sme.ters
indeed low; 1f so, ¢ municipal was:e handlers
analyze how to ) 5. Take appropriate e other.
increase it. - actions on feasible .
ideas generated by 6. Analyze the resu.ts of 3,

5. Take appropriate actions analysis, 4, and 5 above t: determin=
on feasible ideas gener- if recycle rate :is indeed
ated by analysis. low, and {f it is, how to

increase it. :
7. Take appropriate actions
on feasible ideas generated
by analysis.
Notes: * Except copper magnet wire.
« ¥ Except the following:
(a) cartridge brass
(b) unalloyed copper wire and tube.
(1) The responsibility for recommended actions shown in this table are based on importance of the
- action, benefit to the taxpayers, and opportunities for NASMI. They are the best judgments c: Battelle.
(2) Recommended actions were distributed between high priority and lower priority based on the
s evaluation with three criteria. _
It is suggested that NASMI continue its leading role in recycling, recognizing that other orginizaticns

(3

Information, and State, Local, and Federal Legislatures must be fnwolved.
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TABLE 1V.

xiv-d
RECOMMENDED ACTIONS, LOWER

PRIORITY PROBLEMS (Continued)

-" Wire Iﬂsulation Reﬁoval

Declining Markets

An investigation should
be undertaken to develop
more effective methods of
wire insulation removal. -

Continue R&D efforts and
initiate additional programs
to find new uses for copper
and brass products,

NASMI

NASMI/COPPER DEVELOPMENT ASSOCIATION/
BRASS & BRONZE INGOT INSTITUTE,
PRIMARY PRODUCERS

1. Form e committee

of major scrap pro-
cessors,

2. Committee analyze pres-
ent methods and probléms
of removing insulation,

3. Committee investigate
methods and processes
for removing armored
steel and. grease, etc.,
from cable,

4.. If no acceptable methods
are found; determine if

All interested organizations
cooperate in R&D programs
to promote continued use of
copper and develop new :
applications, supplementing
efforts of copper and copper
alloy producers,

it is feasible to-carry on R&D
to find out economic methods

to remove the above.

xiv
- TABLE IV, RECOMMENDED ACTIONS LOVF.R PRIORITY PROBLEMS
Title
Title Cartridge Brass Legislative Problems
An investigation should be An investigation should :
made.Find out why 76,000 short be tnitiated to detérmine ACTIONS
ACTIONS tons of copper contained in what steps can be taken to " RECOMMENDED
RECQMMENDED cartridge brass were not re- amend various legislation
cycled in 1969. A good . practices which aren’t in
portion of this may be ex- the best interest of the
plainable by errors of recycling industry and the .
reporting or by exports of public. These probléms are: - -
copper contained in cartridge e Sale of emargency ’
brass from Southeast Asia stockpiles.
to countries other than the e Restrictiorns on the expor-
United States. tation of ‘certain types
. of scrap. ;
. i BY WHOM -
BY wum(l) @ NASMI NASMI H
i
!
1. Form a committee 1. Form a committee .
representing representing
" @ major scrap pvocessors and e NASMI, “
® major export/‘myozt ® majOr ecrap processors,
dealers o and smelters. i RECOMMENDED
RECOMMENDED ! STEPS
STEPS 2. Committee analyze why there 2, Inform pertiment :
is a low recycle rate for committees in Congress on
obsolete cartridge brass, the effects of various
’ legislation on the
3. Committee discuss this prob- recycling of copper
lem with U,S, Bureau of Mines, materials.
Department of Commerce, Depart-
ment of Defense, and Copper
Development Assoc iation,
4 Committee discuss this prob-
° lem with several of each of
the following:
e Brass mills
e Cartridge and artillery
shell producers
(1) The responsibility for recommended actions shown in this table are based '
on importance of the action, benefit to the taxpayers, and opportunities
for NASMI. They are the best judgments of Battelle.
(2) Recommended actions were distributed between high priority and lower
priority based on the evaluation with three criteria.
(3) 1t is suggested that NASMI continue its leading role in recycling,

recognizing that other organizations such as the Bureau of Mines,

'Department of Commerce, Council of Environmental Quality, HEW Office

of Information, and State, Local, and Federal Legislatures must be
involved.
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TABLE IV. RECOMMENDED ACTIONS, LOWER PRIORITY PROBLEMS (Continued)

Titie - Air Pollution Contrcl Customer Prejudices
An investigation should A campaign should be
be undertaken to determine undertaken to inform copper
ACTIONS : the best present pollution users of quality of
RECOMMENDED *  abatement methods, and to ~ secondary copper.
find improved, cheaper methods. .
' 1y @) NASMI/INGOT MAKERS
BY WHOM AND SECONDARY SMELTERS . NASMI
1. Set up a com- . 1. Continue general publicity
mittee of: and educational programs
e ingot makers and including sponsorship of
@ secondary smelters. technical seminars,
RECGMMENDED 2. Committee analyze pres- 2, Start advertising and
STEPS ent pollution abatement educational program to
practices of industries publicize recycling of
with problems similar copper.

to it.

3, Committee should obtain
advice from prominent
pollution control equipment
manufacturers concerning
suitable equipment and cost.

s
— e
— e

H
&

INTRODUCTION

In June 1970 Battelle undertook a research program for the National
‘Association of Secondary Material Industries, Inc. (NASMI). This was under a
subcontract of the Office of Solid Waste Management grant to NASMI. This repo
on copper and copper alloys is one of a series of eight commodity reports plus

general report.

Background

The Office of Solid was;e Management is responsible for formulatin
and recommending Federal Government policies in-the area of solid waste.poll
This includes pursuing appropriate research to determine the status and prob
of solid waste activities, and to develop programs to reduce solid waste pol!

One approach to the reduction of solid waste pollution is to reclas
waste materials for reuse - the recycling cdncept. A well established indust
the secondary materials industry--exists to accomplish this recycling., NASH
the trade association representing the nonferrous metals, paper, and textiles

portion of this industry.



The scrap précessérs, secondary smelters, ingot makers and other companies
that make up the sééondary matefials industry havé developed effective channels and
methods for recycling nearly all waste materials of eéonomic value. These
companies have performed their difficult and essentigi functions well in thg
rraditional economic eavirenment,

More rgcently édditional dimensions have been added to this traditicﬁal

economic environment. These new dimensions are (1) improvement of the environ-

‘mont in which we live, and (2) increased need for conservation of naturgl
zespurces. These new dimensions provide new challenges and opportunities for
the recycling industry. No longer is economic gain the scle driving force for the
recycling of waste materials. Social gain has been added in the forms of
improved liviné conditions and preservation of resources for future generations.
In an economics~baced nation this creaces problems of interpretation and
evaluation of noneconomics-based goals and wctivities.

The purpose of this series of reports is ro identify obstacles to the
recycling of nonferrous solid wastes, and to recommend dirccrions for investiga-

tion and research to overcome these obstacles.

Obfectives

The objective of the study on which ‘this report is §ased was tg
identify opportunities for ihe increased utilization of solid waste. The major
s;;;objectives were:

{1} To determine the structure and functions of the'seccndary

materials industry, and its relationships to sources of
supply and markets

(2) 1o identify and evaluate problems of ‘recycling - materials,

scurces, industry, and markets, and

(3) To determine opportunities fer increased recycling.

2407

Scope
The major subjects included in the scope of the study are the secondary

materials industry, the materials j¢ recycles, the sources of sclid wastes, and
. . 4

‘the narkets for recycled materials. Activitices ﬁeriphural eo these major
subjects are. considered where pertipent te recycling

The materials included in the sﬁudy are:

Aluninum ER Rickel and Nickel Alloyg,,

e

Copper and Copper Alloys Precious Metals {Silver, Gold, and

Lead ) Platinum) '

Paper

?
inc Textiles

Rzsearch Methods
hisgarch Methods

The methods and procedures used in the Study are discussed vnder four

types of activities, They include (A) literature search, (B) extensive survey
YOS

(C) in-depth survey. and (D) analysis and synthesis,

Literature Search
Zo——ootUlE oearch

The literature search included sathering and 2xamining books, Government
reports, industry reports, znd. trade jcutnalg covering solid waste -handling and
problems, recovery and marka; daté, and recydlingjof valuable materiais.

The results of this gﬁfort included tge accumulation of datg agd descrié-
tive material, and an organized biblicgraphy dealing with each of the commodities

covered in the scope of the study.

Extensive Survey g

The extensive survey cf the secondary materials industry consisted of a

mail survey and personal interviews with management personnel of companies involved

oW



with the collection, processing, and sale of secondary maCefials. About 600

responses were received from the mail survey.

The information developed through the extensive survey included dollar
sales, tons of major materials handled, types of solid waste processed, sources
of materials, investment, equipment and facilities, number of employees, the
amount of space used, and the grades and quantities of secondary materials
produced.

The data from the extensive survey'ptovided statistical tabulations of
the regional distribution of the secondary materials industries by type of

commodity in terms of numbers of establishments, volume of business, and numbers

of employees.

In-depth Survey

The in-depth survey of selected members of the secondary materials
industries, their suppliers, and the users of their products served to identify
the major technical and economic problems facing those companies involved with
secondary material utilization. About 200 interviews were completed. Battelle
and NASMI commodity specialists jointly. selected the companies to be interviewed
in depth, '

Interview guides for cach of the commodities were preparcd. The
problems and potential solutions for greatest recycling and waste utilization
that were developed from the literature search and prior Bureau of Mines work
plus the knowledge of the NASMI commodity specialists provided the basis for design-
ing the interview guide. Sample guides are reproduced in the Appendix of the

General Report.

109

Analysis and Synthesis

The analysis and synthesis step was concerned with the collation and

analysis of data and information derived from the literature, extensive survey,

and in-depth survey. The analysis and synthesis activity covered the following

tasks:

1

)

3)

)

Economic Data on the Secondary Materials Industries. The

economic data developed through the extensive survey of the
secondary material industries was tabulated and analyzed to
determine the amount and type of solid waste handled, and to
accumulate operational data such as number of employees, amount
of space required, capitalization, and geographic locations.

Flow Diagrams and Life Cycles. Flow diagrams were developed

to indicate the flow of materials from primary production and
scrap sources through fabrication. Life cycle estimates of
various products were used to develop data on the amount of
materials available for possible recycling.

Demand -Supply Relationghips. Estimates were made of future

demand and supply levels for secondary materials. The rela-
tionships between these data provide an indication of potential

surpluses or shortages of recycled materials through 1980.

Stability of Flow and Consumption. This analysis is closely

related to the supply-demand analysis described above and
identifies the ability of the various secondary materials to
compete as source materials for manufacturers. A number of
factors were examined such as price changes in the secondary
materials, the availability of materials, and the effect of

sudden changes in the magnitude of demand.

3o



)

(6)

(€))

(8)

.- 6.

Direct Impacts of Technological Chaﬁge. Direct technical aﬁd

technological factors were examined to determine their effects on
the rates of processing and‘recycling. Potential changes that
could take place in technology that could decrease or 1pcrease
the rate of solid waste recovery wer; examined. This included .
the identification of potentiaily recoverable solid wastes,

the problems limiting the recovery to currentjlevels, and the

possibilities of technical advances through the use of known .

technology or through added scientific and engineering research.

Constraints on Expansion of the Secondary Materials Industries.

This analysié included consideration of the elements critical to

~ expansion of recycling - labor and management availability,

laws and regulations, equipment availability, nature of solid
waste materials, market needs, etc.

Potentials for Expansion of the Secondary Materials Industries.

Based on the constraints identified in the above task, plus
examination of various methods for overcoming constraints,
this task determined the ability of the secondary materials

industries to meet new opportunities for recycling.

Indirect chhnoloqicnllchange. The broad overall technological

trends indirectly affecting the sccondary materials industries

were examined, and their probable impacts determined.

THE COPPER INDUSTRY
For yvears copper has been used in essentially three basic intermediate
product forms: copper wire and cable, brass mill products (including copper

tube), and brass copper and cobper‘alloy castings. The market segments that'uée

- these materialé’depeﬁd upon one or more of the outstanding physical properties

of the metal, e.g., outséandihg«thermal and electrical conductivity, outstanding

machinability, good corrosion resistance, and good ductility.-

Characteristics qf Copper and Copper Alloy Products

Copper and copper alloy products are produced in a wide range of differ-

ent chemical compositions and shapes, cast and wrought.

Grades of Refined Copper

Refined copper metal is marketed>in four basic types: (1) electrolytic cathode,
(2) tough-pitch, (3) oxygen-free, and (4) deoxidized copper. Electrolytic cathode
is the direct product of electrolytic refining and can be sold without further
processing. Tough-pitch copper is refined either electrolytically or fire-refined
and then cast into various shapes containing controlled amounts of oxyéen in
order to obtain adequate surface qualities on the casting. Oxygen-free copper is
electrolytic copper that has been further procéssed under reducing conditions in
an induction furn;ce-to glmini?ate small cuprous oxide concentrations. lDeoxi-

dized coppers are those coppers that have been freed of oxygen by the addition of

_‘rgsidual metallic deoxidizers, usually phosphorus and boron. See Table 1 for

standard chemical composition limits for the most common refined copper materials.

Copper is Fupplied in six basic shapes: cathodes, cast wirebar, cast
cakes, billets, ingots, and ingot bars and rod. Of the six, wirebar shapes and
wire rod accounted for about 60 percent of the total consumption in 1969. The re-
maining consumption is almost equally divided among the other four shapes.

iz

v



sasoueBusw Jusdiad ¢'Q ‘uoal Jusdrad [ ‘mnujunye
Juadaad 1 ‘oulz juasasd [*g¢ ‘aaddod juadiad gg) azuoxaq asauefuem 3Ise)d

(pea1 3juddaad 1
‘utl jueoxad T ‘oulz Jusdaad g¢ ‘aaddod juadiad (9) sseaiq MOTIaL 38%)

(ped1 3juddaed ¢
‘ury Ju9vaad ¢ ‘ourz jusdasd ¢ ‘iaaddod jusdsaad ¢§) sseiq pax 3Is\)

:sfoy1e KLIpunoj sseaq UoOUmOD

Isow a3yl aae Suymoriod 9yl °saT3ITTenb Burised poold pue LITTIqEUTYOERW pooB ‘L3t
-1139np pue yiBusays ajenbope 03 uoTITppe uT ‘dApy ISNW UOTITPUOD ISED DYl UT pasa
2q 031 2ae eyl sessead ‘239 ‘pafiol 10 parlox Buraq 133Je pasn aie eyl 9ISSRIqQ

‘st 38yl ‘sasseaq 3ySnoam ussq vaBYy IBJ OS PIIIPISUOD §ISSEIQ VYL

$30Npoad X1punog 92zU01g/§58ig JO S9pEID

*(ur3 jJueoiad 1 ‘durz Jusoaad gz ‘iaddos juasaad 1£) Te3sw A3{eatmpy
(peal 3udd12d ¢'Q ‘ouyz Iusoxad ¢f ‘raddod Jusviad ¢'49) Sseiq popeaT-mo]
(ourz jusdiad g¢ ‘iaaddoo juadsaad mov §SBIqQ MOYT2X
(ourz 3udnzad ¢ ‘zaddod juadaad (y) ssewaq 38plajied
(dutz jusoirad ¢1 ‘1addo> jusozad ¢g) sseiq psy
(ouyz jusdiad Q1 ‘Iaddo> Jusdiad gg) SzU0iq TEIIISWMOY
$su0TIYs0duWod [ITW 8SpIq UOWNOD 3SOW IY3 9iv SLOTTE Buimoi103 °y3
‘s9d4y padorleun ueyj 13yl “jusmdinbs swes ayj :r pasnpoid aq ued> Lay3 9duys
:wuu=vmma 1178 ssexq,, paaspreuod sie djizs pue aqny ioddod> se yons sionpoxad pakor(e
-un u2A3 ‘98 1wy 3onpoid sseiq B Jou ySnoyiry *suoIledryToads (WISY) paspuels
pue K1e3T1}. J3WOISND [BTAISNPUT Jo K33T1IeA B 03 kuruOun 2ae sfo]Te® ¥sIYL

*SuolITsoduod pue §39npold [T¥M SSBIQ JUIIIIITP JO SPIAPURY 918 IIaY]

muu=v0wm T1TH sselqg Jo sopwid

SPECIFICATIONS FOR MOST COMMON REFINED COPPER MATERIALS

TABLE 1.

Slabs, Billets, Ingot_and Ingot Baxs
ASTM Designation: B 5-43

Cakes

er Wire Bars

Electrolytic Co

A

position--99.90 percent Cu, silver counted as copper.

Resistivity--Shall have resistivity not to exceed the following

Chemical Com

v

Resistivity, max. international ohm

.-0:15328

Wire Bars

. 0.15328
. 0.15694

.

when specified for electrical use .

other uses

Fire-Refined Copper for Wrought Products and Alloys

Other Shapes

B 216-49

ASTM Designation

These specifications cbver fire-refined copper for fabricating into wrought products not intended for electrical

purposes, and for alloying in cast and wrought alloys.

The copper in all shapes shall conform to the following requirements as to chemical composition

Nickel, maximum percent. . . . 0.05

Copper plus silver, minimum percent. .99.88

Arsenic, maximum percent .

0.003
0.004

Bismuth, maximum percent .
Lead, maximum percent.

0.003

Antimony, maximum percent.

Selenfum plus tellurium, maximum

. 0,025

percent.

Source

19103.

American Society for Teating and Materials, 1916 Race Street, Philadelphia, Pa.
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Characteristics of the Coppef Industry '

Copper is a relatively high-valued material and is marketed interna-
tionally as a concentrate, an ore, "blister", copper and copper alloy scrap,
r;fined metal, and fabricated pr;ducgs. The United States is ome of the few
countries using the bulk of its mine output and its seéondary copper in the pro-

duction of fabricated goods in addition to importing. relatively large quantities

of ore and other copperJCOnEaining products. The-U.S.Acopper.industry is comprisédA

of integrated primary producers, copper wire and brass fabricators, and the secon-

dary copper industry. The major producers of refined coiper’and tﬁ?ir éapacities

are shown ‘in Appendix A.
Materials Sources

The United States deﬁénds on the following basic sources for copper
bearing materials:

1969 Consumption
(thousand tons, copper content)

Domestic ores . : 1,469
Recycled scraé ’ . . 1,375
For;aign ores . . 274.
) Stock change (refined and other) . 60
Unaccounted ' o 93'

4 As seen above, most of the copper either is produced from domestic ores
or recycled scrap. However, smaller, but significant, amounts of copper are -

derived from foreign ores.

115

11
Materials Flow

A diagram showing the materials flow from source of copper to fabricar

‘ted product is shown in Figure 1. A4s shown, the major sources "«r copper are ~

U.S. orebodies and iecycled secondary materials. All of the ore, foreign or
domestic, and some of the scrap is consiumed and refined‘by_oﬂe of the large, verti- .
cally 1ntegrated copper companies. The bulk of'the refined products goes iqﬁo

éoépér wire or brass manufacture; some of it is exported and some of it is sold

for foundry and other domestic use. Most of the scrap not made into refined .

products is recycled to either brass mills, ingot makers, or foundries in the form

of scrap or secondary ingot; although some ot it goes into steel or aluminum manufacture.

Copper Producers -

Overall, the large producers of copper are usually vertically integrated
from ore to fabricated product; American Metal Climax, American Smelting and
Refining, Anaconda, Kenmnecott, and Phelps Dodge maintain the largest refining

capacities. Furthermore, most of this capacity is in the form of electrolytic

irefining.

Many producers who convert refined shapes into fabricated shapes are
divisions or subsidiaries of the copper refineries, e.g., Chase Copper and Brass
(Kennecott Copper Corp.) and Anaconda American Brass (Anaqonda Co.). However,
ma jor independents exist in each of the major fabrication fields; these companies

purchase their copper from the major domestic or foreign produrers o

copper and domestic recyclers of copper and copper ‘alloy scrap: -

-
"

efined

Other major producers of copper products are the recycling industry.
In addition to segregation and recycling of scrap, the recycling industry produces
a diversity of different alloys to be used as raw materials in the brass and
foundry -industries. The latter industries are discussed in detail in a subsequent

section.

2:6
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Wire Mills
1,294,000

3,271,000

Bross Mitis
1,318,000

Foundries
407,000

Powder ond Other

Refined and
Other Stock

Note: All figures are short tons
of copper content

Supply. . Consumption

FIGURE 1. "MATERIALS. FLOW FOR COPPER, 1969

Source: U.S. Departmeat of Interfor, Bureau of Mines, Minerals Yearbook,
"Copper" chapter. . .
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Table 2 gives the latest sgtatistical iﬁformation on primary and secon-

dary copper smelters.
Productfion

Production of copper has increased from 2,236 thousand short toms in
1950 to 3,011 thousand short tons in 1965 and to 3,182.6 thousand short tons in
1969 (see Table 3). About 70 percent of this was refiued copper from ore or scrap
sources; the rest was processed or produced as segregated scrap or secondary ingot
About 55 percent of the copper produced originated as ore; about 45 percent

originated as scrap.

Markets for Copper

The main uses for primary and recycled copper are in brass mill products,
wire and cable, cast foundry products, powder, and "other" miscellaneous uses.
These uses for copper are described in this section and in further detail in

Appendix B.

Historical Markets

Consumption of copper by main uses for the years 1950, 1955, and 1960
to 1969 is shown in Table 4. Copper consumption has grown ;lowly during the past
20 years in the brass mill products and wire and cable products. However,
foundry products, among the large consumers of copper, have remained essentially
constant during the same time period although there have been wide fluctuations

year to year.
Prices

Producer prices for electrolytic copper in the United States for selec-

ted years are shown in Figure 2. However, due to shortages of refined copper in

' iR



TABLE 2,

GENERAL STATISTICS FOR ESTABLISHMENTS, BY INDUSTRY SPECIALIZATION AND

PRIMARY PRODUCT CLASS SPECIALIZATION: 1967
Induvs- , .
‘try of Estab- Value . Capital
Procuct lish- All Emplovees .Added by Cost of Value of Expendi-
Class Industry ments Number Payroll Manufacture Materials Shipments tuares, new
Coce or Product Class (number) (1,000) . ($ million) ($ million). - ($ million) ($ million) ($ million)
3331 Primary’ Copper
Entire industry ' 32 11.6 80.6 262.6 - 935.0 1,184.1 €17
33412 Secondary Copper (pig, ingot,
shot, etc.)
" (Primaty product class of : . :
establishment) 42 3.8 30.3 52.7 410.9 464.3 3.5

'Source:. U. S. Department of Commerce, Bureau of the Census,

Metals and Alloys'.

1967 Census of Manufacturers, "“'Smelting and Refining of Nonferrous



TABLE 3,

PRODUCTION OF COPPER IN THE UNITED STATES

(Copper content, thousand short tons)

1968

Type/Source 1950 1955 1960 1965 1966 1967 1969
Ore sources 1,239.9 1,342.4 1,'518.9 1,711.8  1,711.0 1,133.0 1,437.6 1,742.8
Scrap sources 206.5 236.4 291.7 445.0 490.3 406.6 416.6 491.0
Total Refined 1,446.4 1,578.8 1,810.6 2,156.8 2,202.3 1,539.6 1,854.0 2,233.8
Secondary copper __190,0 186,4 601,1 855,1 910.5 _ _803.5 853.5 __948.8
Total Copper Produced 2,365.2  2,411.7 3,011.9 3,112.8 2,345.1 2,707.5 3,182.6

2,236.4

Source: U.S. Department of the Interior, Bureau of Mines, Minerals Yearbook, '"Copper" chapter.

U.S. Department of Commerce, Business and Defense Services Administration, Copper Report.

CcT



TABLE 4. CONSUMPTION OF COPPER PRODUCTS BY TYPE
(thousand short tons)

— e ————— et
- e =

Copper Content

1950 1955 1960 1961 1962 1963 1964 1965 1966 1967 1968 196913)
Brass M{lls
Refined 675.1 647.0 486.5 599.8 636.1 673.9 690.4 739.9 928.5  650.4 652.5 796.7
Scrap oy 317.4 356.4 265.8 266.1 323.4 346.9 389.9 441.1 © 472.0 412.6 452.6 516.4
Recycled Ingot 2.9 6.0 4.8 4.3 5.5 5.2 5.2 5.1 5.2 3.4 4.1 5.1
Total 995.4 1,009.4 757.1 870.2 965.0 1,026.0 1,085.5 1,186.1 1,405.7 1,066.4 1,109.2 1,318.2
wire Mitls(? _ '
T Refined 713.4 812.7 828.8 823.8 922.9 1,036.2 1,097.5 1,223.4 1,370.8 1,240.2 1,189.3 1,293.6
Foundtles(3) . ) . ) ] - R
Refined - 3.2 24,5 22.7 - 23.9 . 26,7 22.4 25.3 28.1 42,9 35.4 31,0 - 44.0
Scrap : 148.5  115.6 86.8 %.1 78,5 92,1 . 99,1 . . 95.2 116.2 97.2  92.8 125.4
Recycled Ingot 277.5 250.4 203.8 201.6 ~  206.9 216.1 232.7 251.3 . 262.8 233.9  241.1 - 237.8
Total 460.2 390.5 313.3 299.6 312.1 330.6 357.1 374,6 421.9 . 366.5 364.9 407.2
Powder Plants - _ :
Refined 6.9 9.1 6.2 7.2 7.4 8.1 7.8 9.4 -13.1 6.5 A - 1.5
Scrap 5.3 10.9 9.7 7.6 -8.9 8.2 14.1 15.1 -17.0 16.0 17.5 17.5 =
Recycled Ingot 0.1 1.2 1.4 2.1 2,6 3.3 3.0 2.8 3.4 4.9 4,6 3.9 o
Total 12.3 21.2 17.3 16.9 18.9 19.6 24.9 27.3 33.5 27.4 29.8 28.9
Cther Industries(a) ) ) -
Refined 46,4 23.0 28.9 29.1 24.4 23.8 26.5 21.2 25.3 19.9 19.4 27.7
Scrap _ : 42.2 50.9 36.3 35.7 38.6 40.4 42.2 47.4 50.4 43,7 43.4 ,46.0
Recveled Ingot 2.3 1.8 0.7 1.2 2.7 2.4 3.2 3.6 3.2 2.8 3.8 3.5
Total : 90.9 75.7 65.9 66.0 65.7 66.6 71.9 72.2 78.9 66.4 66.6 77.2
Copper Consumed . : . : . .
" Refined(d) 1,482,2 1,523.1 1,381.3 1,493.3 11,6270 1,768.1 1,852.2 2,028.5 2,400.3 1,961.4 1,906.3 2,176.3
Serap : 790.0  786.4 601.1 583.2 657.6 710.9 784.7 855.1 910.5 805.5 853.5 948.8
TOTAL : 2,272.2  2,309.5 1,982.4 2,076.5 2,284,6 2,479.0- °'2,636.9 2,883.6 3,310.8 2,766.9 2,759.8 3,125.1

(a) Preliminary,

(1) Ingot makers consume refined copper, scrap copper, and alloying metal and ship copper alloy ingots to brass. mills, foundries, powder plants,
_ and other industries. Their consumption of scrap and/or refined is included in copper consumption figures at bottom of Table.

(2) Wire mills consume refined copper only. ’

{3) Data adjusted by CDA.

(4) Chemical, steel, aluminum, and other industries,

(5) From scrap and ore sources,

Source: U,S. Department c¢f the Interfor, Bureau of Mines; Minerals Yéarbook, "Copper' chapter; Copper Development Association, Annual Data 1970 Report
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the United States, some consumers have had, upon occasion, to purchase copper from
the London Metal Exchange (LME). Consumers, however, who have had to purchase
copper from the LME have done so at more widely fluctuating prices than those

who purchase from domestic producers.

End Uses for Copper

Brass mills'qnd wire mills each account for over 40 percent of the total
copper consumption; foundry products account for about 13 percent of the total,

and other uses, e.g., powder, chemicals, the remainder of copper consumption.

Brass. Brass mills are the‘largest consumer of copper raw materials,
including scrap. Generally, copper, copper céntaining scrap, and alloying
materials are melted and cast into billets, slabs, or cakes, then fabricated inté
tube, rod and wire, and sheet in subsequent processing steps. Brass mills
perform the abové operations on a number of different copper and copper-base
alloys, e.g., pure copper, brass, phosphor bronze, nickel silver. SinFe brass
mills do little refining during melting phases, they should be considered more
1£ke fab;icétors than as foundries.

Brass mills supply both copper and copper-base alloys in all wrought

forms. On the average, about 35 to 40 percent of total brass mill production

i nn e —

coA;iéts of ﬁuré_ESBper shapes, sheet, rod and meghanical yire,-and tube. In late
years, especially, copper tube for plumﬁing and commercial tube applications has
been the major portion.of the copper fabricated by brass mills,

Generally, the largest end uses for brass mill products are for plumbing,
heating, and architectural products in the construction ind;stry; for automobile
radiators} fo; ;opper bus bars and other current carrying devices in the electrical

goods industry; and for use in a number of different applications in machinery

1<3
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~2Annd industrial and construction equipment. Due to the Vietnam conflict, however,

a far higher percentage of brass mill products have been used, since 1965, in
small arms and other types of ammunition. Other significant, but smaller, end
uses for brass mill products are in fasteners and fasteners, c . 'age and condenser

tube.

Wire. Like brass mills, wire mills consume large amounts of capper raw
méterials. However, most of the copper consumed is in the form of.a fefinery
shape; little purchased s;tap,or other recycled material is directly hsgﬂ by wire
mills in wiremaking. However, recycled material reappearing as refined copper is
used to some degree. Generally, wire is fabricated by hot rolling wirebars or by
hot extrusion of billets into rods, which are then cold-dra;n through various
sizes into finished shapes. After the wire has been drawn to finished shape,
it may be either shipped bare or receive one of the following treatments:
enameling; tinning, stranding; and/or insulating with plastic,: rubber, lead,
paper, oerther materials.

Wire mill products éan be classified into three main categories: bare
wire, ‘insulated communication wire and cable, and other insulated wires and cable.
Bare wire is used mostly as windings in many varieties of electrical machinery
such as transformers, generators, communications equipment, anc electronic compo-
nents. Insulated communications wire and cable, as the classification denotes,
include; all commﬁnications cable except that which is used as bare wire in
equipment. Other insulated wires include magnet wire used as windings for small
electrical equipment, power wire and cable, insulatedAcable used for appliance

wire, and cable used for building and transportation.

Castings. As shown in Table 4, foundries are a large consumer of

copper-base materials, including scrap. Foundries rely heavily on scrap and

OS]
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other recycled materials for their raw materials input. 1In 1969, for instance,
about 90 percent of each pound of copper used by the foundry industry originated
from recycled sources. Total copper contained in materials consumed by foundries
has risen from about 313 thousand short tons in 1960 to 375 thousand short tons
in 1965 and to 407 thousand short tons in 1969. Most of this was in the form of
brass and éronze ingot, omne of'the major products of the copper recycling industry.
Sand castings represent the largest type of casting produced from copper-

based alloy materials; other types produced in some quantity are permanent mold
and die castings. These products are used in a wide variety of different applica-
tions, but the following are the most significant:

Valves and fittings, excluding plumbing

Metal plumbing fittings

Plumbing valves

Industrial pumps

Railroad journal bearings

Other bearings

High voltage Switching gear,

Powder. Consumption of copper raw materials in powder manufacture is
not nearly so large as the three largest uses for copper: brassmaking, wiremaking,
and foundry products. As seen from Table 4, secondary copper materials have been
employed widely for powder production. 1In 1969, for instance, secondary mater-
ials accounted for about 75 percent of each pound of copper used in powder.

Other Uses. As shown in Table 4, consumption of copper in other

products, e.g., chemical, steel, aluminum, etc., is minor.

21

Market Outlook

Due to recent shortages and price variances of copper raw materials,
some customers have given serious thought to substituting some ‘*her material for
copper. This has occurred in certain types of power and commu~ications wize and
cable, and in brass mill and foundry applications in plumbing. 1In addition, one
major manufacturer of fractional horsepower tools has switched over to alumizum
magnet wire instead of copper wire for motor windings. In short, the outlcox for
copper is not certain.

Battelle-Columbus estimates that annual growth rates for copper wiil be
lower than the 4 to 4.5 percent per year commonly mentioned in the press litzra-
ture, which is well above historical growth rates. Battelle-Columbus estimztes
that growth of total copper consumption will average about 2 percent annualiy

through 1979.
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THE COPPER RECYCLING. INDUSTRY

The copper recycling industry's major functions include the purchase of
P >4 8 i

scrap from industrial and public sources, upgrading it to a specification scrap

¢
X 1
form or ingot and wmarketing it to a potential user . lmin types of companies

include:

Recycled Smelter Copper

Scrap processor/dealer or broker

Secondary smelter

Ingot maker.

Characteristics of Copper Materials

Blister and/or black copper, both nearly pure copper, are the main

products of a secondary smelter.

Low-grade scrap and residues, i.e., sweepings,

foundry skimmings, armatures, etc., are feed material for conversion into blister

copper. This blister copper may then be refined electrolytically by one of the

large, integrated producers into a high grade copper.

Copper Scrap

Copper scrap includes new or obsolete scrap that is unalloyed.

NASMI includes five different types of copper scrap in its cléssification circular,(z)

Although

the Bureau of Mines lists three distinctly different unalloyed copper scraps in

its statistical data.

They and their nominal compositions are all shown in Table 5.

Also given are the main uses for each of the different types of unalloyed scrap.

Brass mills can use unalloyed scrap for use as copper input in making brass or in

making unalloyed, refined shapes for later fabrication into plumbing tube.

Copper

refineries, however, use unalloyed copper scrap to produce refinery shapes.

(1) For a discussion of the functions of the recycling industry, see Volume 1--

" General Report.

(2) For a complete discussion of these, see Table 6.

e
as~ 7

TABLE 5.
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MAIN TYPES OF UNALLOYED COPPER SCRAP

Type

Nominal Copper

No. 'l wire and heavy
-copper

No. 2 wire and heavy
copper

Light copper

Content, percent
99.9

96

92

Where Used

Direct use in refined
shapes or alloying
agent in brassmaking.

Electrolytically
refined, then fabrica-
ted into refined
shapes or alloying
agent in foundry
products.

Smelted, electroly-
tically refined, then
fabricated into
refined shapes.

Source:

National Association of Secondary Material

Circular NF-66.

Industries,
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TABLE 6. TYPES OF UNALLOYED COPPER SCRAP

NO. 1 COPPER WIRE
Shall consist of clean, untinned, uncoated, unalloyed copper wire and cable,
not smaller than No. 16 B and S wire gauge, free of burnt wire which is brittle.
Hydraulically briquetted copper subject to agreement.

NO. 2 COPPER WIRE

Shall consist of miscellaneous, unalloyed copper wire having a nominal 96 percent

‘copper content (minimum 94 percent) as determined by electrolytic assay. Should

be free of the following: excessively leaded, tinned, soldered copper wire; brass
and bronze wire; excessive oil content, iron, and nommetallics; copper wire from
burning, containing insulation; hair wire; burnt wire which is brittle; and
should be reasonably free of ash. Hydraulically briquetted copper wire subject
to agreement.

NO. 1 HEAVY COPPER

Shall consist of clean unalloyed, uncoated copper clippings, punchings, bus bars,
commutator segments, and wire not less than 1/16 of an inch thick, free of burnt
wire which is brittle; but may include clean copper tubing. Hydraulically
briquetted copper subject to agreement.

NO. 2 COPPER

Shall consist of miscellaneous, unalloyed copper scrap having a nominal 96
percent copper content (minimum 91 percent) as determined by electrolytic assay.
Should be free of the following: excessively leaded, tinned, soldered copper
scrap; brasses and bronzes; excessive oil content, iron and nonmetallics;

copper tubing with other than copper connections or with sediment; copper wire
from burning containing insulation; hair wire; burnt wire which is brittle;

and should be reasonably free of ash. Hydraulically briquetted copper subject
to agreement.

- LIGHT COPPER

Shall consist of miscellaneous, unalloyed copper scrap having a nominal 92
percent copper content (minimum 88 percent) as determined by electrolytic assay
and shall consist of sheet copper, gutters, downspouts, kettles, boilers, and
similar scrap. Should be free of the following: burnt hair wire; copper clad;
plating racks; grindings; copper wire from burning, containing insulation;
radiators; fire extinguishers; refrigerator units; electrotype shells; screening;
excessively leaded, tinned, soldered scrap; brasses and bronzes; excessive oil,
iron and nonmetallics; and should be reasonably free of ash. Hydraulically
briquetted copper subject to agreement. Any items.excluded in this grade are
also excluded in the higher grades above.

Source: National Association of Secondary Material Industries, Circular NF-66.
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Copper-Base Scrap

Copper-base sc;ﬁp includes new or obsolete scrap gen:cated by users of
brass mill products and obsclete copper-base castings.

As this scrap has not been changed in its original composition, most of
it can be reused by icse1§ or blended with other materials to produce products
similar in composition to that of the scrap from which it originated. Due to the
number of copper-base alloys, cast-or wrought, there are a number cf different
scrap classifications. See Table 7 for a complete discussion of NASMI copper-base
classifications. The Bureau of Mines, however, lists nine main categories of

copper-base alloy scrap. These are shown in Table 8.

Skimmings, Spflls, and Drosses

Skimmings, spills; and drosses are relatively low copper containing resi-
dues and scrap generated during melting or casting operations at brass mills or
foundries. Other materials included under this category are grindings, irony
brass, and other copper resulting from various machining operations. As the
copper content of this material is generally too low for consumption in norhai

melting practices, this material is upgraded by smelting, either at a secondary or

primary smelter, to a blister copper prior to subsequent electrolytic refining.

Main scrap classifications for this category are shown in Table 9.

i)
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TABLE 7. TYPES OF COPPER BASE SCRAP

COMPOSITION OR RED BRASS
Shall consist of red brass scrap, valves, machinery bearings, and other machinery
parts, including miscellaneous castings made of copper, tin, zinc, and/or lead.
Should be free of semi-red brass castings (78 percent to 81 percent copper);
railroad car boxes and other similar high-lead alloys; cocks and faucets; gates;
pot pieces; ingots and burned brass; aluminum and manganese bronzes; iron and
nonmetallics. No piece to measure more than 12" over any one part or weigh
over 100 pounds.

RBD BRASS COMPOSITION TURNINGS :
Shall consist of turnings from red brass composition material and should be sold
subject to sample or analysis.

'GENUINE BABBITT-LINED BRASS BUSHINGS
Shall consist of red brass bushings and bearings from automobiles and other
machinery, shall contain not less than 12 parcent high tin base babbitt, and
shall be free of iron-backed bearings.

‘ HIGH GRADE-LOW LEAD BRONZE SOLIDS
It is recommended these materials be sold by analysis.

. ~ BRONZE PAPER MILL WIRE CLOTH
Shall consist of clean genuine Fourdrinier wire cloth and screen having a
minimum copper contenti of 87 percent, minimum tin content of 3 percent, and a
maximum lead content of 1 percent free of stainless steel and Monel metal
stranding.

* HIGH LEAD BRONZE SOLIDS AND- BORINGS
It is recommended that these materials be sold on sample or analysis.

MACHINERY OR HARD BRASS SOLIDS
Shall have a copper content of not less than 75 percent, a tin content of not
less than 6 percent, and a lead content of not less than 6 percent--nor more than
11 percent, and total impurities, exclusive of zinc, antimony, and nickel of not
more than 0.75 percent; the antimony content not.to exceed 0,50 percent. Shall
be free of lined and unlined standard red car boxes.

’ UNLINED STANDARD RED CAR BOXES (CLEAN JOURNALS)
Shall consist of standard unlined and/or sweated railroad boxes and unlined and/or
sweated car journal bearings, free of yellow boxes and iron-backed boxes.

LINED STANDARD RED CAR BOXES (LINED JOURNALS)
Shall consist of standard babbitt-lined railroad boxes and/or babbitt- lined car
journal bearings, free of yellow boxes and iron-backed boxes.

COCKS AND .FAUCETS
Shall consist of mixed clean red and yellow brass, including chrome or nickel-.
plated, free of gas cocks, beer faucets, and aluminum and zinc base die cast
material, and to contain a minimum of 35 percent semi-red.

: MIXED BRASS SCREENS
To consist of clean mixed: copper, brass and bronze screens, and to be free of
excessively dirty and painted material,

YELLOW BRASS SCRAP
Shall consist of brass castings, rolled brass, rod brass, tubing and miscellaneous
yellow brasses, including plated brass. Must be free of manganese-bronze, aluminum-
bronze, unsweated radiators or radiator parts, iron, excesgively dirty and corroded
materials,

YELLOW BRASS CASTINGS
Shall consist of yellow brass castings in crucible shape, no piece to measure
more than 12 inches over any one part; and shall be free of brass forgings, silicon
bronze, aluminum bronze and manganese bronze, and not to contain more than
15 percent nickel plated material.

OLD ROLLED BRASS
Shall consist of old pieces of yellow sheet brass and yellow light tubing brnss,
free from solder, tinned and nickel plated material, iron, paint and corrosion,
rod brass. and condenser tubes,

NEW BRASS CLIPPINGS
Shall consist of the cuttings of new unleaded yellow brass sheet, to be clean and
free from foreign substances and not to contain more than 10 percent of clean brass

punchings under 1/4'"., To be free of Muntz metal and naval brass, . “
+
A
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RRASS SHFIT FAQRS WTTHAITT PRIMFRS
Shall consist of clean fired 70/30 brass shell cases free of primers and any other
foreign material.

BRASS SHELL CASES WITH PRIMERS
Shall consist of clean fired 70/30 brass shell cases containing the brass primers
and which contain no other foreign material.

BRASS SMALL ARMS AND RIFLE SHELLS, CLEAN FIRED
Shall consist of clean fired 70/30 brass shells free of bullets, iron and any other
foreign material.

. BRASS SMALL ARMS AND RIFLE SHELLS, CLEAN MUFFLED (POPPED)
Shall consist of clean muffled (popped) 70/30 brass shells free of bullets, iron
and any other foreign material.

YELLOW BRASS PRIMER
Shall consist of clean yellow brass primers, burnt or unburnt. Free of iron,
excessive dirt, corrosion and any other foreign material.

BRASS PIPE
Shall consist of brass pipe free of plated and soldered materials or pipes with cast
brass connections. To be sound, clean pipes free of sediment and condenser tubes.

YELLOW BRASS ROD TURNINGS
Shall consist of strictly rod turnings, free of aluminum; manganese, composition,
Tobin and Muntz metal turnings; not to contain over 3 percent free irom, oil or other
moisture; to be free of grindings and babbitts; to contain not more than 0.30 percent
of tin and not more than 0.15 percent of alloyed iron.

NEW YELLOW BRASS ROD ENDS
Shall consist of new, clean rod ends from free turning brass rods or forging rods,
not to contain more than 0.30 percent tin and not more than 0.15 percent alloyed
iron. To be free of Muntz metal and naval brass or any other alloys, To be in pieces
not larger than 12" and free of foreign matter..

YELLOW BRASS TURNINGS
shall consist of yellow brass turnings, free of aluminum, manganese and composition
turnings; not to contain over 3 percent of free iron, oil or other moisture; to be
free of grindings and babbitts. To avoid dispute, to be sold subject to sample or
analysis.

MIXED UNSWEATED AUTO RADIATORS
Shall consist of mixed automobile radiators, to be free of aluminum radiators,.
and iron finned radiators. All radistors to be subject to deduction of actual ironm.
The tonnage specification should cover the gross weight of the radiators, unless
otherwise specified.

ADMIRALTY BRASS CONDENSER TUBES
Shall consist of clean sound Admiralty condenser tubing which may be plaCed or un-
plated, free of nickel alloy, aluminum alloy, and corroded material.

ALUMINUM BRASS CONDENSER TUBES
Shall consist of clean sound condenser tubing which may be plated or unplated, free of
nickel alloy, and corroded material, '

MUNTZ METAL TUBES
Shall consist of clean sound Muntz metal tubing which may be plated or unplated,
free of nickel alloy, aluminum alloy, and corroded material.

PLATED ROLLED BRASS
shall consist of plated brass sheet, pipe, tubing, and reflectors, free of soldered
tinned, corroded, and aluminum painted material, Muntz metal and Admiralty tubing,
and material with cast brass connections.

MANGANESE BRONZE SOLIDS
Shall have a copper content of not less than 55 percent, a lead content of not more
than 1 percent, and shall be free of Aluminum bronze and Silicon bronze.

MACHINERY OR HARD BRASS BORINGS
Shall have a copper content of not less than 75 percent, a tin content of not lesa
than 6 perceat, and 2 lcad content of not less than € percent--nor more thanm
11 percent, and total impurities, exclusive of zinc, antimony, and nickel of not
more than 0.75 percent; the antimony content not to exceed 0.50 percent. Shall be

free of iined and uniined standard red car boxes,

Source: National Assocfation of Secondary Material Industries_ Circular NF-66.
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TABLE 8. MAIN TYPES OF COPPER-BASE ALLOY SCRAP

Typ

Approximate Copper Content

Composition or Red Brass
Railroad Car Boxes

Yellow Brass

Cartridge Cases and Brass
Auto Radiators (unsweated)
Bronze

Nickel Silver

Low Brass

Aluminum Bronze

80
72

35

78

to 85
to 75
65

70

70

to 60
65

80 ..
to 90

TABLE 9. MAIN LOW GRADE SCRAP AND RESIDUES USED
AS FEEDS FOR RECYCLED SMELTERS

REFINERY BRASS

Shall contain a minimum of 61.3 percent copper and
maximum 5 percent iron and to consist of brass and
bronze solids and turnings, and alloyed and contam-
inated copper scrap. Shall be free of insulated
wire, grindings, electrotype shells and nonmetallics.
Hydraulically briquetted material subject to agree-
ment.

COPPER-BEARING_SCRAP

Shall consist of miscellaneous copper-containing
skimmings, grindings, ashes, irony brass and copper,
residues and slags. Free of insulated wires; copper
chlorides; unprepared tangled material; large motors;
pyrophoric material; asbestos brake linings; furnace
bottoms, high lead materials; graphite crucibles; and
noxious and explosive materials. Fine powdered ma-
terial by agreement. Hydraulically briquetted

‘material subject to agreement.

Source: National Association of Secondary Material
Industries, Circular NF-66.

Y
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Cheracteristics of the Copper Recycling Industry

31

Scrap dealers colléct, sort, anci- otherwise procesz-s -:heA va-rious g;.'ades
(;f copper and copper-base"'scrap-for potential use by smelters, ingot makers, .or
brass mills. Most of the major dealers handle both copper and copper-base alloy
scrap but in addition also handle other materials, especially aluminum.
When processing copper scrap, usually insulated copper wire, dealers
TABLE 10. CONSUMPTION OF COPPER AND COPPER BASED SCRAP

use either incineration or mechanical methods to separate copper from insulation. BY TYPE AND SOURCE, 1969

(short tons of scrap)
Due to air pollution laws, the latter technique, which chops or fragments the

Prompt
cable prior to gravity separation of insulation from copper, is increasingly used Type of Scrap Industrial Obsolete Total
by the industry. No. 1 wire and heavy copper 192,158 146,137 338,295
Wwhile brass mills commonly repurchase scrap from their large customers, No. 2 wire, mixed heavy and
light copper . 195,534 157,910 353,444
thereby bypassing the secondary industry, dealers do perform an important
Composition or red brass 24,400 74,950 99,350
function by processing the remaining portion. Segregation methods are mechanical,
Railroad=-car boxes - 26,736 26,736
i.e., recognition of metals by filing, drilling, etc. .
Yellow brass 335,816 65,829 401,645
Consumers of copper and copper alloy scrap and residues are ingot makers :
Cartridge brass 110,444 21,655 132,099
(remelters), secondary smelters and refiners, brass mills, apd foundries who convert
Auto radiators (unsweated) - 69,250 69,250
scrap into useful products. Ingot makers purchase and melt down a wide variety of
Bronze 12,254 28,821 41,075
different types of scrap and make a specification ingot that is used by foundries as
Nickel silver 16,324 5,436 21,760
one of their prime raw materials. Secondary smelters take low copper containing resi- :
Low brass 53,323 1,243 - 54,566
dues and scraps and upgrade these to blister copper or prior to subsequent electro-
Aluminum brass 783 387 1,170
lytic refining.
Low grade scrap and residues 124,123 224,649 348,772
Materials Sources v Mixed alloy scrap 3,143 - 3,143
The main sources for copper or copper-base scrap are manufacturers of Total 1,068,302 823,003 1,891,305

fabricated goods--as prompt industrial scrap--and end-users of various fabricated Source: U.S. Department of Interior, Bureau of Mimes, Minerals Yearbook,

"Copper” chapter.

goods and products as obsolete scrap. Table 10 gives copper -scmp consumption by
type of scrap and source. As shown, the following four types of scrap represent
about 75 percent of total consumption: No. 1l wire and heavy copper, No. 2 wire,
mixed heavy and light copper, yellow brass, and low grade scrap and residues.
.Furthermore, obsolete scrap represents a significant éroportion (about 43 percent)

of total copper scrap consumption. 235 .



Markets for Recycled Copper

Since most applications for copper can be satisfied equally well f;om
either ore or recycled sources, scrap and other forms of secondary copper compete
with ore as copper inputs to brass and other copper products. The question of
which material is specified in a given product is generally one of pgice, the

price for a given copper unit regardless of origin.

"Historical Markets--

Secondary copper in its broadest sense, i.e., all products made from
scrap or similar origin, has historically represented a significant proportion

of total copper used. Table 11 shows the extent of the role of qécondaty_in total

‘copper consumption. Secondary has consistently supplied between 41 and 46 percent

of total copper consumption in the last two decades. 1In recent years, secondary
copper has amounted to about 46 percent of total copper consumption.

Figure 3 describes the historical markets for copper and copper-base
scrap. As shown, brass mills, ingot makeré, and secondary copper producers, i.e.,
primary mills and secondary smelters, consume the bulk of the total scrap
purchased each year. Foundries, chemical plants, and other manufacturers
consume lesser amounts of scrap. Furthermore, Figure 3 shows that brass mill
and refinery consumption of scrap has increased greatly over the past decade
relative to other counsumers.

Consumption of major types of copper bearing scrap by major consumers
is shown in Table 12. Brass mills, foundries, and ingot makers consume mosily
brass and other copper-base alloy scrap, products that they can melt with little
difficulty. Primary producers, on the other hand, purchase unalloyed copper
scrap to produce new refined shapes under controlled conditions, and along with
secondary smelters, they purchase low-grade scrap and residues to upgrade into

refined products.

137

33

TABLE 11. SECONDARY COPPER CONSUMPTION

(thousand shortlfons of copper content)

Percent of

Minerals Yearbook,

"Copper" chapter.

As Refined As Scraé Total Copper

Year - Metal or Ingot Total Consumption
1950 206.5 790.0 996.5 44
1955 236.4 786.4 1,022.8 44
1960 291.7 601.1 892.8 45
1961 281.7 583.2 864.9 42
1962 289.7 657.6 947.3 41
1963 302.1 710.9 1,013.0 41
1964 351.1 784.7 1,135.8 43
1965 445.0 855.1 1,300.1 45
1966 491.3 910.5 1,401.8 42
1967 406.6 805.5 1,212.1 44
1968 416.6 853.5 1,270.1 46
1969 491.0 948.8 V 1,439.8 46

Source: U.S. Department of Interior, Bureau éf Miﬁes,
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TABLE 12,

(thousand short tons of copper content)

CONSUMPTION OF PURCHASED COPPER SCRAP BY USERS IN THE UNITED STATES IN 1969

N
Type of Scrap

Ingot Makers and
Secondary Smelters

Primary Products

Foundries
and Other

Quantity Total

Percent
of
Quantity Total

Percent
of
Quantity Total

Percent
of
Quantity Total

No. 1 wire and
heavy copper

‘No. 2 wire, mixed
heavy and light
copper

Copper=-base

Low=-grade scrap

and residues

Total

47.0 9.7
92.6 19.2
280.1 58.1
62.2 13.0

30.3 32.4
13.0 13.8
45.4 48.6
4.9 5.2

481.9 100.0

125.1 20,1
214.2 34.5

3.0 0.5
278.7 44.9
621.0 100.0

93.5 100.0

Source: U.S. Department of the Interior, Bureau of Mines, Minerals Yearbook, ''Copper" chapter.

s e« o+« Secondary Smelters

Brass Milis
==« ——-— |Ingot Maokers

~—— ———— Foundries
-=+ceee- o oo Other Industries

= —-— —~ Primary Refineries

~ —— )

1
1968

1 1 1 o\ 1 1
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HISTORICAL MARKETS FOR COPPER AND COPPER-BASE SCRAP

FIGURE 3.

U.S. Department of the Interior, Bureau of Mines, Minerals Yearbook,
"Copper" chapter.
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P}iceé‘

As world and domestic supplies of copper have been short in recent
years, prices have risen and fluctuated greatly since 1960, a year of relative
balance between supply and demand. Figure A'shows pr%ces:for U.S. producers'
copper and dealers' No. 2 coﬁpe; scrap (buyiﬁg prices).. Note that during the
copper shortage both prices moved upward, but the scrap price was qctuall§ higher

than that for ‘electrolytic copper.
End-Use Patterns

The major end-user markets for secondary copper, either as scrap or as
refined copper, are shown in Table 13. Since copper refined from secondary

smelting operations is generally made to ASTM specifications, the end-uses for

refined secondary are essentially the same as for the total refined copper output,

Consequently, wire mills dre the largest consumers of secondar; ref}ne& copper; -
brass mills are next. Also, since wire mills generally don't consume scrap
except that generated internally, i.e., home scrap, brass mills and foundries
consume most of the outside, purchased scrap. In total, then, brass mills are
the largest consumer of secondary materials with about 49 percent of the total;

foundries and wire mills trail with 26 and 20 percent of ‘the total respectively.

Recycling Industry Data

A survey of the recycling industry developed-data to provide a profile.

of the industry and the compénies comprising the industry. The General Report,
Volume I, gives many of these data. Information concerning the copper and copper

alloy portion of the industry are giQen on page 39,

111
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TABLE 13. MARKETS FOR SECONDARY COPPER, 1969
Type of Secondary Product,
(short tous)
(1) Scrap or Perceant of Total
End User Refined Ingot Total Secondary Copper
Wire and Cable 292.0 -- 292.0 20
Brass Mill Products 179.8 520.9 7060.7 49
Castings 11.5 357.7 369.2 26
Powders 1.7 21.0 22.7 1
Chemical Products 1.0 3.0 4.0 ¥il
Other Industries (% 6.0 46.2 52.2 4

(1) Battelle estimates.

(2) Steel, .aluminum, and other industries.

Source:

U.S. Department of Interior, U.S. Bureau of Mines, Minzrz.s Yearbook,

"Copper" chapter; Copper Development Association, Anrusl Data

1970 Report.

39

The average recycler of copper compares with the average recycler of

R ] «
all commodities as follows:

Average Average Average
Investment in Number of Investment
Plant and Equipment Employees Per Employee
Copper $1,863,000 98 $19,000
All Commodities $1,480,000 71 $20,800

Figure 5 shows the variation in size by census region of copper and
copper alloy processors and copper smelters. There is some correlation with popu-~

lation density, degree of industrialization, or other common regional indicators.

Materials Flow Diagram for Copper Recycling

Table 14 shows estimated percentages of copper recycled for several of
the major identifiable articles. Recycling of obsolete electric wire and plumbing
tube, automobile radiators, railroad car boxes, and low-grade scrap and residues
(prompt industrial only) are all relatively hlgh; however, cartridge and other
brass are relatively low. Sources and method: for estimation, Table 14, are shown
on page 41.

Figure 6 is a schematic diagram of the recycling estimates made in

Table l4.

Demand /Supply Analysis

An analysis of the expected demand for copper inputs and their sources

is necessary to identify opportunities for increased markets for recycled copper.

Demand for'Recycled Copper

The demand for copper inputs in 1969 and the estimates for future years,
1974 and 1979, are shown in Table 15. As shown, the demand for copper is expected

to increase at about 2 percent per year in the 1969-1979 period.

ad

9

* Extensive survey data. g’
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EP T RO L L

E Processors

Smelters
"~ Note: Volume in net tons

I. New Englong 4. East North Central 7. West South Cemrul
2. Middle Atlantic S. Eost South Central 8. Mountain
3. South Atlantic 6. West North Central 9. Pacific (includes Aloska

and Hawaii)

" FIGURE 5. VOLUME OF COPPER HANDLED BY TYPE OF RECYCLE,
BY REGION

TAKIK 14,

41

ESTIMATED COPPER SCRAP RECYCLING, 1969

Copper Content
Avsilable “5

Copper” Congg!

‘Copper Couten

Zind and of Recycling$ . Reeycled Percent Not Recycle
Scrap (thousand tons) (thousand toas) Recycled * (thousand to-
lectric Wire and er Tube
Procpt Industrial 379.7 . 379.7(12) 100 --
Obsolete 471.2 319.4 68 151.8
N ] mn.? 850.9 699 82 38
Magmet Wire ) “)
- Prompt I strial - - - -
m,.om.??'f 133 iy 1845
158.0 13.5 9 144.5
Cartridge Brass .
. Proupt . gstrial 92.8 92.8 -~ 100 -
Obsolete(®) - 12.1 35.4 a 6.7
TOTAL 204.9 128.2 63 76.7
Automotive Radhton
.~ -Prompt lndustrhlv) -- - -- --
Obsolete 53.0 48.5 N 4.5
TOTAL 53.0 .5 91 4.5
Railroad Car Boxes
Prompt Industrial(®) - - .- -
Obsclete 2.6 20.0 _88 2.6
. 22.6 20.0 88 2.6
Other Brass, Cast and
Proupt Industrial 310.0 310.0 ~100 -
Obsolete 213.9Q11) 30 489.4
TOTAL 1,013.3 523.9 52 489.4
Low Grade Scrap and Residues
Prompt Industrial 37.2 37.2 ~100 -
Obsolete(?) —_— - = -
37.2 37.2 ~ 100 --
Other_scrag (10) i
Prompt Industrial 12.8 12.8 ~ 100 --
Obsolete 6.1 6.1 . Rl ==
18.9 18.9 100 --
Copper_Alloying Addl:ive:(u) 96.9 - 00 96.9
TOTAL OBSOLETE 1,623.2 656.8 40 966.4
GRAND TOTAL 2.455.7 1,489.3 61 966.4

Notes: .See following page.

b
-m‘-
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Notes for Table 14.

¢V

(2)

3

All scraps are separated into prompt industrial and obsolete scraps except
automobile radiators and railroad car boxes, both obsolete scrap types.
Obsolete low-grade scrap and residues, e.g., motor armatures and other contam-
inated copper scraps, were reclassified under other scraps so as to obtain

as realistic a figure as possible for the amount of copper recycled. ,

Calculated from estimated life cycles of various end-use products. Consumption
for each end-use item was estimated using the following life cycles and
consumption patterns:

Life Cycle, Years of Copper Consumption
Source (years) Used to Calculate Copper
Availability
Electric Wire and Copper Tube 45.0 1923-1931 average
Magnet Wire 10.0 1957~-1958 average
Cartridge Brass 0.5 1968-1969 average
Automobile Radiators 12.0 1957-1958 average
Railroad Car Boxes 3.5 Battelle estimate of 1966
Brass, N.E.C. 30.0 1939-1942 average of brass
mill shipments
(50 percent scrap) plus
1941 - cast brass
products
Low-Grade Scrap and Residues 0.5 | 1968
Copper Alloying Additives 14.0 1955

a, Sources for Prompt Industrial Scrap estimates: :
U.S. Department of Interlor, Bureau of Mines, Minerals Yearbook,
"Copper" chapter; Department of the Army; Battelle estimates.

b. Obsolete scrap was estimated in the following way:
1. Obsolete scrap. for each end-use item, returning in the same
form of scrap as the product was sold originally, was added
a proportion of the obsolete low-grade scrap and residues
using the following make-up of low-grade scrap and residues.

Type of Scrap - Proportions of Total
Ashes (incinerator) y . 12.5
Sweepings (warehouse) 12.5
Breakage (irony brass) . 25.0
Armatures (generators, etc.) 20.0
Armored (fine insulated wire) 10.0
Large Contaminated Brass 5.0
Refinery Brass 15.0

100.0

(4) Prompt industrial scrap genmerated during manufacture included under Electric

Wire and Cable.

(5) Obsolete scrap returned to smelters as armatures in (3) above.

147
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Notes for Table 13 (Continued)-

®)
)

(8)

%

(10)
11
(12)
(13)

Source: Department of the Army.

Prompt industrial scrap for radiators included under Other Brass, Cast
or Wrought.

LiFtle prompt industrial scrap, other than drosses or residues, generated in
manufacture of railroad car boxes; drosses and residues included separately
under own type.

Obsdlete low-grade scrap proportioned using figures under (3) above.

For simplicity, recycling assumed under this category to be 100 percent.
Includes copper-base scrap exports.

Includes unalloyed copper scrap exports.

Includes copper used as copper or other additive to steel, aluminum, etc.

[ 15N
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TABLE 15. DEMAND FOR COPPER

s Thousand Short Tons Recycled,
of - Copper Content. . - Percent of
Year ._Recycled Primary Total °___Total Consumption
1969 . 1,439.8 1;685.3 - - 3,125.1 © 46
- 1974 1,621.7 - - 1,828.7 3,450.6° A
1979 1,828.6 - 1,980.9

3,809.5 B 48

"Source: Battelie 'e;ti‘.l.lia";:es.m

Supply of Recycled Copper’’

Future a.vailability_ of recycled copper, based on present recovery rates

is shown in Table 16 (calculated by same method used to calculate 1969 availability);

(see Table 14).

TABLE 16. SUPPLY OF RECYCLED COPPER

(thousand short tons, copper content)

Recycled Copper

Content

Year

1969

1974 .

1979

1,439.8
1,798.0

1,781.9 -

‘Source:

_‘Battelle estimates.

Demand/Supply Balance in Future

In order to provide a view of what the future will be for the copper

‘recycling industry, a demand /supply balance has been constructed using data from

159

* ~Tables 15 and 16 shown above. See Table 17.
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TABLE 17. DEMAND/SUPPLY RALANCE FOR RECYCLED COPPER
FOR 1974 AND 1979

(Thousand short tons, copper content)

Year Demand Supply Apparent Balance
1974 1,621.7 1,798.0 176.3 (surplus)
1979 1,828.6 - 1,781.9 46,7 (deficit)

Source: Battelle estimates.

Since Table 17 assumes that the same incentives, i.e., price, cost, etc.,
are the same in 1974 and in 1979 as exist today, an apparent balance can be calcu-
lated based on (1) current recovery practices, (2) scrap availability forecasts,
and (3) market forecasts. A moderate surplus and a moderate deficit of re;ycled
copper is indicated for 1974 and 1979 respectively.

The major reason for the apparent future surplus and deficit for recy-
cleq copper are: (1) surplus of good obsolete scrap from products made during the
period 1925 to 1930, (2) shortage of good obsolete scrap from products made during
the period i931 to 1939, and (3) slow growth of many copper markets (copper wire
and cable, brass mill products, and foundry products). However, these balances do

not show what will happen. 1In 1974, for instance, it is expected that recycled

copper demand will increase relative to the supply at the expense of lower demand for

primary copper. However, the indicated surplus for 1974 may cause downward price

pressures and may discourage copper recycling.

1

46a

Effect on Copper Industry

If different incentives, i.e., price, cost, etc., are different in

1974 as exist today, apparent balances calculated in Table 17 no longer apply.

It is expected that an additional 329,000 tons of copper in copper and brass
products can be recycled annually under ideal conditions(ll. This additional
amount represents about a 18 percent increase in the recycled copper supply in
1974. However, it represents only about 9 percent of total copper supply in
1974, or only about a 1.75 percent per year growth in total copper supply from
1969 to 1974. Since total supply fluctuates often by as much as 10 to 15 percent
per year, the copper industry should have little trouble in absorbing this new

supply.

(1) The 329,000 tons of copper was calculated.based on the following changes in

percent recycled.

Additional
Recycled
1969, Goal, Copper Content
percent percent (thousand tons)
Copper Wire and Tube 82 91 77
Magnet Wire 9 20 17
Cartridge Brass 63 90 55
Other Brass 52 70 180
TOTAL 329
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PROBLEMS THAT DIRECTLY REDUGE. THE RECYCLING OF COPPER...”

There are several problems thgt directly reduce the rate 6f reéyqling of.
copper., These will be discussed in detail in thé‘followingﬁbéragraphs.

Industrial Scrap
B 3 B
As shown in Table 14 all industrial scrép generatéd, includiﬂg\aéh;s;'l
sweepings, and other low-grade residues; are about 100: percent rec;eieﬂ:v éomey
copper is lost during melt-down in brassmaking and in foundrie§Aaﬁa.durihg.;helting
opérations,‘but these losses are so small in proportion to the ;otai'copper cpn-f
taining industrial scrap recycleq, i.el, a fraction of oﬁe percent, that they'ate

not worth further study.

Obsolete Scragi

As sgowh in TAble 14 rec&cling of copper in different categories varies
from 91 andA88 pércent reépééfively for automotive radistors and: railroad cér -
The main problems that directly reduce the rate of recycling, involve the following
scrap materials:

' Copper wire and tube
Cdpper magnet wire
Cartridge brass
Other brass.
Table 18 presents these problems along with a discussion of the problem

definition, problem magnitude, and problem analysis.
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NOT RECYCLED IN 1969

IDENTIFICATION AND ANALYSIS OF PROBLEMS CONCERNING COPPER THAT WAS

Scrap Categories Where Some Copper Was Not Recycled
Title Copper Wire and Tube Magnet Hire Cartridge Brass
L. Copper wire is used for 1. Magnet wire is used for 1. Cartridge brass is used
the following: windings in motors and for- small arms and am-
a) insulated communication generators, munition artillery shells,
wire and cable
b) power wire and cable 2. Motors range in size from 2. Small arms and artillery
c) coated magnet wire for common fractional horse- rounds are fired mostly
transformer and motor power motors for house- either at domestic mili-
windings hold appliances to common tary bases or in battle-
d) other types of insula- generators and larger frac- fields.
ted wire and cable for tional horsepower motors
building, automobile, for automobiles, small 3. Small arms and artillery
airframe, and shipboard pumps, and machines, to shells can be 100 per-
applications less common large horse- cent recycled from
e) insulated appliance wire power motors. military tratning bases,
and flexible cord sets
f) wire for large 3. In short, the most common 4, However, small arms shells
PROBLEM transformer and motors contain small amounts are often scattered in small
DEFINITION motor windings, of copper .uuividually but quantities over many
large amounts f{n aggregate. square miles of land, but
2. Of the above, magnet wire The larger common motorse shells are easily recog-
is not included (it 1is under contain large amounts of nized and are valuadle,
magnet wire problem). copper but these don't
consume much in aggregate. S. Artillery shells are often
3. Copper tube is used for scattered in larger
the following typical 4, In addition, copper windings quantities--over many
end-products: are generally surrounded by square miles of land--
a) plumbing tube iron making aimple recovery but these are easily
b) air conditioning and difficulr., recognized as being *
refrigeration valuable, ’
c) heavy industrial
equipment.
4. At the end of their use-
ful lives, communication
cable, power cable, bare
wire from large trans-
formers and generators,
and plumbing tube from
larger buildings ‘are col-
lected, processed, and
recycled.
THOUSAND SHORT
TONS OF COPPER 151.8 144.5 76.7
NOT RECYCLED
PERCENT OF -
AVAILABLE
COPPER NOT 18 91 37
RECYCLED
1. After a usable service 1. After an average useful 1. Cartridge brass scrap
) 11fe of up to 50 years, service 1ife of 6 years sells for about 30 centa
copper cable {s about 100 for magnet wire in a per pound in the United
percent recycled as scrap consumer appliance to 10 States,
by utilities and phone com- or more years for larger
panies after being replaced. fractional horsepower 2. TItems, like glass bottles,
motor applications in- etc., with lower value
2. Plumbing tube, which is tended for industrial or are being recycled in the
generally in place for the farm use, the motor 1is E:T:ed States.
entire life of the building, scrapped.
can have a 1ife up to 60
PROBLEM to 65 years. When build- 2., If economically recyclable, 3. Logic would indicate that
ANALYSIS ing i{s torn down, copper material reCurned,.on aver- most cartridge brass, at
{s segregated and recycled. age should equal magnet market conditions, should
wire use about B to 10 be recycled,
3. Nesrly all of the above 1is years ago.
economically recyclable ex-
cept those applications tn 3. However, recycling rate is
vhich the copper ftem 15 a just 9 percent, 4. Yet onlv 63 percent of
small fraction in a widely cartridge brass ig
dispersed consumer product, 4, This area appears to be a recycled.
e.g., (a) air conditioning promising one in which to
and refrigeration tube and increase recycling of
(b) appliance wire. copper. 5. This appears to be a prom=
ising area in which to
4. Thus perhaps 5 to 10 per- increase the recycling of
cent should not be copper.
recycled,
5. Yet 18 percent is not
recycled.
6. This areca appears to be a

promising one in which to
increase recycling of
copper.

”

"
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TANLE 18, lpb-‘.H’l'IFH‘,Al'l'lON AND ANAJYSTS OF PROBLEMS CORCERNING COPPER TIUAT WAS
NoT jecyenrn 18 190y \Continued
Scrap Categorics Whare Sumo Copper Was Not Recycled
Ticle Othex Brass Copper Used Ki_ﬂythWe
1. a) This category includes 1, This category includes all copper
all brass mill products powders, many of which are used to
except those considered strengthen iron-based P/M parts.
in other categories:
o cartridge brass . 2. This category includes all copper
" o copper (unalloyed) uged by the steel, chemical,
wire, tube, and strip. plhmlnum, and other industries
b) This category includes as an alloying additive.
all brass/bronze foundry .
products. . 3. In the above applications copper
¢) Two brass mill products i{s & minor part of a much larger
which have been included system. For example, copper *
in this cqtegory; strip contents for low-alloy steels '
! for automobile radiators range from 0.20 to 3.00 percent.
! and railroad car boxes, Steels and other copper-containing
are analyzed separately alloys are unecongmical to eegregate
PROBLEM in Table 13 in the text, and use over for ‘copper content,
DEFINITION Each product {s about Consequently, the copper content
90 percent recycled. {8 sufficiently diluted to be
determined aa lost, ’
2. Brass mill products included
- are used in a myraid of
different applications,
0.g., plumbing and. heating,
hardware, fasteners and
cloauren, watches, screw
machine products, etc,
3. Braas/bronze cast products

are used in pumps snd
valves, ship propellors,
plumbing fittings, etc.

THOUSAND SHORT

TONS OF COPPER 496.5 96.9
NOT RECYCLED
PERCENT OF .
AVAILABLE
COPPER NQT 45.6 100.0
RECYCLED
R
{. Due to the lack of stattis- 1. Copper, as an alloying element
tical information, it ia in eithar aluminum or ateal i¢
not known what types of usually preeent in quantities
ﬁ}oduct- ove boing recycled undar 1 percent.
axcopt atrip for automobilo
radiators and railroad car 2. In many cason, caopper containing
hoxes. Stnce the iatter alloya are produced in relatively
are tabulated separately, small tonnages.
recycling rates for these
can be calculated. As 3. It is practically impossible to do
shown in Table 13 in the efther of the following:
PROBLEN text, automobile radiators a) separate copper from alloy-
ANALYSIS and railroad car boxes are b) segregate low copper alloys
each about 30 percent from similar alloys containing
recycled. ne copper for the purposes
of reusing copper content.
The brass mill and brass Result: . copper is usvally.
foundry industries sell diluted, :
products to a number of -
different market segments. 4, This is not a promising area in
Some of these are: which to increase the recycling
a) alloy copper tube of copper.
b) brass/bronge valves
c) coinage
4) brass/bronze plumbing
fictings
e) tube for heat exchangers,
Due to the lack of data
concerning the above and
other large markets for
brass mi{ll or brass foundry
- products, it isn't known
to what exetend these pro-
ducts are being recycled.
3. Thie appears to be a prom-
fsing area in which to I I ol
{ncrease recycling. @ '
.‘—...—-—-_"-_
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Other Direct Problems

Other problews that directly reduce the amount of recycling, but which
cannot be measured quantitatively, are fhose problems caused *v legislative
action. They are as follows:

(1) Sale of emergency copper stockpile
(2) Restrictions on the exportation of certain types of scrap
(3) Subsidies allowed to primary industries, but not to recycling

industries, in the form of ore depletion allowances.

All of the above actions will decrease, everything else being equal, the
price for copper scrap. Since lowered prices might decrease collection and segre-

gation of copper scraps in those areas where it had been economic to do so, a

lowered recovery rate will probably result.
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PROBLEMS THAT DO NOT DIRECTLY REDUCE RECYCLING OF COPPER

These are problems that might have economic effects on an individual
company or on the industry, or make operations.more diffiéult. The economic
effects, however, are not serious enough to have effect onlreéycling, but in
some cases, e.g., air polI;tion éohtrol (see Table 19, page 51), where industryi
structure is changed someWhat.to achieve economies of.scale, procéssing and
smelting costs are increaSed'somthat by added investﬁent costs.‘Those-problems

for copper are:

‘e Wire insulation remoyal
e Declining markets

e Air pollution control
~ o Public prejudices.

Table 19 presents these p?oblems along with a discussion of problem
definition, problem magnitude, and problem analysis.

The solid wastes generated by the copper recyciing industry and fheir
disposal do not appear to'bé'a problem. Wire and cable insulation, which ha§ been
removed during processing activities, appears in a relatively dense form and is
simply and inexpensively removed from the processor's yard to the landfill by
truck. Smelter slags also appear in a dense form and are easily remdved‘to the
disposal site by truck. These are the only important solid wastes generated by

the copper recycling industry.



Sk

TABLE 19. IDENTIFICATION AND ANALYSIS OF PROBLEMS WHICH DO NOT DIRECTLY
* REDUCE THE AMOUNT OF COPPER THAT 1S RECYCLED (1)

Wire Insulation peclining Secondary

Title Removal Copper Markets
_— 1. Most cable and wire 1. Brass/bronze foundries have
has been insulated lost the new rallroad car
or covered with either journal bearing market to
lead, polyethylene, PVC, roller bearings, and the
rubber, asbestos or repair railroad journal
paper and cloth, segment is expected to
decline to zero within 10
2, To be recyclable, the to 15 years. Other brass/
insulation must be bronze application markets,
removed, e.g., plumbing fittings, are
‘also expected to see reduc-
_ 3. However, due to strin- tion in ghare of market due
4 gency of air pollution to competition from plastic
PROBLEM regulations, processors materials.
DEFINITION must use either incin-
eration equipment with 2. Increasing competition from
suitable pollution abate~ alum‘aum in such areas as
ment equipment, or mech- service drop cable, bus bars,
anical methods such as and power cable--where less
cable strirping or frag- serious design constraints
wmentizing. exist 18 expected. However,
in some magnet wire applica-
4. There is a trend toward tions, e.g., consumer ap-
fragmentizing most ord- pliances--where design 1is
inary insulated wires more constraining--might be-
and separating copper come a future problem,
from {nsulation with air
blowers or other suit- 3. Use of some brass mill pro-
able techniques. However, ducts, especially those used
the process is difficult yin construction, e.g., plumb-
with armored or greased ing tube, copper/brass trim,
cables. etc., will decline relative

to plastics, aluminum, etc.

No significant effect on re- No significant effect on rate(z)of

EFFECT ON cycling. Some economic recycling. Some effect on
RECYCLING effect because of increased amount of recycling for parti-
RATE investment for equipment. cular applications on a long-

: term basis,

1. The stringency of air 1. It is unlikely that contin-
pollution laws {s forcing ued decline of those mar-
processors into higher kets where some other

© cost equipment. product has been found
superior can be slowed or

2. This is creating need for averted. .

" larger processing opera-
tions to justify higher 2. New products and alloys

should .be developed to utilize

properties possessed by copper as
compared with its substitutes.

PROBLEM cost equipment.

ANALYSIS
) 3. Development of cheaper
and more versatile equip-

ment methods would be of
great help.

(1) Problems adversely affect economics or practice of recycling but the effect
_in terms of amount cannot be measured. This situation is considered an
indirect effect.
Material recycled
Total available to be recycled A T

(2) Rate of recycling =



TABLE 19, IDENTIFICATION AND ANALYSIS OF PROBLEMS WHICH DO NOT DIRECTLY REDUCE THE
_ AMOUNT OF COPPER THAT IS RECYCLED(1)  (Continued)

Title Air Pollutfion Control _ Customer Prejudice
-~ ""1, During melting of brass -at 1. ~Two charges often made against the re-
a foundry, ingot -maker, -or cycling industry are: (a) Recycling
secondary.smelter, ‘small "materials industry 1is often the most
quantities of zinc and -‘other important reason for fluctuations in
materials are oxidized -and ‘price of refined copper. (b) Users of
expelled from the'melt as refined copper wire bar not made entirely
_ flue dust, from ore sources sometimes claim that
~ .such matertal 4s inferior to that made
2, Nothing -can be done to solve entirely fromore sources,
particulate pollution by
telters except by purchasing
.. pollution .abatement .equip-
. ment.
- PROBLEM :

DEFINITION 3, Efforts to combat this prob-
. *  lem in many .cases may en-
tail higher costs.

’ "No significant effect on the .No significant effect on the amount of
-BFFECT ON amount of copper recycled. copper - tecycled Little or no economic
RECYCLING Some economic effect on . -effect. :
RATE ;smaller foundries because

of {ncreased investment cost.

1. This will probably result 1. :Consumers -and large producers of copper
in .fewer, but larger found- find a small secondary copper source
- ries and ingot makers. .a convenient target when copper prices
' oo : - are rising. Swings in refined or other
2. Development of .cheaper and copper prices are not primarily due to the
better pollution control recycling industry, but .due to a combin-/
equipment ‘'would be of great . ~ation of causes, ‘Some of these are:
. help. ) sharp increases/decreases in demand by
PROBLM copper users, sharp decreases/increases
- ANALYS IS in supply by all copper suppliers including

changes 1in governmental stockpile Tevels.

2. .Consumers find a small secondary copper
sdurce a .convenient target when they have
processing difficulties. Refined copper
wire bar made’'to specification from some
scrap sources is equivalent to that made

- completely from ore in price and maxi-
mum {mpurity .levels. Yet, many consumers
of copper will purchase refined copper

'made only from ore. sources.

3. - Making secondary copper products equiva-
‘lent to primary copper products in
réputation, in* addition to specification,
‘would ‘be of great help. .
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COURSES OF ACTION CONCERNING RECYCLING OF COPPER

In this section, the problems delineated in the above analysis are
evaluated to determine priorities, and recommended courses of action are made to
help solve or reduce these problems - with the emphasis on increasing recycling

of copper in order to reduce solid waste problems.

Selection of Opportunities

In order to identify those problems that have the highest priority for
attention, evaluations based on several criteria were made on the problems

identified.* See Table 20. The highest total scores, then, indicate the problems
of highest importance. As shown, the following problem subjects are the most

significant: copper wire and tube, magnet wire, and other brass.

TABLE 20. EVALUATION OF PROBLEMS INVOLVED IN RECYCLING OF COPPER

dt

Criteria and Scores
Solution of

Solution of Problem Will
Problem Will Conserve Natural Ease of Total
Improve Environment Resources _ Solution Scores
(10) ) )
Copper Wire and Tube 10 5 2 17
Magnet Wire 10 5 2 17
Cartridge Brass : 2 5 5 12
Other Brass, nec. . 10 5 2 17
lLegislative Problems 3 4 5 12
Wire Insulation Removal 3 1 5 9
Declining Markets 0 0 5 5
Air Pollution Control 7 0 5 12
Public Prejudices 0 0 5 5

Notes: (1) First criteria is considered most important and is assigned max score
of 10.
(2) Other two criteria are considered less important and are assigned max
scores of 5 each.
(3) The higher the total score, the more attractive the problem is for
further action.

% One problem, copper additives, was not evaluated for the following reason:
collection of copper used in small quantities in steel, aluminum, chemicals, and
other products for recycling beyond an unforeseen development seems impossible.

o
S N
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Recommended Actions

In the aboye, all problems were separated into the following cétegories:
(1) High:priority.ﬁor action |
(2) Low priority for>actioh..
- (3) Not worthy of ﬁhftﬁef consideration.
Highest priority ideas are those which are so important that the public, "
in addition to the copper/copper ﬁeéycliﬂg.iuduStry, would Have interest in
their solution. Consequently, these problems dre important enough to be acted .
upon by'EPA. These problems with their reconmended actions are shown in Table 21.
Low priority idéas are those'tﬁat are important for theAfecycIing'induS-
try to solve, but which aren't imp0rtan£ enough for full-scale phrticipation by
the public. Consequently, these problems aren't felt to be important'enough to
A

be acted upon by EPA. These problems withi their recommended actions are shown in

Table 22.



TABLE 21,

RECOMMENDED ACTION, HIGH PRIORITY COPPER PROULEMS

Copper Wire and Tube*

*k
Brass Products

Title Copper Magnet Wire
1. R&D shculd be undertaken to 1. R&D should be undertaken [. An investigation should
develop economical techniques to develop an economic be undertaken to deter-
ACTIONS and technology for the mech- process for recovery of mine why 496,500 short
RECOMMENDED anical separation of copper copper magnet wire from tons of copper containei
wire and tube from aluminum, small motors. in brass products were
steel, plastics, and in- not recycled in 1969,
sulations of various kinds.
BY WHOM L@ EPA/NASMI EPA/NASMI EPA/NASMI

1. NASMI form a committee of 1. NASMI form a committee of 1. NASMI form a committee cf
three copper smelters and three copper smelte:s and two copper smelters,
three major scrap pro- three major scrap pro- two major scrap processirs,
cessors, cessors. and two ingot makers.

2, Committee discuss problem 2. Committee discuss problem 2. Committee analyze why tlere
with several of each of with several of each of is a low recycle rate for
the following: the following companies: brass products.

e electric utilities e manufacturers of

e cable manufacturers fractional horse- 3. Committee discuss probl:m

e manufacturers of: power motors with U.S, Bureau of Min:s,
consumer durables e manufacturers of Department of Commerce,
and durable goods magnet wire. and Copper Development
that employ copper Assoclation to find pos-
wire and tube. 3. Survey the following sible reporting errors.

organizations to find out

3. Survey the following where magnet wire products 4. Committee discuss problem
organizations to find out are going when discarded. with original equipment
where copper wire_and. ® scrap processors manufacturers and other
tube are going when e secondary smelters final users of brass
discarded: o municipal waste products to find out wh:re
® scrap processors handlers and how much brass goes fnto
o building dismantlers e other. various major markets,

e secondary smelters
e municipal waste 4. Analyze the results 5. Survey the following or-
handlers. of 2 and 3 above to ganizations to find out
determine 1f recycle where brass products ar:

4. Analyze the results of rate is indeed low; going when discarded:

2 and 3 above to deter- if so, analyze how to ® SCrap processors
mine if recycle rate is increase it. e secondary smelters
indeed low; 1if so, e mnunicipal waste handlers
analyze how to 5. Take appropriate e other,
increase 1it, actions on feasible

ideas generated by 6. Analyze the results of 3,

5. Take appropriate actions analysis. 4, and 5 above to cetemine
on feasible ideas gener- -1f recycle rate is inde:d
ated by analysis, low, and if it {s, how to

increase {it.

7. Take appropriate actions
on feasible ideas generited
by analysis.

Notes: * Except copper magnet wire.
** Except the following:
(a) cartridge brass
(b) wunalloyed copper wire and tube,
(1) The responsibility for recommended actions shown in this table are based on importance of the
action, benefit to the taxpayers, and opportunities for NASMI. They are the best judgments of Batt:lle,
(2) Recommended actions were distributed between high priority and lower priority based on the
evaluation with three criteria.
(3) It is suggested that NASMI continue its leading role in recycling, recognizing that other organizatisns

such as the Bureau of Mines, Department of Commerce, Council of Environmental Quality, HEW Office o:

Information, and State, Local, and Federal Legislatures must be involved.

FENLY
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RECOMMENDED ACTIONS, LOWER. PRIORITY PROBLEMS

Cartridge Brass

Leg'islative Problems

Title .
An investigation should be An {nvestigation should
- mwade .Find out why 76,000 short be {nitiated to determine
ACTIONS tons of copper contained in what steps can be taken to
RECOMMENDED cartridge brass were not re- amend various legisletion
. eycled in’ 1969. A good Practices which aren't in
portion of this may be ex- the best interest. of the -
plainable by errors of recycling fodustry and the
reporting oz, by .exports of public. These problemé are:
copper contained in cartridge e Sal? of emErgency
brass from"Southeast. Asid stockpiles
to countries other than the ® Restrictions on the expore
United States. tation of certain types
of scrap.
BY Hﬂﬂd(l)(z)(3) NASMI . NASMI
1. Form'a committee 1. Form a committee
representing . ' representing
® major scrap processors and . NASHI .-
. ® major export/import ¢ ajor scrap processors,
- dealers e anc smeltars.
RECQMMENDED - <3 : -
STEPS 2. COmm ttee analyze why' th re

3. Committee discuss this pro
lem with U.S. Burear ofMine';

is. 8" Iow Tecycle', rate‘for
obsolete cartridge brasa.

2. Inf rm'pertinent > N

recycling of copper

.materials.

.

Department “of Commerce Depart—

ment.of Defense, and Copper
Development Association.
éo;m ttee discuss this prob—
lem,with, several of each of
the..followin

* g;ass milfs

e Cartridge and artillery

shell producers

(1) The responsibility for recommended actions shown in this table are based

on’ importance of the action, benefit to the taxpayers, and opportunities

They are the best judgments of Battelle.

(2) Recommended actions were distributed between high priority and lower
priority based on the evaluation with three criteria.

(3) It is suggested that NASMI continue its. leading role in recycling,
recognizing that other organizations such as the Bureau of Mines,
Departnent of Commerce, Council of Environmental Quality, HEW Office
.of Information,. and State, Local, and Federal Legislatures must be

for- NASHI

involved.

1ed

© TABLE 22.
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RECOMEENDED ACTIONS, LOWER PRIORITY

PROBLEMS (Continued)

Title

Wire Insulation Removal

Declining Markets

" ACTIONS

RECGMMENDED *

An investigation should
be undertaken to develop
‘more effective methods of

wire insulation removal.

Continue R&D efforts’ and
infciate additional programs
to find new uses for copper
"and brass products, ’

Br:wum“

NASMI/COPPER DEVELOPHENT ASSOCIATION/

NASMI °

BRASS & BRONZE INGOT INSTITUTE,

YRIHARY PRODUCERS

'R’Ec‘a“ \DED

- STEPS

1. Form a committee
of major scrap pro=
cessors.

2, Committee “analyze pres-'
ent methods and problems
of removing insulation.

3. COmmittee investigate
methods and" processes
for removing armored
steel and grease, etc.,
from cable.

4, If no acceptable methods
are’ found, -determine if

it is £easible to. carry on ‘R&D
find out economic métnods

.to remove the above.

All ioterested organizations
cooperate in R&D programs
to promote continued .use of

. copper and develop new’ -
applications, supplementing
efforts of copper and copper
alloy producers. .
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RECOMMENDED ACTIONS, LOWER PRIORITY

PROBLEMS (Continued)

“TTitle

" Alr Pollution Control

Customer Prejudices

ACTIONS
_ RECGMMENDED

Avn investigation should
be undertaken to determine
the best present pollution
abatement methods, and to
find improved, cheaper methods.

A campaign should be

undertaken to inform copper
users of quality of
secondary copper.

BY WHOM

NASMI/INGOT MAKERS
AND SECONDARY SMELTERS

NASMI

RECGMMENDED
STEPS

1. Set up a com- ' 1.
mittee of:
e ingot makers and '
e secondary smelters.

2. Committee analyze pres- 2.
ent pollution abatement
practices of irndustries
with problems gimilar
to it.

3, Committee should obtain

advice from proainent
pollution control equipment
manufacturers concerning
suitable equipment and cost.

Continue general publicity
and educational programe

including sponsorship of
technical seminars.

Start advertising and
educational program to
publicize recycling of
copper,

%Y
I
(N

APPENDIX A

MAJOR PRODUCERS OF COPPER

TABLE A-1. U.S. COPPER REFINERY CAPACITY

(Annual capacity at end of 1969 in tons of 2,000 1b)

Electrolytic

The Anaconda Company

Lake _and Fire Refining

Calumet & Hecla Corp.

Great Falls, Montana 190,000 Universal 0il Products Company
Hubbell, Michigan 30,000
Asarco
Baltimore, Maryland 318,000 Kennecott Copper Corp.
Perth Amboy, New Jersey 168,000 Hurley, New Mexico 103,000
Tacoma, Washington 156,000 :
) Phelps Dodge Refining Corp.
Cerro Copper & Brass - El Paso, Texas 25,000
Div. of Cerro Corp. Laurel Hill, Long Island, New York 20,000
St. Louis, Missouri 44,000
Quincy Mining Co.
Inspiration Consolida- Hancock, Michigan 15,000
ted Copper
Inspiration, Arizona 70,000 United States Metals Refining Co.
Carteret, New Jersey, a subsi-
International Smelting diary of American Metal Climax,
and Refining Co. Inc. 85,000
Raritan, Perth Amboy,
New Jersey 150,000 White Pine Copper Co.
White Pine, Michigan 90,000
Kennecott Copper Corp.
Garfield, Utah 186,000 TOTAL LAKE AND FIRE REFINED 368,000
Kennecott Refining Corp.
Anne Arundel County, TOTAL REFINED COPPER CAPACITY 2,676,000
Maryland 276,000
Phelps Dodge Refining Corp.
El Paso, Texas 420,000 Casting Capacity
Laurel Hill, Lomg Island,
New York 155,000 (1) Electrolytic (including
scrap) 2,380,000
United States Metals . .
Refining Co. (2) Llake 135,000
Carteret, New Jersey, a
subsidiary of (3) Fire refining (in addition
American Metal to capacity reported under
Climax, Inc. 175,000 Item 1) 208,000
TOTAL TAN¥. CAPACITY 2,308,000
149
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TABLE A-2. PRINCIPAL COPPER FABRICATORS

- CAPTIVE FABRICATORS '

Chase Brass and Copper

The Okonite. Company - « .

The ‘Anaconda American Brass Corporation

Phelps Dodge Copper Products Corporation

Calumet & Hecla-Wolverine Tube Division

C. G. Hussey & Company, Division of
Cooper Range Company

New Haven Copper- Company

Cerro Copper &.Brass Company, Division of
Cetro Corporation

wire Wills
Anaconda Wire and Cable

Cycle Wire and Cable Corporatxon
Hatfield Wire and Cable Division

INTERDEX;ENDENTS
Brass Mills
" Bohm. Alumlnum & Brass Corporation
Brxdgeport Brass Company,’ vaisxon of
National Distillers & Chemxcal Corporat1on
Bridgeport Rolllng Mills- Company
The Bristol Brass Corporation ;
Chicago Extruded Metals Company
Datroit. Gaakeb & Manufacturing Company
The Electric Materials Company
international Silver Company
Miller Company -
Mueller Brass Company
New .England Brass Company ,
Olin Mathieson Chem1ca1 Corporat1on
#. K. Porter Company, Inc., vaerside-Alloy
Hetal_Div1sion .
Reading Tube Company, .
‘Division Reading Industries
Scovill Manufacturing Company
Triangle Conduit & Cable Company, Inc.
U.S. Mint Service
Volco Brass & Copper Company
Western Electric Company, Inc. . .

Cerro Corporation

o

3'5

Kennecott Cérporation
Kennecoct Corporation
The Anaconda .Company
Phelps. Dodge. |
Calumet & Hecla

Céoper Rénge
Tennessee Corporation

Anaconda Comp'ny

Cerro COrporation

Continental Copper and
steél Industrles, Inc.

Rods, Inc.
Rome. Cable Corooratxon
Triangle Conduit &
Cable Company, Inc,
WeSCern Electr1c Company,
Inc. .




APPENDIX B

END USES FOR COPPER PRODUCTS

Table B-1 shows consumption of brass mill products by type of alloy and
product form. Note that copper forms have consisteqtly averaged from 35 to 40
percent of totQI consumption.

Table B-2 shows the final uses for brass mill shipments irrespective of
alloy for 1965 and 1969. Most end uses have retained their market segments. How-
ever, building product uses have declined somewhat from 29.7 percent of the total
in 1965 to 23.5 percent in 1965.

Table B~3 gives consumption of wire mill products by end-use markets.
communications wire and cable, magnet uike, and building/transportation wire and
cable represent the largest markets for copper wire mill products. Total copper
wire markets have increased from 760 thousand short tons in 1960 to 1,294 thousand
short tons in 1969.

Tables B-4 and B-5 give consumption of various types of copper foundry
products and powder products by type. Although foundry products are shown to have
increased in the past ten years, the markets for foundry products have not grown
since a high of approximately 600 thousand short tons, gross metal weight, was
achieved in 1951. Consumption of copper powder products increased rapidly from

1960 to 1965 but remained essentially constant thereafter.
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TABLE B-3. CONSUMPTION-:OF -WIRE MILL PRODUCTS
IN-END=USE-.MARKETS

(thousands of 'short tons,. copper content)

T TR SR D STEEA S e E—a r._w T bercent
Product/End Use 1960 1965 1966 1967 1968 19691 of Total,
. : : : i QUANTITY 1969
Bare Wire ' o \
Fasteners : - - - - - 6.82 0.5
Machinery, Ex. Elect. - - - - - 4,84 0.4
Electrical Machinery - L. - . - 96.92 7.4
Transportation Equipt. - . - - - - __2.42 0.2
Total Bare Wire . 88.0 103.0 - 134.5 117.5 102.5 110.0 8.5
Insulated Communication 191.0 270.0 282.5 271.5 267.5 357.5 27.6
Other Insulated . ) . N
Magnet ’ - - - - - - 290,93 22.5
Power - - . - - - 148.77 11.5
Building/Transportation - - - - - 311.59 24,1
Appliance g ) - - - —- - —75.21 5.8
Total Other Insulated 830,0 . 789.0 812.0 826.5 63.9
Grand Total 1,247.0  1,178.0 1,182.0 1;294.0 100.0

s =
(1) Battelle Memortial Institute.

Source: U.S. Department of noa_.__n.n.oo. Bureau of the Census, Business and Defense Service Administration,
Copper: Report.
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TABLE B-4. CONSUMPTION OF COPPER AND COPPER-BASE ALLOY CASTINGS

(thousands of short tons, gross metal weight)

Type 1960 1965 1966 1967 1968 1969

sand 358.5 396.5 428,0 408.5 413.5 448.0

Permanent Mold . 22,5 22,5 23.0 18.5 13.5 21.5

Die . 7.5 10.5 15.0 13.0 15.5 14.0

- Other _11.5 15,0 37.0 43,0 41.5 33.5
Total 400.0 444.5 503.0 483.0 486 567.0

Source: U.S. Department of Commerce, Business and Defense Services Administration,
. Copper Report.
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SUMMARY

Lead, because of lts reléti;e inertness in metallic form, is seldom
lost, and it is valuable enough so ‘that industry has always sought to recover
it. Consequently, its recycling record is rafher good with about 49 percent of
total U.S. lead production in 1969 éeing recycled lead. However, according to
Battelle-Columbus estimates, 821,000 tons or almost 60 percent of the lead
theoretlcally available for recycling in 1969 is not recyecled. It is possible
that solution of problems identified during the study could .mean that .about an

additional 250,000 tons of lead could be recycled.

(1)
The Lead Recycling Industry

The lead recycling industry takes scrapped lead from the point of

’ 2y
scrappage to a point of reuse} * The functions include buying and selling, physical

movement, and change of form of the lead The scrap materials are old batteries,

other old lead and lead alloys, and lead drosses from melting operations. The

recycled lead that is the output of the industry covers a range of types and puri-

ties of lead and lead alloys of which some are equiyalent in charac;erlstics and

uses to primarv lead.

The importance of recycled lead in the total lead market is shpwp by

1969 Qupply data for 1ea§:

Lead Source Short Tons of Lead Percent of Total'

AT

LT Bt TEs = Tae -
Domestic ore’ ) 515,9Q9 34
Imported Ore 125{000 8
Imported Metal 285,000 ' 18«
Recycled Lead 605,000 ) 39
U.S. Stockpile 15,090 1

TOTAL 1,545,000 100

(1) Home gerap is pot included in this report.
(2) For a discussion of the functions of the recycling 1ndu5try, see Vol.

General Report. "
7

l)
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-Figure 1 summarizes data concerning the recycling of lead for: the year
1969. The quantities of lead that were calculated to be available for recycling
in 1969 are shown at the left (light shading). The quantities not recycled are
shown next (dark shading). No tetraethyl lead or lead oxides are recycled because
the nature of these applications makes recovery nearly imposgible. Most solder
and ammunition are not recycled for the same reason.

The lead that 1; recycled is shown in the unshaded portions. 1t is
apparent that large quantities of lead are being recycled from several sources.
This recycled lead is then being marketed fpr several applications as shown on
the right of'Figure I. Overall, the recycling of lead is highly successful, yet

only 42 percent of the amount theoretically available is being recycled.

Problems of Lead Recycling

The problems of lead recycling are of two types: (1) those that dir-
ectly reduce the recycling of lead, and (2) those that do not directly reduce the
recycling of lead. Those in the first category are problems that reduce
recycling in measurable quantities. Those in the second are problems that
adversely affect economics or practices of recycling but the effect in terms of
amounts of lead can not be measured.

Table I describes the problem situation for each of the five major scrap
sources and the extent to which lead was not recycled in 1969 in each case. The
relative degree of recycling shown is based on a Battelle estimate of the amount
of scrap of each type theoretically available for recycling that year.

Table II presents the five problems that do not directly reduce the re-
cycling of lead. The first two are market problems and the other three are

operating problems of the recycling industry.
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TABLE 1

IDENTIFICATION AND ANALYSIS OF PROBLEMS CONCERNING LEAD THAT WAS NOT RECYCLED IN 1969

Scrap Categories Where Some lLead Was Not Recycled

Batterv Lead

Lead Cable Sheathing

Snldnre

Bearine lead

Orher Obsolete lead Scrad

1. Antimonial lead is used for

structural and electrical
parts of lead-acid storage
batteries.

2. Lead oxides (usually produced

by the battery manuiacturears)
are used for active materials

1. Lead, because of its corrosion;

resistance, is used to sheath
underground power and commu-
nications cables.

Polyethylene and other
elasctomeric sheathings have
been developed that have

N

Tin-lead mixtures are common-
ly used as solders.

Cost of solders is decreased

by increasing the lead content 2.

High-lead solders are common-
ly used for auto body and

Lead-base alloys are often
used as bearing surfaces
for rotating parts.

Such bearings are used where
the lower friction of rolling
type bearing is not needed,

or where cost or environmental

1.

Considerable lead is used for
{ts corrosion resistance ir
pipe, fittings, and sheet.

Some lead is used- in foil
and collapsible tubes.

Considerable lead ig used

PRO?LEN on battery electrodes. economic advantages over radiator use, cans, and other factors rule against rolling- as caulking material.
DEFINITION 3 . . ) lead. non~critical applications. type bearings.
. A t7P1C31'3“t°m°EIVF battery : 4. Some lead is used in weights
contains 10 lbs of antimonial 3. Consumption of lead for 4. In most uses, the lead be- Lead is a small constituent and ballasts.
lead and 10 1bs of lead cable sheathing has de- comes intimately attached in of a much larger system of
oxides when manufactured. creased to about 257 of small quantities to much lar- other materials in bearing 5. Some lead is used for several
wnat it once was. ger quantities of other uses. minor uses such as in ternme
4. Automotive ba::er¥ sales are materials (copper, steel). metal, electric plating,
based on a trade-in allowance 4, At the end qf their . Disposal of smaller lead bear- annealing, and galvanizing.
for the old batteries. service lives, lead- 5. At the end of the useful ings depends generally on
sheathed cables are lives of soldered products, the other materials. 6. Disposal methods vary widely
_ ) ) sold as scrap. . method of disposal depends depending on use and location
5. Thus, most worn out batteries on value of materials other Disposal of larger lead bear- at the end of the product's
:;ﬁ §2}§§5§§§ bv sellers of than the solder. ings_is sometimes based on useful life.
. ghe lead value.
TONS OF LEAD .
20T RECYCLED 135.000 98,000 56000 23 000 38,000
7% OF AVAILABLE
LEAD NOT RECYCLED 28 & 86 70 38

PROBLEM
ANALYSIS

1. Most worn-out batteries are

collected in economically re-
cyclable quantities as a
result of marketing practices
for new batteries.

2. The recycling industry is set

up to recycle battery lead
effectively.

3. Logic and industry opinion

would indicate that only a
few % of battery lead should
not be recycled.

4. Yet 287 1is not recycled.

5. This is a promising area in

which to increase recycling
of lead.

After an average service life

. of 40 years, lead-sheathed

~

cable 1s nearly 1007% sold as
scrap according toc electric
utilities and phone companies
that use it.

. Nearly all this lead is econ-

omically recoverable once it

enters the recycling industry.

Thus only a few 7% should
not be recycled.

Yet 757 is not recycled.
This is a promising area in

which to increase recy-~
cling of lead.

>

In most cases, lead in
solder ends its service life
as minute quantities of lead
bonded to other metals.

Thus, collection of this lead
for recycling usually is inci-
dental to collection cf

the other metals to which

the lead is attached.

In most cases, economics
dictate that the lead not
be separated from these
other materials.

In some cases it is separa-
ted and recovered as lead,
especially when the tin
content of the solder can be
recovered as tin.

This is an area that has
some promise for increasing
the recycling of lead.

Much bearing lead is dis-
posed of as part of a
system that is primarily
mode of other metals. (For
exauple, it does not pay to
disassemble an auto engine
for the small amount of
lead in the bearings.)

When bearings are large and
easily accessible, lead is
often separated and re-
cycled.

This area is not promising
for increased recycling of
lead.

~

w

Some of this lead (for
exacple, foil, collapsible
tubes, terne metal) is

in forms or locations

that make recycling
difficulr.

Some is easily recycladble
(such as weights an
ballasts, pipe and fittings,
sheet).

Other (caulking, annealing)
is marginal as to the econ-
omics of recycling and
depends on specific cases.

Overall, the recycle rate
is relatively high.

This area has limited possi-
bilities for increased
recycling of lead.
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Recommendations

The.ten problems were assigned priorities based on three factors:
e Potential for improvement.of thé environment
e Potential for conservation of natural resources
o Possibilitiés‘for realistic solutions.

dn this bésis,,three of the probleﬁs were classified as high priority,
and the other seven as iower priofity. Table III gives recommended actions
for the high priority problems. Table IV gives recommendations for the lower
priority problems.

The question 6f who takes action is difficult to answer. Battelle
suggests that NASMI aﬁd EPA continue their leadership in working on solid waste
problems, recognizing that many other Federal Govermment agencies such as the Bureau
of Mines, Council of Environmental Quality, and Department of Commerce, as well

as state and local agencies will be involved.

SNg
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TAGLE 111, RECOMMENDED ACTIONS,

xiil

NIGH PRIOHITY LEAD KECYCLING PRONLEMS

" pattery Lead That fe
Not Recyeled

u-d c-ble shouhlng Thnt {s
Not. luclnd L

Battery Casc Disposal

An fnvestigation should
be undertoken to determine
why 133,000 tons of battery
1ead wore not racycled in
1969, Once thie'determi-
-nation” has ‘beon ‘made,
.appropriste-additional
analyscs and:plans can be
-made to increasc”the ‘recycle

§1969,
: plainable by errors fn report-

An tnvnugnnon should
be undcrtaken to- détermine’
why 98,000 tons of ‘lcad cable
sheathing vere not tccyled in
Part of this may bo ex-

ing by recycle companies or ‘the
V!B, Bureau of Mincs. ‘ilowcver,
it 1s d“ﬂcul! to sco-how the

Disposal of battery
cases provides an excel-
leat subjcct for lnnlylll
of solid-waste by product
problomas. C
genorated in 1
cannot be burned vuhnut
air pollution, ate ‘hazard-
ous to health,
dirty and unpleasant to

A:ﬁom rate if feasible. entire 98,000 tons could be [
- Recommended ' : explained: thh-\uy. Once hnndle.
reasons for the' lov recycle
vate are det ed, appropris An lnvuuguuen
ate ‘additional’ cettonn can be |should be undertaken to
planned. find uses for thc cases.
If major uses can be
' ‘found, the genefation of
K solid vaste vill be great-
. < ly tédiced, and.econcaics
. " ]of battery d reeycun;
vul’bc Improved
1)(2) (3 . : . ) . .
ny.muf-)( YO prarmasut BPA/NASMI BPA/NASMI
. . . 3y . i -] . . Y
1. Yorm a comnittee of 1. - Forn's comittee of
-sacondary ' lead smelters secondary lead ‘smelters
ond msjor- procassors. of na jor
§ 1ead.. unp. 7y
.2.. comlttce amlyn and dh- ’ 2.. Comlnco lmlyu and-
. . cuss the* ponlblo and prodb= . discuss the possible
‘gpeeific . (able rcasons for 'the' large . feasons for the low
‘Steps quantity of battery lead " recycle rate.for lead
- that {3 not recycled.. ubla uhnthtng.
3. ‘Suivay- orgl.nlnthm .
"ifivolved {a battery 1cad ‘v, 'S, Burean of Mines
. reeycllng ponlble mhundennndlngl
scrapiprocessors’ 1n ‘ropotting of ‘lead N
~secondary “smelters cable ‘shéathing. ! . .
-battery rotailers - ’ N 3. peteln resedrch organizatisn
" to determine what batteries |4, Survey orgatifzations o l::t:::kr:'“r‘c'“orgln raeion
are not being reeycled and involved ‘in‘1éad cable -
' vhy. 'h“:::"u ::z’d ing: B l.du genernuon by
. p.prOceasors (3] TOoUPs
4, Annlyze survey results S eren ve g
© .to determine 4f it (s feas- \ ‘ h A
tble to increase the recycle ’ - tn:::v::::n:*:ug::p e
‘::‘.:o:" bottery lead, and 1t cableRinotactirers. " pértincent to thé
B N subject
5. 'Tdke ncée-iaky actione (based[S. Anolyze sutvey re- . BT A N
on 4)'to ircrease battery ‘sults to;deteﬁln_é,lf.' . ¢ “';,-‘.w_“m :Zs”“'
lead irecycling, recyele tate ‘is indeced - tor "w, v
:Wi and 1f :t is, hov ., veconmicndations 15F
o"increse de. ddatt 1oRai ggitons
6. _Tnkg npprop_ginte n‘(itto'ri- if ‘any’
(based on ‘rc“"-" of 5). 4, aneitig;nle I_c'b)itifcnl
’ féaaibility of
R best ldcou for. uses
2 PR = A5, . Condict RED.Gn-fidiiible jde:

(1) The responsibility for.recommended actions showm: ia “thie nble ure based on ‘{mportance of tha .

@
(&)

actfon, benefit to the taxpayers, and opportunities

of Bsttelle.

for NASMI.

They are the best judy—cn.s

-Recommended actions wore. Mnrlbutcd between hl.h priority and Tover prlority based on thc
evaluation with three criteria.
It is ‘suggested Lhat NASMI continue-its leading role in rccyellng. re 'mhlng that other

organizations such as the' Bureau of ‘Mines, Dcpart-unt of Couurce. councu of Envlronmnnl

Quality, HEW otnce of - lntorwnwn ‘and State, lpul md hdnrnl u;uhtunn must bc

tnvolvcd .

T
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RECOMMENDED ACTIONS. LOWER PRIORITY LEAD RECYCLING PROBLEMS

e Solders —
e Bearing lead
e Other Obsolete Lead

Scrap that are
Yot Recycled

Declining Market
Scements

Custozer Preiudices

Battery Acid Disposal

Eartery Breakice

action, benefit to the taxpayers, and opportunities for NASMI.

of Battelle.

(2)
)

evalvation with three criterio.

Cualfty, HEW Office of Informatfion, and State, local, and Federal Legislatures must be

tuvolved.

Kecommended actions were distributed between high priority and lower priority based on the

1t {5 suppcested that NASHI continue {ts leading role in recycling, recognizing that other
organfzations such as the hurcau of Minces, Department of Commerce, Council of Environrmernzas

gkﬁf's

” T *

-t e e

A brief investigation should |R&D should be pursued to|Publicity should be used |An investigation An investigation
be undertaken to ceterzine develop new markets for {to inform lead users of |should be undertaken jshould be under-
the feasibility of increas- |lead. This may include |[the purity and quality of  to determine preseal |taken to develop
Actions ing the recycling of solders,|new alloys or compounds,|secondary and prirmary battery acid digpos~ {izproved methods
‘Recormended| bearirg lead, and other new forums, etc. lead. Addfitionally, the |al methods, and to of tattery break-
obsolete lead scrap. If public service aspects find improved irg.
any feasible possibilities of using secondary lead |methods.
are found, additional actions should be featured--clean
can then be planned. up the environment, save
: naturel resources.
() @)(3) ; N y v NASMI/3B
By whon NASMI NASMI/Lead Industries NASMI/NASMI Mermber MASMI/Battery NASMI/3attery
Association/ILZRO * Companies Breakers 2reakers
- 1. Set up a cormittee of 1, Set up a 1. Continue gereral - 1, Set up a 1, Set up 2
secondary smelters cormittee of one publicity prograxms cor=ittee of coczittee of
and scrap processors. NASMI staff member, that promote recyélingw ‘battery breakers- battery breakers-
and 2 secondary smelters, scrap scelters, scrap p
2. Committee analyze what smelters to co~ 2. Inaugurate . processors cessors, and
15 not being recycled ordinate recycling specific program to - - and specialists specialists
o f and why. industry interests publicize recycling {n breaking. in breakinog.

Specific . with Lead Industries of lead. .

Steps 3, Recomzend {f it is Association/ILZRO 2. Prepare a report ¢, Prepase a report
feasible to try to activities, 3. Help wmember on present r on present
increase recycling rate companies design éisposal methods breaking cethods,
or not. 2. Discuss with publicity and adver-~ and problexs. equipzent, and

Lead Industries tising programs. N problezs.
4, Survey recycling Associat{on how to 3, Investigate sizmilar
_industry, £f justified work together to disposal proble=s g. Investigate izprov
(based on 3), to more develop new lead of other indust- zethods of breakir
accurately determine markets--funding of ries. ’
what and why of materisls R&D, selection of . .. Deter=ine vhat
not being recycled. projects, etc, 4. Discuss improved addéditional steps
rmethods of disposal] to-take.
5. Deternine what next with equipzment and
actions to take, zaterials suppliers
5, Deternine what addi¢
tional actions
stould be taken.
(1) The responsibility for recommended actions shown in this table arc based on importance o
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INTRODUGTION ~

In June, 1970 Battelle Columbus undertook a research program for the

National Associatlon of Secondary Mater;al Industries, Inc. (NASHI) This work'
.was carrxed out under a subcontract from an Office of Solld Waste !anagement

grant to NASMI. fhis report on lead is one of a serieq of eight ccmmodity

reports plus a general or summary report.

.‘3ackgr-nna

‘ The Offlce of Solld Waste Management is respons1b1e for formulating
P B N R e L T R

and recommend1ng Federal Government pollcxes 1n the area of solid waste pollutxon
This includes pursuing appropriaxe research to depermxne the status and problems
of solid waste ectiviries, nnd.to develep programs to redupe solid waste pollution.
L One approach to the reduction of soijd waste pollution is to reclaim
waste‘mgterials for reuse - the recyeltng eoncepf. “A"well established industry--
the secondary materials industryr-enists to eceOmplish this recycling.  NASMI is

the trade association representing the nonferrous metals, paper, and textiles

portion of this industry.



The scrap processors, secondary smelters, and other cdmpanies that
‘make .up the secondary materials industry have developed effect(ve channels and
methods for recycling nearly all waste materials of economic value. These
companies have performed their difficult and essential functions well in the -
traditional economic enviromment.

More recently additional dimensions have been added to this traditional

economic enviroanment. Theée new dimensions are (1) improvement of the environ-

ment in which we live, and (2) increased need for conservation of natural

regources. These new dimensions provide ﬁew challenges and opportunities for
the recycling industry. No longgr is economic gain the sole driving force for
recycling of waste materials. Social gain has been added in the forms of
fmproved living conditions and preservation of resources for future generations.
In an economics-based nation this creates problems of interpretation and
evaluation of noneconomics-based goals and activities. . .

The éutposg of this .series of reports {s to identify obstacles to the

recycling of solid wagtes, and to recommend directions for investigation and

research to overcome these obstacles.
Objectives

The objective of the study on which this report is based H;s to
identify opportunities for the increased utilization of solid waste. ' The major
sub-@bjectives were: .

(1) To determine the structure and functions of the secondary

materials industry, and its relationships to sources of
supply and markets

(2) To identify and evaluate problems of recycling - materials,

sources, industry, and markets, and

(3) To determine opportunities for increased recycling.

Scope

The major subjects included in the scope of the study are the secondary
materials industry, the materials it recycles, the sources of solid wastes, and

the markets for recycled materials. Activities peripheral to these major

subjects are considered where pertinent to recycling,

The materials included in the study are:

Aluminum Nickel and Nickel Alloys

Copper and Copper Alloys Precious Metals (Silver, Gold, and
Platinum)

Lead Paper

Zinc ’ Textiles

Research Methods

The methods and procedures used in the study are discussed under four
types of activities. They include (A) literature search, (B) extensive survey,

(C) in-depth survey, and (D) analysis and synthesis.

Literature Search

The literature searéh included reviewing and studying books, Government
reports, industry reports, and trade journals covering solid waste handling and
probleés, recovery and market data, and recycling of valuable materials.

The result;'ofbthis effort included the accumulation of data and
descriptive material, and an organized bibliography dcaling with each of the

commodities covered in the scope of the study.



Extensive Survey

The extens{ve survey of the secondary materials industry consisted of
a mail survey and personal iﬁtervieﬁs with'madégementfpéréonnel of’comﬁanies.
involved with the co}lectioh,'brocessiqg, and sale ‘of secondary. materials.

About 600 responses wefeAreceived.

The information developed tprough the extensive survey iacluded -dollar
sales, tons of major materials haqdled, types of.aollé waste processea; sbhtées
of materials, investment, equipment and fsqilitiés, number of employees, the
amount of space used, and:the gradés a&i quantiﬁies Sf secondary materials
ptoﬁuced.

The data from the extensive surQéy providéd'statist;cal tabulations of

the regional distribution of the secondary mafetieIS‘industpies by type of

commodity in terms of numbers of establishments, volume of business, and numbers’

of employees.
In:degth Survey

The in-depth survey of selected members of the secondary materials
industries, their suppliers, and the users of their products served to identify

the major technical and economic problems facing those companies involved with

secondary material utilization. About 200 interviews were completed. Battelle -

and NASMI commodity speciaiists jointly'seiected the companies to be interviewed -

in depth.
. . Interview guides for each of the commodities were prepared. The
problems and potential solutions for greatest recycling and waste utilizaticn

that were developed from the literature search and prior Office of Solid Waste

Management work plus the knowledge of the NASMI commodity specialists provided
the basis for designing the interview guide. Sample guides are reproduced in

the Appendix.

Analysis and Synthesis

The analysis and synthesis stép was concerned with the collation and

analysis of data and information derived from both the litersture, extensive

survey, and in-depth survey. fhe analysis and synthesis activity covered the

following tasks: ' ' ’

(1) Economic Data on_the Secondary Materials Industries. The

economic data developed through the extensive sutvey‘of the
secondary materials 1n&u§tries were tabulated and analyzed -as
to the amount and type of solid waste handled and as to
operational d;ta such as number of employees, amo#nt of

. space requtréd, capitalization, and geographic locations.

(2). Flow-Diagrams and Life Cycles. Flow diagrams were developed

to indicate the flow of materials from primary production’
and scrap s;ufcesvthrough fabrication. Life cycle estimates
of various proﬁucﬁs we;e used to develop data on quantities
available fo; possible retycling.

(&) bbeﬁand-sﬁgélz Relation;hggs. Estimates were made of future

o demand and g;pply 1ev§1§ for secondary materials. The rela-
fféh;h{p %Eiwgen these &ata }roQide an indication of‘poteptial
surpl;;es or gﬁor;ages of recycled materials through 1980.

(&) Stability of Flow and Consumption. This analysis is closely

Telated to the sdpglyéaemaﬁé analysis described above and

identifie’s the ability of the varfous secondary materials to
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(35)

(6)

(7)

(8)

compete as source waterials for manufacturers. A number of

factors were examined such as price changes in the secondary
materials, the availability of materials, and the effect of

sudden changes in the magnitude of demand.

Direct Impacts of Technological Change. Direct technical and

technological factors were examined to determine their effect
on rates of processing and recycling. Poteantial changes that
could take place in technology that could decrease or increase
the rate of solid waste recovery were examined. This includes
the identification of potentially recoverable solid wastes,

the problems limiting the recovery to current levels, and the
possibilities of technical advances through the use of known
technology or through added scientific and engineering research.

Constraints on Expansion of the Secondary Materials Industries.

This analysis included consideration of elements critical to
expansion of recycling - labor and managemeat availability,
laws and regulations, equipment availability, nature of solid
waste materials, market needs, etc.

Potentials for Expansion of the Secondary Materials Industries.

Based on the constraints identified in the above task, plus
examination of various methods for overcoming constraints,
this task determined the ability of the secondary materials

industries to meet new opportunities for recycling.

Indirect Technological Change. The broad overall technological

trends indirectly affecting the secondary materials industries

were examined, and their probable impacts determined.
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THE LEAD INDUSTRY

Primary and recycled lead can be used inter;hangeably for most appli-
cations. Thus, many of the markets for recycled lead are the same as those for
primary lead, and there is competition between the two sources to supply lead
to its markets. '

This first section of the report proQides a brief review of the lead
industry - including both primary and recycled producers. Included are:

Characteristics of Lead
Characteristics of the Lead Industry
Markets for Lead

Market Outlook.

Characteristics of Lead

A variety of types and forms of lead are produced. Major among these

are:

Pig lead

Antimonial lead

Misc=llaneous lead-base alloys

Lead oxides, pigments, and chemicals.
Pig Lead

" Table 1 gives specifications for the four common grades of pig lead
(also called soft lead). Of these grades, corroding leaa and chemical lead are
not normally produced from scrap.
A fifth grade of pig lead is remelt lead produced from scrap. Since
this is not reduced or refined, it is not a standard specification product. Its

composition will vary depending upon the composition of the scrap that is melted.

R



TABLE 2 -
Antimonial Lead o .
BATTERY MATERIALS SPECIFICATIONS

Antimonial lead (also called hard lead) includes a range of alloys

meeting the specifications of different users. It is produced mainly from Unless otherwise detailed in this specification all material
’ used in the construction of batteries shall conform to the

battery scrap and used largely in the manufacture of new batteries. Table 2.is a best commercial practices. Active material, grid alloy or

’ miscellaneous lead parts smelted from other batteries must

quote from The Assoclation of American Battery Manufacturers, .Inc. (AABM) . . be refined prior to subsequent use in new batteries.

yearbook pertinent to antimonial lead. : Source: American Association of Battery Manufacturers,

Yearbook, 1970.

‘ Miscellaneous Lead-Base Alloys

TABLE 1 . . . :
STANDARD SPECIFICATIONS FOR PIG LEAD N A variety of other lead-base alloys are pr.:oduced in limited quantities.
(A.~S-T-H- Designation B29-55) ‘More important among these are:
Babbitts - used as bearing materials
Acid Cormon
Corroding ‘Che_mi.cel Copper Desilvgrized . : Solders - used for joining and filling metals
' Lead Lead Lead Lead ) :
Silver, maximum, percent 0.0015 0.020 - 0.002 - 0.002 ' T?'pe metals - used i’.‘ Pfinti‘:g_ piares:
. T a .
Silver, minimm, percent . 0.003 N . These alloys are ggnerally produced to customer specifications, standard
Copper, maximum, percent .0.0015 0.080 0.080 0.0025 specifications, and _t)}'antjl names:
Copper, minimum, percent T 0.040 0.040 -- ' Lead Oxides, Pigménts, and Chemicals
Silver and copper together, '
maximum, percent 0.0025 .- - - L ee Nonmetal forms of lead that are produced in significant quantities
Arsenic, auntimony, and tin . . R . ’ . - include: " V ‘
together, maximum, percent 0.002 0.002 0.002 " 0.005 S B
o - . B ) RV RV RN . : : .Litharge
Zinc, maximum, percent 0.001 0.001 0.001 0.002
. . . ’ : Red lead
Iron, maximum, percent 0.002 0.002 0.002 0.002
. . . White lead
Bismuth, maximum, percent 0.050 0.005 0.025 0.150 ) i
) : Black oxide
Lead (by difference), o - -
minimum, percent 99.94 99.90 99.90 .  99.85 ) Tetraethyl lead.
2192
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Specifications for oxides used in batteries {(black oxide, litharge)

are covered by the quote of Table 2. Other oxides meet public or private

specifications depending on the customer.

Characteristics of the Lead Industry

The lead industry includes the institutions and activities necessary

to process the lead-containing raw materials into the various usable grades of

lead and lead compounds. Included are several types of companies:

Integrated producers -
Miners -
Primary smelters -
Secondary smelters -

Scrap processors -

Materials Sources

The U.S. lead industry
(e8]

materials:

Domestic ores
Imported ores
Imported metal

Drosses, residues, and

In recent years, domestic ores have increased substantially as a mater-

mining, concentrating, smelting and refining
mining, concentrating of ores

smelting and refining from ore

smelting and refining from scrap

collecting, sorting, melting of scrap.

depends on the following sources for lead

1965 Supply
(lead content), tons

515,000
125,000
285,000

scrap €05,000

ials source, while the other three sources have remained comnstant.

(1) U.S. Bureau of Mines.

191
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Materials Flow

There are four major sources of lead raw materials as shown above.
In addition, the U.S. Strategic Stockpile can be a source or a market depending
on whether it is a net seller or buyer in a specified year.
‘ Figure ) provides a materials flow balance for lead for the year 1969.
The major importance of'recycled lead is apparent, as is the heavy market depen-
dence on batteries and tetraethyl lead.. None of the other individual uses exceed

90,000 tons or about 5 percent of total consumption.

Lead Producers

Production of primary lead in the U.S. is dominated by five producers

with over 85 percent of the total primary production:(l)
. American Smelting & Refining Company (382)
St. Joseph Minerals Company (202)
American Metal Climax Company (n.a.)
Bunker Hill Company . (19%)

U.S. Smelting, Refining & Mining Company ( 7%)

There are over 2C0 additional companies that smelt or remelt lead in
the United States. Most of these are secondary producers. The largest of these
is NL Industries Inc.

Table 3 provides 1967 data (latest available) concerning primary and
secondary lead smelters. This table is incomplete because more diversified
companies are not included. Even so, it shows 19 primary and 112 secondary

companies.

(1) "Economic Analysis of the Lead-Zinc Industry', April 1969, Chas. River Associates,
Inc., Cambridge, Mass.



TABLE 3

GENERAL STATISTICS FOR LEAD ESTABLISHMENTS, 1967

_Indus- . . Capital
_.try of : Estab- . Value Expendi -
Product lish- __All Fmployees _  Added by Cost: of  Value of tures,
Class Industry or ments  Number Payroll Manufacture Materials Shipments new

code _ Product Class (number) (1,000 (s milljon) ($ million) (§ million) ($ million) ($ million)
3332 Primary Lead
 Entire industry - 19 2.7 18.9 48.3 270.8 304.0 18.5
33413  Secondary Lead ({)ig,» ingot,
- shot, etc.)
(Primary prbduct‘ class of . : )
establishment) n - . 62 - 3.4 23.3 43.0 218.6 263.5 3.4
: Establishments with 75% or .
" more specialization 50 2.4 . 16:5 26.9 ‘ 149:0 ‘178.5 3.0

Source: U.S. Department of Commerce, Bureau of the Census, 1967 Census of Manufacturers, "‘Smelting
Nonferrous-Metals and Alloys", p.33C-10 and p. 33C-19. )

A Yy
N

SOURCE SUPPLY CONSUMPTION USE

and Refining.of

Notes: () Quantities are:in
short tons
(2) Supply and consumption
are balanced.by "Unexplained
Losses " use

FIGURE |, MATERIALS FLOW BALANCE, LEAD, 1969
Source: U.S. Bureau.of Mines, Minerals Yearbook, 1969,
"Lead" chapter '

[4

€1



14

Markets for Lead

Markets for lead have increased slowly over the past 25 years - at an
average annual rate of 0.5 percent. Figure 2 gives annual comsumption since

1945 as reported by the U.S. Bureau of Mines.

4,400

4200

:lpoo

2

2 soo|- -

2

2

3 600} -

£

o

<

¥ eoOp -~
200 ~
ol*lljn.lnlnnnl;lnn_x_.l‘;;;n
l"s. 1930 1983 960 1965 570

FIGURE 2. LEAD CONSUMIPION, U.S., 1945-1969

Source: U.S. Bureau of Mines, Minerals Yearbook, 1969,
p. 625,

Table 4 gives a breakdown of lead consumption for 1969 by type of metal.
Much of the soft lead is further processed to make lead oxides and tetraethyl lead.
Most of the antimonial lead is used to manufacture storage battery parts.

Pigure Z-A provides historical price data monthly for a 10-year period.
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TABLE 4

LEAD CONSUMPTION BY TYPE OF METAL,
us., 1969 .

'rype of Metal

Short ’l‘ons of Iead

Soft Lead
Antimonial Lead

- - T KR

900,858
384,324

Alloys (other than copper-base)- 51,426

Copper-Base Al lbys
Qt'h.er
TOTAL

15,367

37,383
1,389,358

Source: " U.S. Bureeu ‘of Mines, Minerals - - -

ngzkgek

Lead Use Pattern

1969, "Lead" 'chapter.

Thme market for lead is characterized by one very large use (storage

bg;tgries - representing about 40 percent o‘f t.heA ilead congumed annually), one iarge

use (tetraethyl lead ~ representing about 20 percent of the lead consumed), aﬁd Co T s

many small uses. Table 5 provides a

information is.given in the Appendix

Secondary Lead Markets

Markets for secondarv)v lead

included in the previous subsections

use pattern for lead for 1969. Additionél

concerning uses of lead.

accounted for 585,000 tons in 1969. "This is

on markets and use patf:ems. A more complete

consideration of markets for secondary lead is presented in a later section,

"The Lead Recycling Industry”.

Market Outlook

e The market outlook for lead is not favorable. If present treads continue,

it 1s expected that tetraethyl lead (TEL) demand will decrease to nearly zero

PAVLY
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TOTAL

© Miscellaneous Uses’

TABLE 5
LEAD OONSUHPTION IN THE U. S.,~ BY PRODUCTS -
(Short toms)
' .'-Produ‘ct T ' 1969
! ﬁet'al Products:

Ammunition 79,233
Bearing Metals 17,406
Brass and Bronze 21,512
Cable Coveri.ng o - 54,203
Caulking Lead® 44,857
Casting Metals . 9,918
Collapsible ‘l‘ubes 12,484
‘Poil 5,881
‘Plpes, Traps, and Bends 19,407
_ Sheet Lead : 25,818
‘Solder 72,626

‘Stotage Batteries: . .
Battery Grids, Posts, etc. 280,386
Battery Oxides ° 302,160
Terne Metal N 1,583
Type Metal’ 25,660
’ “TOTAL 973,134

.'Pignts- o v e
" White Lead 6,617
=Red Lead’ and Litharge 79,898
Pigmeni Colors 14,670
_Other ——1.201
TOTAL 102,386
Chemicals: ’

Gasoline Antiknock Additives 271 128

Miscellaneous Chemicals

.Annealing 4,252
Galvanizing 1,797
Lead Plating 406
Weights and Ballast 17,366
" TOTAL 23,821
Other, Unclagsified Uses 18,287
GRAND TOTAL (24) 1,389,358
{1} Includes lead content of leaded zinc oxide and other
pigments.

(2) 1Includes lead which went
- ted products. '

directly from scrap to fabrica-

Source: U.S. Bureau of Mines, Hinetals Yen-book 1969,

"Lead" chapter.
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‘during the next 10 years based on redesfgn of automotive engines and iocreased
production of higher octane gasoline constituents. The automobile manufacturers
and petroleum companies seem to be dedicated to this course.

The U.S. Bureau of Mines estimates annual growth rates during the 1970's

as follows:

Percent
Primary lead 1.6
Secondary lead 2.5

These estimates do not take into account the decreasing demand for lead
in TEL. 1If the TEL market it lost by 1980, this is an annual avétage loss of
1.7 percent of the total lead market during the ll-year period from 1969-1980.
Subtracting this from the 2.1 percent growth rate estimated by the Bureau of Mines
gives a growth rate of only 0.4 percent annually. This compares with an average
annual growth rate of 0.5 percent during the last 25 years.

The importance of this low future growth rate is that it may depress
lead prices. This could then adversely affect the recycling of lead tecause of

depressed scrap prices.

202
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. THE_LEAD RECYCLING INDUSTRY .

The lead recycling industry is organized to collect, process, and refine
scrapped lead, and again make it available for usegl)This industry and the mater-
ials it handles are reviewed in this sectioh. The topics included are:
'Characteristics-of Lead Materials
Characteristics of the Lead Recycling Industry
Recycled Lead Markets '

Materials Flow Pattern for Lead Recycling

»Demand/Supply Analysis,

Characteristics of Recycled Lead

Secondary Lead

All grades of lead can be made from scrap by secondary smelters. How~
ever, ASTM corroding lead and ASTM chemical lead are not normally produced by

secondary smelters. Antimonial lead to customer specifications is the largest

single tonnage of secondary lead. Other alloys such as bearing metals, type
metals, and solders are important. Soft lead is also a large output of secondary
smelters. Large tonnages of this soft lead are used to make tetraethyl lead and

battery oxides.

Scrap and Drosges

The raw materials of the lead recycling industry are a varlety of types

of scrap and drosses. These materials vary from almost pure soft lead to drosses

and alloys with over 25 percent impurities. Also, some lead scrap is mechanically
mixed with other materials and must be separated. Notable examples of such

products are storage batteries and lead-sheathed electrical cable.

TIY For a discussion of the functions of the recycling industry see Vol. I,
General Report. - ~
. 203
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Table "6 "provides NASMI definitions of étandard.gréﬁes of lead scrap. oo

Characteristics of the Lead Recycling Industry

Sérap metal dealers collecr, handle, sort, segregat;, and process rhe
various grades of lead scrap for eventual shipment to secondary lead smelters,
refiners, and consumers. A majority of these dealers also collect and handle other
scrap metals. However, some dealers specialize in lead scrap, particularly those
processing scrap batteries. . V

Dealers utilize modern equipment and materials handling methods in the
processing of lead scrap. Lead cable stripﬁers; for example, are used in removing
the lead sheathing from cable., The separation of battery lead from batteries now
inrolvéé saws, choppers, and guillotines.

. A large proportion of scrap batteries by-passes the scrap metal dealer

~'who 'is not a specialist. The processing of scrap batteries requires expensive

équipment. Also, disposal of cases and’ acids ‘is often difficuit.

' Lead scrap consumers consist of remelters, smelters, refiners and manu-
facturers who convert scrap- and residues into useful products.
A Equipmenr and facilitiés in the Secordary lead smelting and refining
indﬁstry range from small remélting pots to compiex furnacéroperations. ,fhese

operations involve furnaces of various types, such as sweaters, blast and rever-

‘beratory furnaces, refining kettles; and special s&stems ‘to recover lead and alloy

metals. All secondary metal plants are equipped with chemical analysis facili-
ties and spectrographic units. These are used ‘to determine the compositions of

the purchaéed scrap, and to adjust composition of the refined lead to desired

204
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" TABLE 6

CRADES OF LEAD SCRAP AND DROSSES -

SCRAP LEAD = SOFT

Shall consist of clean soft scrap lead, free of all foreign materials such as
drosses, battery lead, ‘lead covered cable, hard lead, collapsible tubes, foil,
type metals, zinc, iron and brass fxttings, dirty chemical lead. Free' of
radioactive materials.

MIXED HARD/SOFT SCRAP LEAD

Shall comsist of clean lead solids, free of foreign materials, such as drésses,

battery lead,s lead covered cable, collapsible tubes, type metals, zinc, iron

and brass fittings, dirty chemical lead. Free of radioactive materials.
BATTERY PLATES

1f cells (plates, separators, and lugs) or battery plates, must be reasonably
free of rubber. May be bought and sold by assay or as agreed between buyer and
seller. ) o

DRAINED WHOLE BATTERIES

Batteries to be free of liquid and extraneous material content. Aircraft
(aluminum or steel cased) and other special batteries subject to special

agreement .

BATTERY LUGS

Shall be free from ﬁattery plates, rubber and foreign material. A minimum of
97 percent metallic content is required.

LEAD COVERED COPPER CABLE

Freé of armored covered cable, and foreign material.

LEAD DROSS .

Should be éléaﬁ and -reasonably free of fdreign matter, iron, dirt, harmful chemi-

cals or other metals, Free of radioactive materials. Assay basis, or as agreed

between buyer and sellér. Other metals présent such as antimony, tin, etc., to
be accounted for as agreed between buyer and seller.

LEAD WEIGHTS

May consist of lead balances with or without iron, as may be specxfied Free of
foreign materials.

MIXED COMMON BABBITT

Shall consist of lead base bearing metal containing not less than 8 percent tin,
free from Allens Metal, Ornamental, Antimonial and Type Metal. Must be free
from all zincy and excessive copper in the alloy.

Source: NASMI. .

"
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Materials Sources N

Lead for recycling comes from melters of lead (mostly as drosses and
residues), from users of lead who generate scrap in making lead products, from users of
lead-containing products as obsolete scra#, from demolition of buildings, and
from scrappage of obsolete equipment containing lead. '

The importance of the various types of lead scrap is shown in Table 7

which gives lead scrap consumption data by type of scrap.

TABLE 7

CONSUMPTION OF LEAD SCRAP BY TYPE, 1969

Short Tons
Type of Scrap of Scrap
Soft lead 57,791
Hard lead 15,553
Cable lead 31,983
Battery-lead plates 520,913
Mixed common babbitt 12,220
Solder and tinny lead 11,853
Type metals 32,462
Drosses and residues 114,988 .
GRAND TOTAL 797,763

Source: U.S. Bureau of Mines, Minerals

Yearbook, 1969, '"Lead" chapter.

Lead scrap prices vary greatly depending on prices of new lead,

the grade of scrap, geographical location, avatlabilitv, and other factors.

Table 8 provides a rough indication of typical prices in 1969.
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TABLE 8

LEAD SCRAP PRICES, 1969

Price,
Item ¢ per 1b
Dross 8
Soft lead 12
Battery plates 7

Whole batteries, (drained) 4

Common Babbitt 10

Source: NASMI lead committee.

Recycled Lead Markets

Table 9 gives a 10-year history of recvcled lead production (consump-
tion is about the same as production). Also included is secondary production
as a percent of total lead consumption. This has remained in the range of 40-46

percent for the 10-year period.

TABLE 9

RECYCLED LEAD PRODUCTION, 1960-1969

Short Tons Percent of Total

Year of Secondary Lead Lead Consumption
1960 470,000 46
1 453,000 44
2 444,000 40
3 493,000 42
4 542,000 45
5 576,000 46
6 573,000 43
. 7 554,000 44
8 551,000 42
9 604,000 44

Source: U.S. Bureau of Mines, ﬁnerals ﬁarbook, 1964
and 1969, "Lead" chapter. “ ,_.‘7
Py
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Use Patterns" e E . BT o - l) )

The use pattern for secondary lead is similar to that €£6r all lead.
N 1;
Secondary and primary lead are more often_than not- indistinguishable from each
other. Table 10 gives 1969 consumption data for. secondary léad. The importance

of batteries and tetraethyl lead as markets is apparent. -

TABLE 10

CONSUMPTION OF SECONDARY LEAD BY USE, 1969

Percent of Total

Use Tons of Lead ..
_Batteries 500,000(1) ' 69 - .

Tetraethyl lead 75,000(2) 13
Solder 31,0003 5 '
Type metal zg,ooo(3) 5 ) v
Cable sheathing 19,00003) 3
Bearing metal 13,000(3) _i .
Oti\er uses 1§,000(3) . __3_

TOTAL, 585,000(3) - 106

Notes: (1) Battelle estimate based-on U S Bureau of
Mines data.
(2) Battelle estimate based on opinions of
- secondary lead industry. B
. (3) U.S. Bureau of Mines da;a. .
Sourée: U.S. Bureau Of Minés, Hine;als Yeg;book 1969
"Lead" chapter.
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Industry Data - . ' . - .

A survey of the recycling industry developed data to afford profiles

of the industry and the companies making up the industry. Volume I, General

" Report, in this series gives many of these data. A few data concerning lead

. are given here and in Appendix B oﬁbtnig;report.

The average recycler of lead compares w;th_the'anerage recycler of all

commodities éslfollows:(l)
‘ Investment in Number of Investment
Plant and Equipment Employees per Employee
Lead ) . $1,652,000 95 17,300
ALl commodities . yhl,égg,ooo_ T n 20,800

Figure 3 shows the variation in size by census region of (1) lead
scrap processors and (2) lead smelters. There is little correlation of sizes
with population density, degree of industrialization, or other common regional

indicators.

(1) Data from extensive survey.
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_ . Baterials ¥low Pattern for Lead Recyeling BT

Using data on scrap sources and markets for secondary lead. in m,‘

I

4

plus calculations of the quantities of lead scrap that should have béen geoetated

" 1in 1969, 1t 1s possible to develop a materials flow pattern. Tsble 11 presents

these data. Pootnotes show sources and methods of derivation. s
The first column of the table give; data concerning the’ q(;antities of
lead that should have been scrapped fn 1969 based on life cycles of-the various
sources. Thus, drosses are immedfately available as a byproduct of leaﬁ m‘ell‘:ing.
At the other extreme are lead sheathings for cable which are in use for an average
of 40 years before they are scrapped. "The qua:;tity of lead uséd in ptod_\gctic'!'n of
cable sheathing in 1929 (actually the 1923-1935 average was used to smooth ye-’ar-toé
year variations) is the amount that should have been scrapped in 1969, and this
is the 130,000 tcns shown in Table 11, The other entries in the first column
wvere calculated in a similar manner using the life cycles given in footnote (2).
Figure 4 presents the data of Table 11 in graphic form. The widths of
the various channels are proportiomal to the quantities ‘involved. The total
amount of lead calculated to be available for recycling is shown by lightly
shaded areas, the rec'cled lead {s shown by the unshaded areas, and the lead that

is not recyéled is shown by darkly shaded areas. It can be seen that industrial

scrap is not a problem - essentially all of it is recycled. But for the large
categories of obsolete scrap--batteries, oxides, and cable sheathing—-large quanti-
ties apparently are not recycled. The major reason for this is that it is not

economically feasible, This will be discussed later in a problems section.



- LEAD SCRAP RECYCLING, 1969

o to ce A;cilabie for ;{rL;.d\ PercencA ~ii;;§”of Lcad
* Drosses and.reﬁxgqes ._ 88,0000 88, 000€3) 100 -
Batteries - - »'j :4§S;OQOF4) 350, 000(3) 72 135,000
Tetraethyl lead - 271,000 - 0 271,000
Oxides,ghd‘chemicgls 125,000 - 0 izs,ooo
" Cable sheathing 130,000 32,000€(3) 25 98,000
Solder _>' 65,000 9,obo(3) 1 56,000
Bearing metal | 33,000 - 10,000¢3) o 30 23,000
T§pe,metgl : 29,000 29,00003) 100 s
Ammunition - 80,506 : 5,000(5) ' 1_’_6f . 75,000
Other obsolete scrap(®) 100,000 62,0000) - 62 38,000
: =$0TAL 1,406,000 585,0003) 4 821,000

R R L b R A e A R E R E I S A N e I R L T

Notes: (1) "Drosses. and residues” covers prompt industrial. scrap._,All-gther
' headings in column cover obsolete scrap.- ~ '

(2) cCalculated from estimated life cycles and consumption of lead that
number of years prior to 1969. The life cycles used, ;and the years
for which consumption data obtained are as follows:

Years of Lead Consumption

o Life Cycle Used to Calculate
Source.. “(years) _Lead Availablllty
- .Drosses and residues 0.1 : ;1969
Batteries 2.3 1966~1967 . average
TEL | 0.2 ;1969
Oxides and chemicals 20.0 1949-1950 average
Cable sheathing 40.0 1923- 1935 v
Solder 120.0. 19491950 "
Bearing metal 20.0 1949-1950 "
Type metal 2.0 1966-1968 "
Ammunition 0.5 1968-1969 "
Other obsolete scrap 30.0 1938-1939 "

(3) Based on U S Bureau of Mines data.
(4) Includes 40,000 tons/year of lead in litharge (Battelle estlmate)
(5) Estimated by Battelle.

) (6) Copper-based‘allqys not included. )
Source: U.S. Bureau of Mines,; Minerals Yegrbcoks, 1935 to 1969, "Lead" chapters.




B3E

FIGURE 4.

28

Type

585,000 Batteries

Notes: {I) All quantities in
short tons of lead
{2) Home scrap not included
(3) Estimated 25% of scrap
by -passes processors,
dealers, and brokers

585,000
Recycled
(15% Prompt Industrial
85% Obsolete)

SCRAP/SECONDARY LEAD FLOW, 1969

<53

400,000

31,000

19,000

Beorings
13,000

19,000

Secondary
Leod markets
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. . o : ) » L ) .Demand/Supply Balance
- Demand/Supply Analysis - o - —

. . Surpluses of secondary lead (or lead scrap) are indicated for 1974
A brief analysis of expected future demand and supply for'seco_ndary

. and 1979 based on (1) current recove ractices, (2) scrap availability forecasts ¢
.. lead provides one indication of the future environment for lead recycling. . : P ) (. 4 ’

and (3) market forecasts:

Demand
Short Tons of Lead
: . 1974 1979
Demand for secondary lead in 1969 and future years is forecast as S : S
. ‘ ) . S - Demand . . 595,000 - 610,000
follows: _(Based on growth rate for secondary lead pf 0.4 percent [ : - - . e N, e
T . : T ‘ ‘ Supply 740,000 830,000
annually [see Market Outlook subsection, p. 15]). . ‘ . .
' ' C v Surplus 145,000 220,000
Short Tons . A )
1969 585‘000 : The major reasons for the‘apparent futﬁre surplus of secondary lead
1974 ' - 595,000 . are: (1) loss of TEL ._market:;' (2) nongrowth and &ecline of other markets (cable
1979 . . -610,00ID : . sheathing, type metal, solder, plumbing products, etc.), (3) rapidly increasing
’ ) availability of lead scrap as calculated from life cycle data. However, these
3 ’ . O n s.urpluses do t;btﬂshcw irh::at .will héppen.v In reality it is expecte& that demand
Supply ) ‘ . ’ ' : o - will increase to t'he supply level a‘t the expense 6f lower demand for primary

) lead. The price of récycled lead is discounted to encdurage its use. Buying
Future availability of secondary lead, based on present recovery rates o o . . .. a
- X S R i prices for scrap are set to follow price reductions. However, if recycling in-
is as follows: (Calculated by same method used to calculate 1969 availability : : . )y
. o . L - .- creases more. rapidly than expected, markets for secondary leac may become more
{see Table 111]}. o - . . o . . : . O R .
N . critical to the recyeling process in the future,

Secondary Production . -

1969~ - 585,000

.;é‘ .-gsx ‘-- )

1974 ' 50,500 |

1979 _ 830,000 |
<44
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Effect on Lead Industry.

It is reasonable to expect that an additional 213,000 short tons of
lead could be recycled annually under ideal conditions.(l) If this much
additional léad-can be recycled by 1974, about 25 percent will be added to the
predicted recycled lead supply in that year.

This is less than 13 percent of total supplies, or about a 2-1/2 percent
increase each year for the 5 years between 1969 and 1974. This should not cause
major upheaval in the lead industry. This additional recycled lead will be
matkeged at the expense of lower sales of domestic and imported primary lead
because of the lower price for recycled. Since, there are large year-to-year
variations in primary lead supplies (in the 1965-1969 period imported metal
varied by 175,000 tons from lowest to highest year, production from domestic
ores varied by 250,000 tons), growth of recycled lead supplies over a 5-year

period should not cause unusual problems for the primary suppliers.

(1) The 213,000 tons was calculated based on the following changes in percent

recycled:
Additional
1969, Goal, Recycled,
percent percent tons
Batteries 72 90 86,500
Cable 25 90 85,000
Solders 14 50 23,500
Other Obsolete 62 80 18,000
TOTAL 213,000

216
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LEAD SCRAP RECYCLING PROBLEMS

There are several problems that directly reduce the amount of lead

1

that is recycled.( ) In order to provide as quantitative a base as possible for
analyzing the effects of the problems on recycling, the prganization of this

section follows the types of scrap.

Industrial Scrap

There are no types of prompt industrial lead scrap that are not close
to 100 percent recycled. This is also true of drosses, flue dusts, and other
materials generated during smelting of secondary lead. Some lead is lost in
slags during secondary smelting, but these losses are very small. Thus, there
are no problems concerning industrial lead scrap that directly reduce the amount

of lead that is recycled.

Obsolete Scrap

Recycling of lead according to class of use varies from 0 percent
(tetraethyl lead) to rearly 100 percent (type metal). The problem areas involve
the follovihg classes of uses:(Z)

(1) Tetraethyl lead
(2) Oxides

(3) Cable sheathing
(4) Bearing lead
(5) Battery lead
(6) Solder

(7) Ammunition lead

(8) Other obsolete lead scrap.

(1) Problems that do not directly reduce the amount of lead that is recycled are
discussed in the next major section of the report.
(2) Type metal scrap is not included because it is about 100 percent recycled.

S b



‘Table 12 presént; these prpblems'in'e;ght cofumﬁé,based on 19@9 data.. )
Included are: (l)vdefinitions‘oi the problems (2) tons of iead not recycled,
.‘(3) percent>of lead célculated to be available but that was not recycled, and’
(4) analises of the problems.
Four of the problems hold 1;:?1; or not promise f;r increased recycling.‘
of lead under present econimié conditions. These involve the following cat;éoriés

of lead that is not recycled:

Tetraethyl lead

.
® Lead oxides and chemicals
¢ Ammunition lead

e Bearing lead,

- In all four of these cases the lead is so widely Aispersed, or so coh-
taminated with other materials as to be virtually unrecoverable.. Only.for tetra-
ethyl lead is this condition likelflgo change in thg'fut¢r9,~>1£ catalytic air
pollution control systems are installed on mbéor vé£iéles,—the léad‘m;y be
recoverable by the service stations th#t service the catalytic systeﬁs. or if
the s&stems do not require servicing, the lead might be fécoéérable wvhen ;he auto
is scrapped.

Two of the problems hold considerable promise for increased recovery and

recycling of lead. These are.the folloﬁing categories where not.all lead is now

re;ycled:
e Battery lead
® Lead cable sheaghing.
In both of these aféas it is difficult to explain the high losses since
recycling is economically attractive. It {is believed that errors in reporting may
account for some of the apparent losses. Some lead cable sheathing is probably

reported in the "other" category. Perhaps even some of the battery lead is

218
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TABLE 12 IDENTIFICATION AND ANALYSIS OF PROBLEMS CONCERNING LEAD THAT WAS NOT RECYCLED IN 1969

Tetraethvl Lead

Lead Oxides and Chemicals

(Excluding Battery Oxides and Tetraethyl Lead)

1.

Tetraethyl lead is added

to gasoline in minute . ITFIUdid ;n th;slcategoFy are
quantities. white lead, red lead, litharge
(except for batteries), leaded

, zinc oxide, and miscellancous

2. The lead is converted to chemicals.
lead oxides and other
compounds in the engine 2. These oxides and chemicals are
cylinder. used primarily in paints, cer-

PROBLEM amic glazes, rubber, insecti
. : > » =
DEFINITION 3. This lead is then deposi- cides, and several minor uses.
ted on engine parts, in
the exhaust system, and 3. In nearly all uses, the lead
exhausted to the atmosphere. compound becomes a minor cone-
stituent of a larger system.
TONS OF LEAD
NOT RECYCLED 271,000 125,000 -
% OF AVAILABLE
LEAD NOT RECYCLED 100 100

1. Annual dischargz2 of lead for 1. Lead is usually under 1% of a
an average auto is 5 lb. system with other materials.

2. Recovery of this lead has in- 2, The other materials are usually
significant economic value to low-value materials such as wood,
the auto owner. rubber, ceramics, or steel.

3. In the future, pollution- 3. Little of these other materials

PROBLEM control devices may collect are recycled.
ANALYSIS the lead.
4. It is nearly impossible techni-

4. These devices will probably cally and economically to separate
require regular servicing. the lead from the other materials

for recycling the lead only.

5. The lead may be economically
recoverable by the service 5. This is not a promisipg area in
station, and could then be which to increase recycling of
recycled. lead.

6. But lead in gasoline will
decrease in future to reach
near zero in 10 years.

7. Therefore, this is not a promising

area in which to increase
recycling of lead.

o~ A
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SCtGP Categories ;Where' ‘Some 1%

‘

“IDENTIFICATION 'AND ANALYSIS OF PROBLEMS CONCERNING :LEAD THAT*WAS NOT RYCYCLED N 1969 (Continued)

ad Was: Not Retycled |

Batterv Lead

, ..,‘,.::sLead-'fCable;S_h,eflt,hthg .

PROBLEM
DEFINITION

1. Antimonial lead is used for
structural and clectrical
parts of {lead-acid storage

~batteries.

Y2, -Lead oxides (usually produted

by the battery'manufacturers)

vgre used for active materials

on battcry electrodes.

3. A typical® automotive battery
contains /10 1bs of antimonial
- lead and''10 1bs of lead
-oxides ‘when manufactured.

-4, Adtomotiverbattery-‘sales'are

~based on a trade-in allowance
‘for the dld batteries.

5, Thus, ‘most worn out batteries
vare-collected by 'sellers of

1.+°Lead is used to ‘sheath under-
“ground ‘power’ and conmnmunica-
‘ti6ns -cables becaise of ‘its

-«Corrosion resistance.

2. Polyethylene and o:her
elastomeric sheathxngs have
‘beern--developed ‘that-hive

v‘ecoriomic’ advantages over
*lead.

-3, ‘Consimption of lead ‘for

" zable ‘sheathing hasdé-
‘erédsed to about 25%'of
“Wwhat it once“was.

4; At ‘the 'end of their
~gervice lives, lead-

“igheathed ¢ables are
sold as scrap.,

cm N
. "Ammmnition Lead
1. Lead s used for most
‘small- arms slugs ‘and
‘shot . ) -

"2, This lead is fited from

'guns ‘at targcts.

-3.7Most ‘targets are ‘out-

‘doors “(hiinting arecas,
“battlefields, ‘trap-
'shooting tanges).

4. 'Thus, ‘small bits'of
lead are scattered over
thousands of square
‘miles of land ‘and water.

5. "Some “lead is’ fired

into backstopped
‘targets at shooting

) ~fiew- batteries. ‘ranges.
“ToNS OF LEAD ' E—— - s s
st o S LB50000 L 298 000 i 75,000
"% OF AVALLABLE ' . S
LEAD .NOT"RECYCLED 28 15 B

1. 'Most! worn-out batteries-are

-collected  in’ economically ‘re-
cyclable ‘quantities as a =~
result ofrmarketing practices
for new batteries.

o
-2, The recycling industry is-set

PROBLEM
“ANALYSIS

up to recycle battery lead
‘effectively.

3.-Logic and®industry opinion
would indicate ‘that only a
few 7 of ‘battery lead should
not bc‘rccyclcd.

4, Yet 28 percent 13 ‘not,
»recycled.

5. This is a¥promising' areain
which to 'increase”recycling
of lead. ’

|

1.' After -an” average service'1life
~of~40 years, lead-shéathed.
“cable is’tearly ‘T00%- sold as

“'scrapaccording to electric
“utilities and phone companies
‘that ‘ ise it

© 2.°Nearly-all this' lead is econ-

‘omically recoverable once it

‘éﬂtefs”thé”feéjcllng*iﬁduétry.

3. Thus bnlv a ‘few % should
" not - be rccvclcd :

4. Yet 757 is ‘mot 'te’éyé'led.
5. This is a? plomising area 1n

which. to increasc rccy-
cling of lcad.

1. Except for some shooting
range armunition, the
‘lead is scattered 'in
tiny bits over' large
land ‘and water'areas of
‘the earth.

2. Each'bit is'worth'ohly a
“fraction of a cent,

3." Thus, ‘collection’of “this

lead ‘(eéxcept from shoot-
‘ing ranges) is com-
pletely unecoriomic.

4, This area has no promise
- 'for-increased recycling
of lead.

[
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TABLE 12 IDENTIFICATION AND ANALYSIS OF PROBLEMS CONCERNING LEAD THAT WAS NOT RYCYCLED IN }969 (Corltirujed)

-

PR e e e

Solders

Rearine Toead

Other Obsvlete Lead Scran

1. Tin-lead mixtures are common-~

1y used as golders.

Lead=-base alloys are ofton
usad as beaving surfaces
for rotating parts.

. Considerable lcad is used for

its corvosion resistance in
pipe, fittings, and shect.

2. Cost of solders is decreased
by increasing the lead content. 2. Such bearings arc used where 2. Some lcad is used in foil
v . the lower friction of rolling and collapsible tubes.
3. High-lead solders are common- type bearing is not neceded,
ly used for auto body and or where cost or environmental 3. Considerable lcad is used
PROBLEM radiator usc, cams, and other factors rule against rolling- as caulking.
DEFINITION non-critical applications. type bearings.
. . Some lead is used in weights
4. In most uses, the lead be- 3. Lead is a small constituent and ballasts.
comes intimately attached in of a much larger system of
small quantities to much lar- other materials in bearing . Some lead is used for sevecral
ger quantities of other uses. - minor uses such as terne
materials (copper, steel). metal, lead plating, anneal-
4. Disposal of smaller lead bear=- ing, and galvanizing.
5. At the end of the useful ings depends generally on
lives of soldered products, the other materials. . Disposal methods vary widely
method of disposal depends depending on use and location
on value of materials other 5. Disposal of larger lead bear- at the end of useful lives of
than the solder. ings _is sometimes based on products.
the lead value. :
TONS OF LEAD 0
NOT RECYCLED
== 56,000 23,000 38,000
% OF AVAILABLE
LEAD NOT RECYCLED
e 86 70 38

PROBLEM
ANALYSIS

In most cases, lead in
solder ends its service life
as minute quantities of lead
bonded to other metals.

Thus, collection of this lead
for recycling usually 1is a
side light to collection of
the other metals to which

the lead is-attached.

. In most cases, economics

dictate that the lead not
be separated from these
other materials.

In some cases it is. separa-
ted and recovered as lead,
often when the tin content
of the solder is recovered
as tin.

This is an area that has
some promise for increasing
the recycling of lead.

Much bearing lead is dis-
posed of as part of a
system that is primarily
made of other metals. (For
example, it does not pay to
disassemble an auto engine
for the small amount of
lead in the bearings.)

When bearings are large and
easily accessible, lcad is
often separated and re-
cycled,

This area is not promising
for increased recycling
of Bead.

. Some of this lead (for

example, foil, collapsible
tubes, terne metal) is

in forms or locations

that make recycling

"difficult,

Some is easily recyclable
(such as weights and
ballasts, pipe and fittings,
sheet).

. Other (caulking, anncaliny)

is marginal as to the econ-
omics of recycling and
depends on specific cases.

Overall, the recycle rate
is relatively high.

This area has limited possi-
bilities for incrcased
recycling of lead.

2|k
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reported in the "other" category. Incomplete reporting by scrap processors and
smelters may account for additional errors. However, it is unlikely that such
errors can account for more than one-fourth of the apparent loss of the battery

lead or more than one-half of the apparent loss of cable sheathing.

Discounting possible reporting errors, the actual loss of battery lead
would still exceed 100,000 tons in 1969. This can be. explained by such possible
loss categories as military batteries, discards into trash collection channels,
"permanent storage' losses in homes and garages, snd similar factors.

The other two problem areas offer limited possibilities for increased
recycling of lead:

e Solders
o Other obsolete lead scrap.

In both of these categories there are wide variations in the types of
applications so that some lead is economically recoverable while other lead is not.
It is doubtfui that more than a minor amount of additional lead could be realisti-

cally recycled in these categories.

Other Problems

Depletion Allowances

One other important pfoblem that directly reduces the recycling of lead
but for which it is impogsible to measure the magnitude of the reduction, is the
subsidy allowed the primary industry in the form of ore depletion allowances. A
similar subsidy for the secondary lead industry would allow higher scrap purchase
prices and processing costs at fixed profit levels and sales prices. An unknown

(1)

additional quantity of lead would be recycled as a result.

(1) See Volume I, General Report, for additional discussion of depletion
allowances. ‘ '

LAGERN Y
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Calcium-Lead.

Aﬁoﬁhérfprbbiemlmhy“arisefin.themfﬁﬁﬁmeﬁtﬁaﬁ;couidﬁsefiousiy affect the
récyclingwof batteryvleads ‘ThiSkiSMa”chéﬁggJfrbmmaﬁtiﬁonigl%keadfto~cgléiﬁm iead
alloys for*strage‘béttéﬁy%pérts..'Tﬁére-isfactivfﬁylih'the‘aﬁeauof.sﬁch'a change, -
but it isximpdsSible*;o»prediét if'and~whénfsuchka~change~will occur’ for the bulk
of automotive batterdes:

1f this~change1d6es+take=placefrapidiy[it~couldﬁserﬁously'inﬁerfere with
recycling; Antimonial léédwwoﬁld*be poﬁiiﬁgeiﬁﬁthhe=smélter?as:éérap; but énti;
mony would have-tohbe~removedcandfcaiéium?addédétb«prévidé*the'ﬁeﬁialIOys required
by the battery manufacturets-. This%cduldxsiowwthe*fléwﬁof metal through the smelters
as they' adjust to- new.-operdting procedures:: Iticould-also cause a-buyers' market
in antimony that-wbuld*maké{it difficult’to~sell<thé:aﬁtimohyg

If this.problembddesxatiseg it?Wouldﬂbe~témpbtaryyin~natﬁreu Within a
few:yehrsﬂthé»céléium?b&btéhiésfﬁbuidibe%eOming%baékqa3nscrap@  The- smelters.
would éettie'doantottﬁéwnéwﬁfbutinekof‘sﬁéiting&caiciﬁmflehd%instead~of anti;

moriial. lead.

i
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LEAD RECYCLINC INDUSTRY PROBLEMS.

There are several problems faced by the lead recycling industry that
have no direct measurable effect on the rate of recycling. Rather, they have
economic effects on the industry,for make operations more difficult. These may
indirectly affect the‘recycling raﬁe. Thesekproblems are:

(1) Declining markéts for lead

(2) Customer prejudices against secondary lead
(3) Battery case disposal

(4) Battery acid disposal

(5) Slag disposal

(6) Battery‘Breaking.

TaBle 13 discusses each of these problems. Included are (1) titles of
problems, (2) definitions of problems, (3) effect on recyéling, and (4) analyses
of problems. |

Two of the‘pfoblems in Table 13 concern the markets for lead:

® Declining markets
o Customer prejudices.

Customer préjudices against secondary lead are relatively minor and do.
not cause a serious problem. It is deserving of little or no attention other than
to say promotional efforts could help erase .any irrational user preference for
primary over secondary.

Declining market segments for lead could have significant affects on
the economics of lead recycling. The secondary smelters will have to find new
markets as tetraethyl lead demand falls off. Equally imporfant, prices for lead

may decline because of this loss of an important market.

na
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/TABLE 13 - IDENTIFICATION AND ANALYSIS OF PROBLEMS. THAT DO NOT:D (1)
." - 'REDUCE THE AMOUNT-OF.LEAD .THAT IS. RECYCLED WECTLY

e e e g =
-.Deelining. 0vernllaHnrket(z) - :.Customer'?rejudices '~’wnht¢éryNCaseﬁbisposal
) The»tetraethyl lead "1 1. Some lead. ugsers claim 1" For eQéfy ton'of”batté;y ?

.market segment is
~expected to decline
to- zero within 10 years.

.that. secondary lead ig

inferior to primary lead. #lead that, is recycled,one-

. - fyurth to one~half ton of :
\Problem - | ' »byproduct Cases “are ptoduced
Definition 2..Cab1e sheathing, type

N metal, and calking lead
markets are expected to
continue to decline
slowly'in'the future.

-« | 2. It 1s doubtful 1if they
-actually:believe .this u2.-These are worthless and
generalization. -] :apossible-source of
-Vead poisoning.

I
g

3. They probably ‘use .this
as- basis for bargaining

. . ————

et ——— S it e e et = e

purposes. : ‘ 3.axhe'§iqusa1_probIEm:is large :
3. Overall,. market growth . ©o«dne quantity ‘of cases, and
. for lead will be very : B ) ;irequires.care in‘'method
small in the future o o -Yof disposal.
N ‘Some.ﬁressufe on.economics  |No significant.effect on ' |- Noi significant effect on

Effect on of recycling but no signifi- |quantities of ‘lead that-are
«Recycle Rate| caut effect on quantities of  ‘Irecycled.. Little cr no
s .lead. that will be recycled. -feconomicreffect.

quéntities of+lead that 'are
recycled. -Slight economic¢
é{féhtfﬁepause,qfﬁdisposal
“eost. . .

1. It is'unlikély that decline |1 . Secondary lead isgnbt' ) 1;§Battcrv;éaséS'causé an un-

o of..the tetraethyl lead inferior to-prinary-for .. ".;asuallv:Farge-and unique
: -»market segment can be 1 -the saiie grades. . ) ) --ﬁdigposélvpfoblém. )
..prevented in face of o ‘ 1 - :
«government. pressure, and . |2..Promotional efforts - :'ut«z Howevef' ‘disposal costs
..policies of .auto .manu- informing. custoners of - ) ‘are not a large percent
..facturers & oll companies. .equal .quality of secondary, of tocal operating cost.
. _ _ - plus-advantages" of : .
- Problem = | 2. It is unlikely ‘that contin- recyc],ingamay(bc:desirable.,_,v3”-~“ndmg -some ‘uses for
".-Analysis s.ued. decline of some other : : ) .Abattery cases would be
: market _segments can; be.pre- . N R Tadvantageous.«
-wvented-where plastics.and : )
wiother.materials have:per-. |- Co é.mThere 1sda ‘Erend: to plastic

- formance and .economic

. advantages over lead ‘cases in pla"e of - rubber.

-1t ispogsible to charge
iithese to'-the-smelting

3, Promotirr and development .
furnaces.-

. .efforts. should . be ;concen~ o
.v:trated. on. market segments: X R o L
.where.lead has advantages. )

4. Algo, new uses and new : S o
alloys or fabrication ‘ !
.methods should be developed ]
to'.create new market seg-’ . . N :
_-ments for lead. ’ ! :

p————— s m———

ia—— ——

e _ = : — - —
(1) - .Problems.advers:ly affect economics or :practices of recycling‘but‘theneffgct.1nygepnﬁgofggmqun;'cmn-no:‘be
. measured. Thia.sltuatfon is° consi{dered, an: ihdirect .effect. ' : o

- (2) .Includes markets.for primary and -recycled metals.

PR |
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Problem.
Definition

TABLE 13
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Battexry Acid Disposal

Slag Disposal

IDENTIFICATION AND ANALYSIS OF PROBLEMS THAT DO NOT DIRECTLY
REDUCE THE AMOUNT OF LEAD THAT IS RECYCLED (Continued)

Ba

ttery Breaking

~
.

1. For every ton of battery

lead that is recycled,
one-fourth to one-half

. ton of byproduct acid is
produced.

This is worthless and can
pollute surface and ground
waters.

. The disposal problem is
large in quantity of acid,
and requires care in
method of disposal.

1. Significant quantities of
lead-containing slags are
produced as a byproduct
of secondary smelting of
lead.

2. These have no economic
value.

3. They are commonly disposed

of by dumping on company premiges.

4. Alternative disposal mechods
may be required at some future
date.

1.

6.

Scrap batteries must have
the case opened to get
the lead out.

Hand and machine methoeds
are used.

Tops are sheared or sawed
off. Or cases are broken
by sledge hammers or
crushing machines.

Manual and hand-operated
machine breaking are unpleasent
jobs, making it difficult to
hire and retain workers.

There is a trend to more
automatic machine breaking.

Some industrial batteries are
i{n metal containers requiring
cutting torches to get the
batteries out.

Effect on
Recycle Rate

No significant effect on
quantities of lead that are
recycled. Slight economic
effect because of disposal
cost.

No effect on recycling. [Little
or no economic effect now.

No

quantities of lead recy:led.

significant effect on the
Some

economic effect because of increasi:
labor cost and investment cost for
equipment.

Problem
Analysis

1. Battery acid causes an un-
usually large and difficult

disposal problem.

2. However, disposal costs

are not a large percent
of total) operating costs.

3. Finding improved disposal

methods would be
advantageous.

1. Slag disposal is a nor&al type
of business activity.

2. No attention need be given
to this problem.

1.

Unavailability of labor, plus
increasing cost of labor is
forcing expansion of machine
breaking methods.

This is causing larger and fewve:
breaking operations.

Continued development of better
and safer machine breaking
methods is desirable.

Sy ap
Au tn, K)



The other four problems of Table 13 involve operations of the lead

recycling industry:
® Battery case disposal
e Battery acid disposal
® Slag disposal
e Battery breaking,

The first three of these problems involve waste disposal. Of these,
slag disposal 1is relatively minor. It could become more 1mportantvin the
future, but has little or no effect on recycling at present.

Disposal of battery cases and battery acid are much more serious
problems than slag disposal. Both wastes can be classed as hazardous because

_of lead content (as sludge). Both are generated in relatively large quantities.
Both warrant attention so as to prevent pollution and health hazards.

Battery breaking is the last problem. It is an unpleasant operation 1if
mechanized breaking equipment is not used. Thusg, labor is hard to find to fill
breaking jobs. Fo;tunately, the recycling industry is making good progress in

the mechanization of the breaking operation, and the problem is being solved.

LA R
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COURSES OF ACTION CONCERNING THE RfCYCLING OF LEAD

Having:identified the.major problems concerning the recycling.of lead,

it is necessary to eva]uate them and select those that are amenable to solutions.
: 1 cre - , pd

Then, courses of action can be developed to lead to solutions for the problems.

Evaluation of Problems

TR

~

The fourteen problems that have been identified cover a wide range of
importance and possibilities for solutions. It is necessary to evaluate the
. PN ceor Az, 3 . Croer o B R . P
differences in order to assign priorities for actions}

¥

Four of the problems can be assigned low priorities readily.

These,
BT e s . \, r
with the reasons they are lov priority, are as follova"
Reason éor Priority
\- -—v . ré‘i" ".\'01‘44
Tetraet yl :lead that is The actions leading tONtne solution of the
not recycled problem are already undervay:
. ‘ ‘H“ el e !Z‘h‘ﬁ, .
(1) Lead: is being removed from
gasoline. ST

(I .;*i N at

T¥e m.s

Ledd o¥ides that are not
recycled

development that”would make it feasible.

R R

Annmnition lead that is
‘not recycled

L

This i§ no more than a minor operating

Slag disposal
. : problem of the secondary smelters.

It is recommended that no further attention be given to these four

problems.

o

No feasible collection method seems possible.

40

The other ten’ problems are all of some importance and a method was

needed for determining which ones are more important.

The method used is based on hou the ten compare with each other when

o v

scored with three criteria'

[ Solution of the problem vill improve the environment

BRI o

[ Solution of the problem vill conserve natural resourcés
'1' - + ¥ o .
" Realistic solutions can' be found

In the context of this report

.

the first of these criteria is believed

- ot RN ..

to be more important than the other two. It is weighted to allow a high gcore

T e T, S

equal to the total of the other two.

Table 14 presents the results of the evaluation of the ten problems using

the’ three criteria. In this evaluation three of the problems have total scores
b} Le B s E oy -

substantially higher than the other seven. They are those involving battery lead

g, - ot ol TReepoen s they Lo

‘:'; A1 et . L
lead cable sheathing, and battery case disposal
These three problems are rated as high priority, and actions to solve

- R AR e PO S R

i S AN} SR N T

them should be fully investigated before considering the seven lover priority

LR P At

problems.
Recommended Actions
. The recommendations of what to do about the ten major problems of the’
ool e CFR L Dudwotee nLebg el 0D Boes b L vee G UCMERE R L

lead recycling industry are’ covered in two parts.

ox B s
(@] High priority actions

(2) Lover priority actions

[ .

The high priority actions should be dealt with before attention is given

to the lower priority actions.
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l t) High Priority Actions

The high priority actions recommended here are important and far-

TABLE 14 EVALUATION OF TEN PROBLEMS RELATED ’
: TO RECYCLING OF LEAD . ) reaching enough to be in the public interest. Thus, participation by EPA is

desirable. Participation by NASMI and its members is also desirable since

Criteria and Scores A . >the préblems and actiﬁns'hfe predominately within the boundaries of the lead
Solution oioll’:;:;;m . recycling industry.
W:flpiggiz‘:e Wil;a(é:::olerve - sc%ﬁ:i::;igm Total Table 15 presents the recommended action programs for the high priority
Problems Environment Resources be Found Scores
(10) 5) ) - lead recycling problems. ‘

Battery lead 10 s The solutions to the first two pr’oblems-- battery lead and lead cable
Lead cabl b . 3 2 s}teathing--involve leéarning the details as to w_hz large quantities of lead are
Se:d ceble sheathing ’ ¢ . 3 ' ) 17 shown as not being recycled. The members of the recycling industry interviewed
B° :rs lead ¢ 2 ! 7 suggest that these are statistical errors based on incomplete or inaccurate
Oe:r “8b e: 2 ! . ! 4 reporting. The U.S. Bureau of Mines does not think such large quantities can be
Dt :: : soete lea‘dMSCfaP ’ 2 . 3 8 accounted for in this way. The Battelle-Columbus method of calculating quantities
Cec e markets‘ ° 0 > 5. (based on life cycles) available for recycling probably introduces some error.
seroner Prel“‘:lices ° ° > 5 These possible statistical errors may mean that the 135,000 tons of battery lead
ja:e:y case disposal 10 0 > 15 — shown as nc;t being recycled is as much as 25 percent too high. If so, about
Bc i5:°531. . ° ° . ’ 10 100,000 tons were not racycled - still a large amount. Table 15 recommends that
petery Dreskine ' ' ° i ’ 6 _ NASMI survey members discover why this lead is not beirig recycled, and based on this
Notes: (1) First criteria is °°“31de'ed_m03t important and is assigned maximum _ determine what actions to take.. A similar recommendation is made concerning 1gad

score of 10. .
(2) Other two criteria are considered less important and are assigned
maximum scores of 5 each.

(€] E:t::?:c::: total score, the more attractive the problem is for The solution recommended for the third high priority problem--battery

cable sheathing. -

case disposal--is to seek economic uses for battery cases.

H 9y
g fnn . -



TAWLY 1¢ RECOMMENDED ACTIONS.

HICH PRIORITY LEAD RECYCLINC PROBLEMS

St
o

pattery lead That fe
Not Reeycled

Lead Coble Sheathing That is
Mat Recycled

Battery Case Disposal

Act{ons
+ Recovmended

. why. 135,000 tons of bLattery

.. made to {ncrcasc the recycle‘

An favestigation should
be undertoken to determine

lcad vere not recycled in
1969, Once this dctermi-
fnatfon has been made,
appropriate additional

;. analyscs and plans can be

rate {f fcasible.

“

An investigation should
be undertaken to determine
vhy 98,000 tons of lcad cable
sheathing vere not: recyled in
1969, Parc of this may be ex-
ylalnnblc by :crrors in report-
4ng by recyele compantcs or the
U.S. Burcau of Mincs. llowever,
it §s difficult to sce hov the
entire 98,000 tons could be
.exploined this way. Once
heeasons<for wwho-low recycle

-krateare d@tcrmlncd, appropei-
‘L ate ‘additfonal actions can be

Disposal of battery
coses provides an excel-
lent subjcet for analysis
of solfd-waste by product
problems. Cases arce
gencroted in large volume,
cannot be burned without
air pollution, are hazard-
ous to health, and are
dirty and unpleasant to
handle.

An {nvestipation
should be undertaken to

- . {plenncd, . find uscs for the c¢ases.
R ’ JIf major uscs can be
found, the generation of
. "I'solid vaste will be great-
A T3y xeduced, and econonics
of battery lead tecycling
. will be improved.
ICIOTEY I i . : T
By Whom EPA/NASMI FEPAMMASMY EPA/NASML
‘l.. Form a épmmitteg of 11. PForm a coomittee of : ’
- . secondsry lead smelters secondary lead smelters L :o:: a c:mq{:tee of
4 :n:dnajcr processors of and s jor processors of i:eI::ZQ r::::;’éro
7. leed scrap. . . * 1
: P lead hc"’ cessors, snd speciaslists
. f2. Commtttcc analyze and dis- . Comm{ttee analyzg and in bresking.
-£uss, the Po:sﬁh)gfand pxq)- dzgeuas Lthe.possible 2, Committee prepare
Specific .‘blvo FSQSP”S for t?‘e 1"3“ _gFeasons «‘01' the low " rather cmprcﬁcnslv¢
. Steps quantity of battery lcad: . xecycle- rate for lesd’ write-up on battery

" that {s not recycled,

3... Survey. organizations

. involved in battery lcad

« Feeycling:
scrap processors
sccondary smclters
battery retaflers

. to deteymine what bacterfcs. .

;are not ‘being rccyclcd and .

why.

4. -Analyze survey results
_to determine if it is .fcas-
" Ible to incrcase “the Yecycle
rate for: battcry lead,..and, Sf
.80 how.
5. ‘{Take. nee&!&ury‘é%tlons ‘(Bascd]s
on 4) to. {ncrease battery
lead reeyeling,

eyt

(1) The rr-pnnslblllty for rocnmncndcd actions: -hovn in thls tnble are baicd on lmportance o{ the
actfon, benefit to the taxpaycers, sund opportunltlc: for NASMI.

" of mattelle.
)

cable sheathing.

3. ,Dlx:uxs with thc
U.S. Burcau of Mipes ’
. possible ‘misunderstandings
. in ;reporting of 1cad
. cable sheathing.
4, Survey organizations
", invelved fa lcad cable

. \ircnthlnc tecycllng-

\ . .serep.processors

- - secondary smelters
- electric vtitities .
‘telephione companies
.sable’manufacturcrs.

. “Aialyze gitvey res
.sults to detcrmine: 1€

)nu and-4f it is, how
.”tp ;u;rcasp ic.

“Toke appropriate. actions
. (based om results of S).

evaluation vith three eriteria.

&)

—

cases:
sizes
materials
condfition of cases
forcizn materials
(lead, acid, dirt),
ete,
Retain reseorch orgenizaticn
to scek uses via

3.

. 4dea gencration by
creative groups

—

. fntervicus with: people
and organizations
pettincnt to the
subject

Q-(. evq);at(on of {dca
for- nev uses

.T(ccowmcndntlon- tor
additional gceions
if any

Investigate techmical
feasibility of

) best idcas for uses

5, . Conduct R&D on feasible ide.

4. .

It is suprested that NASMI contfnuc fts lcnd!nn role {n vceyeling, reconn!:tng that other
organizatfons such as Che .burcau of Miavs S, bevarlant aof Commerce, Council of Fivironmental

They are the best judgmenes

Recommended activns were distributed between hlah prlorlty and lower prlorlty bascd on the

CJ
Py

N

Qualfty, JEW Of(fce of Juformatfion, and State, Lucal, and Federal legislaturcs smse dbe

fnvolved,
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Lower Priority Actions

The lower priority actions that are recommended are neither important
enough, nor far-reaching enough to be of much interest to the public. Thus,
participation by EPA is not recommended. The problems involve primarily
NASMI, its members, other companies involved in the lead recycling industry, and
other organizations concerned with lead.

Table 16 presents the recommeﬁded action programs for the lower
priority problems of lead recycling.

Programs are already underway concerning two of these problems. The
Lead Industries Association hasAan R&D program to develop new markets for lead
to replace declining market segments. NASMI has a program to promote recycled

materials, including lead, as a means of overcoming customer prejudices.

Other Actions

Additional actions involving markets, scrap sources, recycling industry
operations, equipment, and legal requirements are recommended in Volume I, the
General Report of this series. Some of these relate to the recycling of lead.

Refer to the General Report for additional information.
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TABLE 16

RECOMMENDED ACTIONS, LOWER PRIORITY LEAD RECYCLING PRODLEMS

SOIdets .
. Bearing Lead

e Other Obsolete Tedd

Scrap that are

Not Recycled

Declinihg Market
Scements

Customer Preiudices

Battery Acid Disposal

Battery Breaking

A brief investigation’shoula:

‘be undertaken to determine

the feasibility of increas-

develop new markets for
lead. This may include

R&D should be pursued to

Publicify should be used
to inform lead users of

Jthe purity and quality of

An investigation
should be undertaken
to determine present

An invcstigatioﬁ
jshould be under-
taken to develop

Actions . | ing. the recycling of solders,|new alloys or compounds,|{secondary and primary battery acid digpos- |improved methods
Recozmended’ bearing lead, and other Inew forms, etc. lead. Additionally, the |al methods, and to of battery break-
obsolete lead scrap. 1f : public service aspects find improved ing.
! any feasible possibilities lof using secondary lead |methods. ' -
are found additional actions |should be featured--clean,
;‘can ‘then be planned. ; 9P ‘the envirohment, save | !
P ; natural resources.
(D@ S . . ' 1 )} . . ,
By wnom NASMI IS ;NASMI/Lead Tndustries INASMI/NASMI Member _ j|MASMI/Battery INASMI/Battery
‘Association /ILZRO * Companies | Breakers { Breakers
1. set up a c0unuttee of 11. Set up a- 11, Continue general* 11, Set up a 1. Set upa &~
‘secondary smelters i committee of one publicity programs 1  committee of | -committee of v
; and scrap ‘processors. | . NAsMI staff member, .| that promote recyéling] -battery breakers- battery breakers-
I | and 2 secondary : | - smelters, scrap | ‘smelters,. ‘scrap pro-
12 Conmitree, analyze. "h‘t {1 emelters to co- 2. TInaugurate ‘processors f cessors, and
i fs not being recycled / otdinate recycling | Bpecific ptogram to - Gﬁa'epecialiata specialist’s
) i ‘and uhy. i industry interests ; publicize recycling ‘n breaki - In bxenking-
Specific ! I Sz i With Lead Industries | of 1lead. ) {n breaking.
‘Steps 3 3;_Recommend 1 t,&?_ : Associa;ion/ILZRO 42, Prepare a report . Prépare a report
: ; feasible to try to | —activities. 13. Help member on present on present
E increase TECYC11“8 rate . . companies design disposal methcds breaking methods,
§ or not. 12+ Discuss with, publicity ‘and adver- and prodblems. equipment, and
g. . 1 lead Tndustries tising programs. . problezs.
| 4. Survey :ecycling i Association how to 3. Investigate-similar
1 1ndustry, if justified work together to | disposal problems E. Investigate izproved
(based on.3),. to,imore | develop new }gad - J| ‘of other indust- ‘| -methods -of breaking
accurately‘ﬁetermine gﬁﬁkets--funding of 5 ries. /
- what and why of material RED), selection of ) : kN Determine vhat
| not beins recyeled. projects, etc. 14. Discuss improved additional steps
14, methods of disposal| ~to take.
5;.Determine what next with equipzent and )
’ actione ‘to take, materials suppliers
1s. Determine what addi-
i ‘tional actions -
= - =~ e ‘sbould ‘be taken,
(1) The responsibility for recommended actions shown in this table are based on importance of the

action, benefit to the taxpayers, and opportunities for NASMI.
of Battelle.

(2)

evaluation with three criteria.

(2)

They are the best judgmer:

Quality, HEW Office of Information, and State, Local, and Federal Legislatures must -be
involved.

ots

Reccmmended actions were distributed between high priority and lower priority based on the

It is suggested that NASMI continue its leading role in rccycling, recognizing that other
drganization} such as the Bureau of Mincs, Department of Commerce, Council of Environmencal



APPENDIX A

LEAD MARKETS

Uses of Lead

Table A-1 provides a detailed breakdown of lead consumption by use

since 1965.

TABLE A=l. United States Consumption of Lead *

(1n short tons)

1965 1966 1967 1968 19692
Ammunition 657,322 78,435 . 78,766 82,193 79,233
Bearing metais 21,600 21,588 19,561 18,441 17,406
Brass and bronze © 23,699 25,447 20,467 21,021 21512
Cable covering 59,64% 66,491 63,037 53,456 54,203
Calking lead 66,584 63,250 48,789 49,718 44 857
Casting metals 5,046 6,671 10,083 8,693 9918
Collapsible tubes 10,893 11,987 11,299 9,310 12,484
Foil © 4,805 6,041 6,148 6,114 5,881
Pipe, traps and bends 19,837 19,984 20,184 21,098 19,407
Sheet lead 27,569 28,938 26,763 28,271 25818
Solder 77,819 78,898 68,833 74,074 - 72,626
Storage batteries 455,347 472,492 466,665 513,703 582,546
Terne metal 2,109 1,966 1,620 1,427 1,683
Type metal . 33.416 30,421 28,554 27,981 25,660
White lead 8,414 8,131 8,087 5,857 6,617
Red lead and litharge 79,853 89,500 76,589 86,480 79,898
Pigment colors 12,553 13,695 13,041 14,163 14,670
Qther pigments 8,063 8,562 5,473 3,234 1,201

Gasoline antiknock

additives 225,203 246,879 247170 261,897 271128

Misc. chemicals 346 614 609 629 602
Annealing 5,719 5,441 4,202 4,194 4,252
Galvanizing 1,775 1,639 1,854 1,755 1,797

L.ead plating 240 428 632 389 406
Weijhts and ballast 14,135 18.090 15,794 16,768 17,366
Other uses unclassified 19,490 18,289 16,396 17,924 18,289
TOTAL . 1,241,482 1,323,877. 1,260,516 1,328,790 1,389,358

* ﬁ.Sl Bureau of Mines; Minerals Yearbooks, 1965, 1967, and
1969, 'Lead" chapters.

Storage Batteries. Table A-2 gives the percent distribution of numbers
of motor vehicle batteries shipped by category of usage for the 3-year period

1966-1968.
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TABLE A-2. SHIPMENIS OF BATTERIES; U,S. MANUFACTURERS,
. = """ BY USE CATEGORY,. PERCENT,. . . -
- 1966-1968 AVERAGE

Use Category Percent of Total Units
Replacement R ' - 76 ]
Original Equipment o 23 : -
Export .'_ ) 1 )
CTOTAL . L. : 100 -

P oS B T I e ST az

- s T L v B Y EECE N . B .. .
Source: American Association of Battery Hanufacturers,
Yearbook, 1970.

I Yoot : R
Figure A 1 shows lead consumption by battery manufacturers annually
since 1966

1968. ..513,703
1969. ..582, 546 _ e

FIGURE A-1. TOTAL LEAD USED BY BATTERY MANUFACTURERS
Includes primary,;secondary, and
antimonial lead in tons of 2000 1bs.

U.S. Bureau of Hines Hinegals Yearbooks, 1946 to
1969, "Lead" chayters.

Source:

<35
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Figure A-2 shows §he annual production.of lead oxideAby-batte;y

manufacturers éincg 1946,

.:lm W a3k 53 33 ST P 61 43 65 ) e

FIGURE A-2. LEAD OXIDE MADE BY BATTERY
MANUFACTURERS
(lead content)
Source: U,S. Bureau of Mines, Minerals Yearbooks,
1947 to 1969, "Lead" chapters. ’

The-average lives of batteries have been increasing during the last
20 years. Table A-3 shows the average lives for four 5-year periods. This
extension of service life reduces the number of batteries purchased and thus

the amount of lead that might be used if battery life was not increasing.

TABLE A-3. AVERAGE BATTERY LIFE, 1949-1968

5~Year Period Average Life, Months
1949-1953 21
1954-1958 24
1959-1963 25
1964-1968 27

Source: American Association of Battery
Manufacturers, Yearbook, 1970.

A-4 : _ 7

The yield of batteries per ton of total lead consumed increased until
the mid-1950's. Since then it has remained about constant. Table A-4 shows the

number of batteries manufactured per ton of lead consumed for three 3-year periods.

TABLE A-4. BATTERIES PRODUCED PER TON OF
LEAD CONSUMED, 1946-1968

Number of Batteries

3-Year Period Per Ton of Lead
1946-1948 82
1956-1958 92
1966-1968 90

Source: American Association of Battery
Manufacturers, Yearbook, 1970.

The yield of batteries per ton of lead is expected to remain about
constant in the future. However, battery life will probably continue to increase.
Thus, annual lead consumption for batteries will increase somewhat slower than

the increase for motor vehicles in use.

Tetraethyl Lead. Table A-5 provides historical data on consumption of
lead for the production of tetraethyl lead. This material is used as a constituent
of antiknock additives for gasoline.

TABLE A-5. CONSUMPTION OF LEAD IN THE PRODUCTION OF
TETRAETHYL LEAD, 1964-1969

Year Tons of Lead
1964 223,466
1965 225,203
1966 246,879
1967 247,170
1968 261,897
1969 - 271,128

Source: U.S. Sureau of Mines,
Minerals Yearbooks,
_———'___r‘— LU
1964 to 1969, "Lead o
chapters. : 237

fy
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It is expected that tetraethyl lead will be phased out of motor. vehicle

fuels within the néxt- ten years for the following reasons:

TABLE. A-7. DISTRIBUTION OF WHITE LEAD (DRY AND IN OIL), LITHARGE,
(1) The U.S. Government -is currently considering taxing lead content . AND RED LEAD SHIPHEMS,(I) BY INDUSTRIES, 1969
of motor fuels to reduce air pollution. This method or some other . . . (short tons)
actiom is expectéd to discourage lead use. ] _ : ) - - o o

- _(.2) The- auto manufacturers have. taken a stand favoring removal of
lead. from gasolines,

Industry

- (3) The petroleum companies. have recently, introducéd lead-free - - : " - - o
© . fuels, .and. are planning new. refinery facilities to upgrade - White Lead - Paints ) - 5.969 ’
. octane values of . blending- stocks. T Ceramics ’ 67
) . . ’ 2
" Other Oxidés, Pigments; and Chemicals. Table A-6 gives consumption . Other n 2,383
. o o ’ TOTAL - 10,359 |
data. for.lead in nonmetallic:-applications: (except: battery. oxide and tetraethyl. .
: ’ C ' : Red Lead - Paints . o 9,191
lead). : Other : - 12,986 °
- ' : RERE TOTAL 22,177
e ‘ ’ ; Litharge - Ceramics. 21,570
TABLE: A-6: U.S:. CONSUMPTION: OF LEAD! AS' OXIDES, , PIGMENTS; AND: ) OI;bfefi“mSl- . irggz
CHEMICALS, EXCEPT BATTERIES. AND; TETRAETHYL LEAD: . Rubber ) id
(tons) . Other + 110,752,
: o TOTAL. " 135,719
X . ‘966 ] 19687 o 69- ' . - .
1965 . 1966 1967 . 1968 — 1969 (1) Excludes:basic lead: sulfate, figures withheld
- T ) ’ ) ’ "'to avoid disclosing’ individual company confi-
White lead 8,414 8,131 85,087, 5,857 6,617_ . dential data, . .
Red lead. and” litharge 79,853 89; 500 76‘*,_589;L 86,4807 79,898 4
Pigment colors 12,553 13,695 13,041 - 14,163. 14,670 Source: U.S. Bureau of Mines, Minerals Yearbook,
' : 1969, "Lead" chapter.
Other pigments. . - 8,063 8,562 5,473 3,234 1,201 - » e P
Lead plating . 240 T 428 532. ° . 389:° 406

Misc.. chemicals. : 346 614. . 609 629~ - 602 - : o

Source: U.S. Bureau. of Mines,. Minerals: Yearbooks, 1965 to: 1‘9(;’93-, "Lead" chapters. -

Consumption of the major- lead oxides by use is given in Table A-7.

N



APPENDIX B
LEAD RECYCLING INDUSTRY DATA . TABLE B-3. AVERAGE SIZE OF SECONDARY LEAD SMELTERS,
FROM EXTENSIVE SURVEY ANNUAL TONS, BY REGION
TABLE B-1. SECONDARY MATERIALS INDUSTRY--AVERAGE BUSINESS Region Tons per Year
STATISTICS FOR LEAD
Total United States 2,532.8
Average Investment New England 500.0
in Plant and Average Number Average Investment . Middle Atlantic 4,483.9
Equipment of Employees per Employee South Atlantic 2,416.7
East North Central 1,945.7
East South Central ' 500.0
1,652,000 95 17,300 West North Central 3,400.0
West South Central 3,562.5
Mountain ' 666.7
Pacific 1,842.1
)
TABLE B-2. AVERAGE SIZE OF LEAD SCRAP PROCESSORS,
ANNUAL TONS, BY REGION
Tons per Year
Region of Lead
Total United States 731.1
New England 922.7
Middle Atlantic . 1,014.3
South Atlantic 522.2
East North Central 493.4
East South Central 650.0
West North Central 850.0
West South Central 1,376.9
Mountain ’ 377.3
Pacific 676.2
N }‘ )
<o) o -
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SUMMARY

Tﬁe economic recycling of waste materials is a desirable approach to the
disposal of solid wastes. Recycling therefore is of interest to the Office of
Solid Waste Management whose responsibility it is to formulate and recommend
solid waste programs for the United States. This report on the recycling of zinc
provides information and analyses to be used as a basis for program glanning. The
report was prepared by Battelle-Columbus with the guidance and help of the National
Association of Secondary Material 1Industries (NASMI). 1It is based o; a 12-month
study of zinc recycling.

The report reviews briefly the demand and supply for zinc in the
tnited States - both primary and secondary. It analyzes the recycling of zinc -
the operations of scrap processors and smelters, sources of zinc scrap, markets
for recycled zinc, and recycling rates by types of scrap. Based on this analysis
the report presents the problems faced by the zinc recycling industry. Finally,
it evaluates these problems to determine priorities, and recommends courses of
actions to solve or reduce these problems - with the emphasis on increasing

recycling of zinc in order to reduce solid waste disposal problems.

Zinc Consumption and Production

Although zinc is used in hundreds of consumer products, four basic markets

account for 85 percent of the total consumption of zinc:

Percent
Die casting 35
Galvanizing 28
Oxides and chemicals 12
New brassmaking 10

g
5

viid o:

_—
Emaa . b

Recycled zinc, howevef, comprises only a small percentage of total

U.S. zinc productton:(l)

Percent
Primary zinc production 90
Recycled zinc production 10

The Zinc Recycling Industrx(z)

The zinc recycling inudstr} takes scrapped zinc from the point of scrap-
page to a point of reuse€3)The functions include buying and selling, physical
movement, and change of form of the zinc. The scrap materials a;é mostly drosses
and residues from zinc melting operations. The recycled zinc that is the output
of the industfy covers a range of types and purities of zinc and zinc alloys o{
which some are equivalent in characteristics and uses to primary zinc.

The importance of recycled zinc'in the total zinc market is shown by

1969 supply data for zinc:

Zinc_ Source Short Tons of Zinc Percent of Total

Domestic ores 459,000 26
Imported ores 582,000 33
Imported metal 329,000 19
Recycled zinc 378,000(4) 22

TOTAL 1,748,000 100

Figure I summarizes data concerning the recycling of zinc for the year 1969.
The quantities of zinc that were calculated to be available for recycling in 1969 are
shown at the left (light shading). The quantities not recycled are shown next (dark

shading). No galvanized steel or zinc oxides and chemicals are recycled because the

nature of the applications for these materials makes recovery nearly impossible.

(1) Zinc recycled as a constituent of brass is not included.
(2) Home scrap is not included in this report.

(3) For a discussion of the functions of the recycling industry, see Vol. I
General Report. ’

(4) Includes 194,000 tons of zinc recycled as brass.

8
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Oiides & Chemicals

" The zinc.that is recycled is shown in the“pqshaded_gp;tiqn, It is .

apparent that large quantities of zinc are being recycled from industrial sources,

but not from other sources. The recycled zinc is then marketed for several

applications as shown on the right of Figure 1, namely, slab zinc, zinc dust,
alloys, and oxides and chemicals. Overall, the recycling of zinc is at a very
low rate with less than 15 percent of ti\e amount theoretically available bé{ir{g

recycled.

Problems of Zinc Recycling

The probléu:;s of zine récyciing are of two types: (1) those that

directly reduce’ the recycling‘of. zin;:, and (2) those that do not directly reduce

the reéycling of zinc. Those in.the first 'category are proiulems because they

reduce recycling in measurable quantities. Those in the second because they ad-
versely affect economics or practices of recycling but the affect in terms of

i . '

amounts of zinc can not be measured.

Table I presents the 6 i)roblems that directly reduce recycling. They

are classified by the type of zinc s'cr'a'p to be ré}:ybie&. The problems in each
category is the very sizeable amounts of zinc that are nét recycled. In some in-

stances there are real reasons why the zinc cannot be recycled.

-~

Table 11 presents the three problems that do not direccly reauce the recy-

c.ling:of zinc.

broblem ‘of the recycling industry.

The'first two ar'e market problems and the othe; one is an Qperati,ng



TABLE 1. 1DENTIFICATION AND ANALYSIS OF PROBLEMS CONCERNING ZINC THAT WAS NOT RECYCLED IN 1969
Scrap Categories Where Some Zinc Was Not Recycled
Galvanized Clippings Flue Dust Zinc Base Alloys

1. Fabrication of galvanized 1. In smelting of zinc and 1. Nearly all zinc base
sheet and strip gives trimmings brass, some zinc is evaporated. alloy scrap is in the form
that are scrapped. of die castings.

2. Much of this zinc is now

2. This is recycled as steel recovered by air pollution 2. The die castings vary in
scrap with the zinc still on control equipment. size from fractional ounce
it. to a few.pounds.

3. In most cases, the material

3. This zinc is lost out the is high in chlorine content, 3. The die castings often
stack of the steel furnace and is quite fluffy. contain inserts of steel,
or is collected by air brass, or other materials,

Problem pollution control equipment 4. Because of the chlorine and
Definition and dumped. low density, 1t is difficult and{4. Over half of the die castings
costly to recycle. are in autos.

4, The zinc often corrodes
furnace refractories during 5. Thus, only 15 percent is 5. Most of the remainder are
steel melting. recycled, also attached to large

amounts of other materials

5. Thus, none of the clip- in home appliances, mach-
1ngs are recycled for zinc inery, farm equipment, etc.
content.

6. There has been no economical
method for separating most
of the die castings from the
other materials,

7. Thus, less than 10 percent
of the zinc base alloys are
recycled,

(1)
Tons of Zinc 50,000 17,000 320,000
Not Recycled
Percent
of Avail-
able Zinc
Not Recycled| 100 85 91

1. Galvanized clippings contain 4 1. Flue dusts from zinc and 1. Zinc in die castings has low
or 5 percent zinc and 95 or 96 brass smelting usually con- impurity levels.
percent steel. tain 40 to 50 percent zinc.

2. Inserts of other metals can

2. The materials values per ton 2. Each pound of dust contains be easily removed.
are about: 5 to 7¢ worth of zinc.

Steel - $30 ) 3. The difficulties involve
Zinc - $12 3. An economic method of re- economical separation of the
Total $42 covering the zinc would die castings from the larger
increase the recycling of products (autos, appliances,
Problem 3. Only about $30 per ton of zinc. etc.) of which the die cast-
Analysis clipping is now being paid. ings are a part.
4, Also, it would provide ad-

4. An economic method for sep- ditional incentive for strict | 4., Larger, easily-accessible die
arating the zinc from the air pollution control measures.| castings can be removed by
steel would increase the hand.
value by $12 per ton--a 40
percent Increase. 5. Smaller, nonaccessible die

castings can be removed by

5. In additfon, it would reduce disintegration and separa-
corrosion of steel furnace tion equipment such as auto
refractories and make air pol- hulk shredders.
lution control easier.

6. Separation from ferrous metals
is easily accomplished mag-
netically,

7. Separation from nonferrous
metals is much more
difficult,

8, More economic methods of sep-

aration of zinc from nonfer-
rous scrap would increase
recycling substantially.

(1) Does not include steel furnaces.

(2)

This i3 total quantity of zinc that weré originally used.
has been washed away (maybe 50 percent) and would be yirtually impossible to recover.

as .
» ¥

Fanl W

By the time of scrappage much of the zinc



.n" " TABLE I. IDENTIFICATION AND ANALYSIS OF PROBLEMS CONCERNING ZINC THAT WAS NOT" RECYCLED IN 1969
R (Continued)
N - e e e
L ee g L 1o m‘Scrqp;Catcuorﬂgﬁ‘ypqujgpmq‘Zinc Wau Not Kecycled

:0ld Galvanized

>+ Ox1desand -Chemicals

“other Obsolete Scrap

1. "Old gdlvanized ‘metal 1is 1. .Close-to“half of‘therzinc 1..-0Othet-obsolete zinc scrap in-
»~gerapped in-a.great’ variety ‘oxidesand "cheimicalstare c¢ludes rolled zinc (used in dry
. - of formss-buckets, tanks, ‘gscrapped ag'constitdents --¢ells), zinc dust (used in paints).
“bridges, ‘fere¢ing; -autos, of rubber:products, ~iand a“variety. ofvminor N
“swfarm-8ilosy vetc. . : * uses.
R 2. - 'Most. of: the ‘remainder-are
2. “Much of thé¥zinc-has been “scrdapped-asconstituents 2. Recycling of 'this -zinc is
. éstroded 'dway while pro- of“paintsy.;papers, ‘textiles, ‘generally not' economic because
‘tecting:the ‘base metal ‘and.;chémicals. it 13 in very small and contam-
~“during the-dseful lives of - “inated pleces (such as dry cells),,,
N -the ‘produéts. The zincé*has |3.. -Zincioxides:and chemicals or ts intimately -mixed with'and
‘Problem _*béen 'washed“‘off into-the ++are-nearly:alwaysva 'minor attached to other materials
- pefinicion "+"ground ot itito’fewers and “petcentigé  of-these products. ~(such as in paint).
47 gtreams, . ’
. : - 14, Theser’productstare genérally I 3. Thus, only a.small percentage of
3% l?'the*ptbducts are récycled, nbt'recytled. this ‘zinc scrap is recycled,
it {s as* theﬂbase metal, not .
~ as“zinc, 5.. It 1g* not*economic to recycle
) . :“theszinc in these'products
4 'ﬂThus; n6-old -galvaiiized
: zgine 1is recicled It is 6. . Thus, no*zinc oxides or
~wasted in* the flue~gases of - themicals'are"recycledX
£ ' {fon-‘and ‘steel furnaces if
- not-washedlaway in use,
Tons ‘of Zinc | - 390} 00&2) 1905000 @ 122,000
_Not ‘Recycled '
*Percent |
* of Avail-
~able Zine
ollet TReCyee . e 9“
1. li“dost ‘cases, the percentage |1. -Economic.recovery of zinc 1. 'Dispersion and dilution of most
of -2inc¢ {n old galvanized ‘- oxidesVand chemicals from * forms of other obsolete scrap
-'products is too~small to be scrapped’ rubber products prevent economic recovery.
‘:ecbgomicallyﬁéepﬁtdted. “wmight beip65s1b1e if economic N
S ‘recycling of:rubber is accom- 2. ‘Opportunities for lncreased re-

Problem
Analysis -~

2.

3

... gases by-air.pollution'con-

4,

5.

6.

*n'éyeling of zinc.

7.

: 1good air polldtion control

5 fdi*the-flue dust)

Thus, it {is ‘more’ptactical
' ‘to‘téeycletthe zinc with' the
' ~gteel” Scrap.

it the “fron of steel-furdace,
‘thezinc“evaporates'and can
be collected*from the flue

‘tFol "equipment.
: the-zinc is
<mixed with {ron oxide and
*“other materidls.

*Ziné ‘¢ontent*can’ range~from
'under 5°percent to-over 25
“percent. -

~E¢onchic’. tecovery -méthods
‘for*this" zinc ¢ould. sub-
=gténtially/{fi¢réase the re-

10 "gddetion; 'the ‘incéntive
“would be increased to install

- .equipment,

-

plished,

2.1 “Anothetpossibility 1s- recovery
* of “zinc' asi:flue-dust 1f scrapped
© ¥Yrubber-can“be: butned as fuel.

3. "Recovéry of. zinc oxides.and
‘"¢hemical’sifrom:most -other 'pro- °
“dicts will~rémain uneconomic
~-becaiise” ofvd{lution:and dis-
" pérsion’in-use,

4, “Ecotiomic'rubber. recycling

" ‘methods could allow.zinc recov-

the recycling of:zinc.

.ery;’ and: suibstantially ‘increase .

cycling:-are strictly limited,

R R SN



TABLE II. IDENTIFICATION AND ANALYSIS OF PROBLEMS THAT DO NOT DIRECTLY

REDUCE THE AMOUNT OF ZINC THAT IS RECYCLED

)

(2)

Declining Overall Markets

Customer Prejudices

Air Pollution Control

Froblem
Definition

Zinc's largest market segmente-
die casting --has not grown
since 1965.

The consensus of industry spokes=-
men is that little or no growth
will occur in the future--perhaps
there will be a decline.

Other market segments are
expected to continue present
growth rates in the future.

Some zinc users claim that
recycled zinc i{s inferior
to primary.

This is seldom true.

Some users will be using re-
cycled zinc without knowing it
because they buy from a

primary producer and think

this means they get primary zinc,

Most zinc smelters use chloride
fluxes that make flue gases
extremely corrosive.

Collection of solid pollutants from
flue gases is difficult with bag
houses because the chlorides attack
the fabrics.

The collected dust is high in zinc
(40 - 50 percent), but of low value
because of high chloride and because
very fluffy and hard to handle.

Investment cost for equipment is
relatively high for small smelters.

Effect on

Kecycle Rate

Perhaps slight pressure on economics,

but not important.

No significant

effect on quantities recycled.

This has some effect on economics of
zinc recycling--causing price dis-

counting,

No significant effect: .

on recycle rate.

Pollution control measures effect economics
~of recycling moderately by adding to invest-

TTX

ment and operating costs of a smelter. No
measurable effect on quantities that are

recycled.

1. Competitive materials (such as 1. Recycled zinc is not inferior to 1. Air pollution control problems of zinc
plastic moldings, aluminum die primary zinc for the same grades. smelting are rather severe and
castings), and redesign of ’ require costly equipment,
products to reduce need for 2. Promotion of equal quality and
decorétive die castings are desirability of recycling could 2. Some smelters may have problems providing
reducing the demand for zinc help overcome prejudices. investment capital for air pollution
die castings. control equipment.

_?roblem 2. Development of improved designs 3. Aid i{n borrowing money may be needed.
Analysis and fabrication methods to re-
duce ccsts of zinc die castings
could prevent loss of markets.
3. Also, development of alloys

with greatly improved prop-
erties could gain new markets
in new applications (such as
replacement of brass in valves
and other plumbing products),

1) Problems adversely affect economics or practices of recycling but the e

is consicdered an indirect effect.
(2) 1Includes markets for primary and recycled mctals.

ffect in terms of amount cannot be measured.

This situation



Recommendations

¢

The nine. problems. were assignedipriorities:based on three factors:
B . : i
e Potential for -improvement: of the. environment
) -POCentiaivfor«conserwatipnvofqnatgpalprespunges,

e . Possibilities for. realistic.solutions:.

On this basis, three of the.problemsiwere classified as. high, pr.iOrfty,
and the other six.as: lower: priority.. Tabﬁehlll;giyesarecqmmgndedfaéciOns for
Othe high priority problems. - Table~Iv~giueSLIecoﬁmendatipns:for the lower
priority problems... '

The qﬁespion;of;whowtakeszactionxisgdifficﬁbt,toaéhawgr és this timg;
Battelle suggests: that NASMiAand:EPA-COntinuegtheir.léédership‘iQIWQrking on |
solid waste programs, recogﬁiiing thatgmanyep;her.Federal,Coyennment agencies
such as the Bureau of Mines, Céuncil Qf.ﬁnmirpnmgntaanualitx,.aﬁd:Department of

Commerce, as well as: state and local agenéiésu“will be .involved.



TABLE I111. RECOMMENDED ACTIONS, HIGH PRIORLITY ZINC RECYCLING PROBLEMS

Acslons
Recommendcd

Zinc Base Alloys

0ld GCalvanized

Air pollution Control

R&D should be undertaken
to develop economical methods
and equipment for the mechan-
ized separation of zinc, alum-
imum, copper, and nonmagnetic
stainless steels.

R&D should be undertaken
to develop an. economical process
for recovery of zinc from flye
dusts. (In addition to steel
and iron furnaces, this should
include zinc and brass furnaces.)

An investigation should be
made of the need for financial
help by smelters in meeting,
air pollution standards. Also,
methods for providing help 1if
needed.

By Wh

(1)(2)(3)
om |

EPA/NASMI

_ EPA/NASMI

EPA/NASMI

Specific
Steps

1. Form a committee of
scrap processors,

2. Committee analyze the majot
sorting problems for non-
ferrous metals

e types of metals

e forms of metals

e quantities, etc.
) e etc.

3. Committee analyze the major

sorting methods now in use:
e hand picking
e heavy media
® sweating
e etc.,

4. Committee review problems
and methods with major
equipment manufacturers to
determine if economic sort-

ing methods can be installed
with present equipment.

5. If so, prepafe guidebook of
practical installations. .

6. If not, undertake R&D to
develop methods and
equipment necded.

l. Form a flue dust committee
representing zinc smelters,
brass smelters, steel mills
(using high-zinc scrap
charge), iron foundries
(using hign-zinc scrap
charge).

2. Committee survey other smelt-
ers and mills to determine
present flue dust:

e Trecovery methods

e composition of dust
e disposal of dust

® etc,

3. Committee analyze present
recycle methods and econ-
omics for zinc flue dusts.

4. Initiate R&D on promising
approaches with goal of
developing economic pro-
cesses for recycling most
dusts.

1. Establish a committee to
conduct the investigation.

2. Committee survey the zinc
smelters to collect data
concerning status, methods,
and problems of air polluticr
control. Emphas{s on econ-
omic impact on smelters.

3. Committee to develop finan~
cing plans to meet {investcer:
needs of smelter for air
pollution control syste=ms
where hardships occur.

Committee present data

and recommendations to
EPA and legislative bodies
concerning needs--fast

tax writeoffs, guaranteed
loansg, etc.

(I'} The responsibility for recomnended actions shown in this table are based on importance of the

action, benefit to the taxpayers, and opportunities for NASMI.

of Battclle.
(i? Recommended actions were distributed between high priority and lower priority based on the.

evaluation with thrce criteria. -

{3) 1t is suggested that NASMI coutinuc its leading role in recycling,

They are the best judgoents

recognizing that other

organizations such as the Burcau of Mines, Department of Commerce, Council of Environmental
Quality, IEW Office of Information, and State, Local, and Fcderal Legislatures must be

» {nvolved.



T e TABLE IV. RECOMMDIIED ACTIONS, LOVER PRIORITY ZINC RECYCLING PROBLDNS S : ‘ P

" - _ — — ma — - " " s
S P Calvanized Clippings .Oxide and Chemicals R ! -Otbex. Obeclets Scrsp Oectinfog Markets —l Cnlu-_-‘n Prejudices
oo .o .. néD should Be undertaken. R&D should be mnutn ; ='An {nvestigatton should be s 5D should be continued to Publicity -no"uu u‘.:‘.‘
B .= .| te.develop a0 econcmical 'p _to develop proc. for the. de of the' lmlllllty el oo develop higher-performence sloc to l-nlon users of r:z{:
N . [ for the recovery of sinc from fecovery of materials (rom tires jcycling edditional quant: aslloys that can gain vev sarkets zinc that (t f» m‘ L] )
galvantsed elippings. - - | 4nd other rubber products. - of other obsolete stuc sirap== for sinc die castings. quality to reimery xinc.

lnel-dtd are the rubber, sinc ., nu dust, etc. ) Tie publicity to saving the .
ontde, sulfur compounds, carbon - . : envivonment and saving setural
black, fibers, and steel wire, resources.

- Or, davetop -thod for vatog

014’ tubber ss fuel and recovering
by-products of combust fon.

o mall) 22 T s . s ) m ’ RASHI/Ztne Mnstitute | NASMI/KASMI Member Compasies

. , Quary MAT Chemicals m . . Investisate present. . 1. luu set op comutttes of 1. BASMI set up committee 1. NASMI continue geers]l pro-
. * concernicg its h.-lvnl-lu . ““gtatus of old rubber serap’ rneu-on. . of cos NASHI steff mweber - wotion of recycling coocepe.
process. . . resycling: - and two dle-casting elloy .
ot . ) ® quantities availedle . c—gnp ssalyze what sime pl‘odnﬂu to coordinate : 2. RASM1 aed sppropriaste
< 1t looks good and s soon e .pradent recyclieg tap ‘{8 nOL now recycled recycling industry interests |- mewber companies stert »
) to be. commercisliced, O sctivicies N why. .. vith Zfac Institute R&D . specific program.to pro- &
. RASHI stop actioms, i ® D undervay, iy . unvluu. . .. :  -mote vecycled sinc. .
. M i o eté.. 3. - CommitEee decide whether or . ) -
. . 1f not to be soon commarcials . . . - Bot it would. be feesible ‘2. m—utn nle-u -us Zine M
L LT[ T tzes, determine why and whet! 2, Undsitake MAD to develop . to try to ipcresse r«nh : , listitute how to work.together
Specifie |’ eadictional work needsd, ; " economic mathods, for re- ‘. tate for sows of this scsap: . |- - to develop new rinc die-casts
Stepe’ ¢y¢lu; aold wbbel. :

ing sloys, memufacturing:
ds, and

. b: 1 promtsteg, encoursge further | ) s A, If-fesstble (3 abowe), fnvest-

developmeat end: commeceialt- k3 igate wore closely what needs. | funding, etc. .
tatica of the M&T process. ~ |: to be.done to tacresse - . -
recycling. - - H
B. If eot pu-l-:u. initlate en .
unprm-uunop aownd . |: . . - N ‘-Mutlﬂa uqulnd te . 3
i ond’ecooomic degalvantiing’ . . incres - . i
© proce: i '

5 . - v ) .- -~ - J% - e A ST

(1) .The r ,t' ‘Mllty ‘for recommendéd’ ac:ivm shown in thh nble lre based hpornncerof.:‘thn" -
- _lcuon benefit to the uxpnyan, and" cpportunltlu for NASMI. ‘l'hey are the best’ jud'penn
of' Battelle.

@) Recormended actions were distributed between Mgh priority and lmr prtorlcy based’” on the'

svaluation with threc crucria.
. (3)- It 13 suggésted that NASHI continue it
organinuons ‘such as :M Bureau ‘of "Mi

mwlved ¢

A




INTRODUCTION

In June, 1970, Battelle-Columbus undertook a research program for the
National Association of Secondary Material Industries, Inc. (NASMI). This work
was carried out under a subcontract from the Office of Solid Waste Management

grant to NASMI. This report on zinc is one of a series of eight commodity

reports plus a general or summary report.

Background

Tﬁe Office of Solid Waste Management i{s responsible éor formulating
and rec&hmending Federal Government policies in the area of solid waste pollution.
This includes pursuing appropriate research to determine the status and problems
of solid waste activities, and to develop programs to recuce solid waste pollution.

One approach to the reduction of solid waste pollution is to reclaim
waste materials for reuse - the recycling concept. A well established industry--
the secondary materials industry--exists to accomplish this recycling., NASMI is
;he trade association representing the nonferrous metals, paper, and textiles

portion of this industry.
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.companies have performed their difficult and essential functions well in the .

The scrap processors; secondary smelters, and other companies that

nake up the secondary materials industry have developed effective channels and

methods for recycling nearly all waste materials of economic value. These

traditional economic environment.

More recently additional dimensions have been added to this traditional

economic environment. These new dimensions are (l) imgrove ment of the environ-

seat in which we live, and (2)»increased need for conservation,of natural

rg;ngrggs. These new dimensions provide new chsllenges and opportunities for

No longer is economic gain the sole driv1ng force for

+
¥

Social gain has been. added in the forms of

the recycling industry.
recycling of waste materials.

improved living conditions snd preservation of ‘Tesources £or future generations.

In an economics based nation this creates problems of interpretation and

evaluation of noneconomics based gosls and sctivities.
R & - |

The purpose of this series of reports is to. identify obstacles to the

recycling of solid wastes, and to recommend directions for investigation and

research to overcome these obstacles.
Objectives

The objective of the study on which this report is based was to
{dentify opportunities‘for £h2 increased utifieation A? ;slfé'é;;céi The majo;
sub-objectives were:
(15 To determine the structure and functions of the secondary
materials industry, and its relationships to sources of
supply and markets

(2) To identify and evaluate problems of -recycling - materials,

sources, industry, and markets, and

(3) To determine opportunities for increased recycling.-

' types. of activities.

Scope

The major subjects included i the scope of the study are the secondary

materials industry, the materials it recycles, the sources of solid wastes, and-

" the markets for recycled materials. Activities'periphersl to these msjor-‘

‘subjects are considered where pertinent to recycling.

The materials in;luded in the study are:

Aluminum Rickel and Nickel Alloys

Copper and Copper Alloys Precious Metals (Silver and Gold)
lead Paper
Zinc' Textiles

Research-hethods

The methods and procedures used in. the study are discussed under four

They include (A) literature search,

(B) extensive survey,

(C) in-depth survey, and (D) analysxs and synthesis.

xLitersture Search A: - -

-The-literature search included revieving and‘studying books, Government

reports industry reports, and trade journals covering solid waste handling and .

.

problems,‘recovery and market data, atd recycling of’ valuable materials.

The results of this effort included the: accumulation of data and
descriptive material, and an organized bibliography dealing with each of the

commodities covered in the scope of the study.




.Extensive Survey

The extensive survey of the secondary materials industry consisted of
a mail survey and personal interviews with management personnel of companies
involved with the collection, processing, and sale of ;econdary materials.

About 600 responses were received.

The information developed through the extensive survey included dollar
sales, tons of major materials handled, types of solid waste processed, sources
of.matetials, investment, equipment and facilities, number of employees, the
amount of space used, and the grades amd quantities of secondary materials
produced.

The data from the extensive survey provided statistical tabulations of
the regional distribution of the secondary materials industries by type of

commodity in terms of numbers of establishments, volume of business, and numbers

of employees.
In-depth Survey

The in-depth survey of selected members of the secondary materials
industries, their suppliers, and the users of their products served to identify
the major technical and economic problems facing tho;e companies involved with
second;ty materiél utilization. -

About 200 interviews were completed. Battelle

and NASMI commodity specialists jointly selected the companies to be interviewed
in depth.

Interview guides for each of the commodities were prepared. The
problems and potential solutions for greatest recycling and waste utilization

that were developed from the literature search and prior Office of Solid Waste

290

EAS

Management work plus the knowledge of the NASMI commodity specialists provided
the basis for designiﬁg the interview guide. Sample guides are reproduced in

the Appendix. )

Analysis and Synthesis

The analysis and synthesis step was concerned with the collation and
analysis of data and information derived from both the literature, extensive
survey, and in-depth survey. The analysis and synthesis activity covered the

following tasks:

(1) Economic Data on the Secondary Materials Industries. The

economic data developed through the extensive survey of the
seccndary materials industries were tabulated and analyzed as
to the amount and type of solid waste handled and as to
operational data such as number of employees, amount gf

space required, capitalization, and geographic locations.

(2) Flow Diagrams and Life Cycles. Flow diagrams were developed

to indicate the flow of materials from primary production
andAscrap sources through fabrication. Life cyclé estimates
of various products were used to develop data on quantities
available for possible recycling.

(3) Demand-Supplv Relationships. Estimates were made of future

demand and supply levels for secondary materials. The rela-
tionship between these data provide an indication of potential

surpluses or shortages of recycled materials through 1980.

(4) Stability of Flow and Consumption. This analysis is closely
related to the supply-demand analysis described above and

identifies the ability of the various secondary materials to

<ol
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" “compete as source materials for manufacturers.-
»

(5)

the identiflcation of potentially recoverable solid wastes, -

6)

(€]

(8)

Direct Imgacts of Technological ange.

A numbex o£~~”
factors were examined such as price changes in the secondary

materials, the availability of materials, and the effect of

sudden changes in tnelmegnitude of demand. B : ;:T

Direct technieal-and

technological factors were examined to determine their effect

on rg:es of processing and recycling. Potential changes that

could take place in technology that could decrease or increase

the rate of solid waste recovery were examined. This includes

the problems llmiting the recovery to current levels, and the

possibilities of technlcal advances through the use of known
technology or through added sclentific and engineering research

Constraints on_ Expansion of the Secondary Haterials Industries.
LT NP YIS TRt e

Thls analysis included consideration of elements critical to

expansion of recycllng - labor and management avallability,

laws and regulations, equipment availability, nature of ‘solid
waste materials, market needs, etc.

Potentials for'Expansion of the Secondary'Materlals Industries.

] Based on the constralnts identified in the above task, plus

- R R Y T Aewr

examinatxon ‘of varxous methods for overcoming constraints,

L5 T

this task determined the ability of the secondary materials
industries to meet new opportunities for recycling.

Indirect Technological Change. The broad overall technological
trends indirectly affecting the secondary materials industries

were examined, and their probable inpocts determined.

cue

THE ZINC INDUSTRY .
- . ~ This first section of the report provides a brief description of the
zinc industry--the overall framework of which zinc recycling is a part. Included
are the characteristics,ot zinc--primary and recycled, and the. characteristics

of the zinc industry--primary and recycled.

Characteristics of Zinc

.Ihe mojor forms of prinary and recycled zinc that are produced are:
» Slab zinc
Zinc dust
Zinc die casting alloys

Zinc oxide. : -

Grades of ‘Slab- Zinc -and Zinc Dust

Slab zinc is produced in six standard grades which range from about 98.3
to more than 99.99 percent zinc.

The speclfications (ASTH designation: Revision' B6-62T) for primary slab

zinc provide that the zinc be made from ore or other material by distillation or elec-

trolysxs, and not by ! sweat1ng or remelting of scrap The grades and’ max imum

impurities are shown in Table 1.
Zinc produced from newly mined ores is termed primary or virgin zinc.

When zinc is produced from scrap or residues, it is termed secondary redistilled

or remelt zinc dependent upon the process utilized for recovery. Primary zinc is

referred to as EIectrolytic or distilled zinc according to the reduction process

used.
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. . < . Yy ) " Specifications for zinc dust have not been adopted bytthe industry, but -
- \ . *Y, but

chemical purity and particle sizes are closely controlled to particular customer

requirements. Commercial zinc dust ranges from 95 to 99.8 percent zinc with the

TABLE 1 v balance being principally oxidized zinc plus impurities of lead and iron. A

(;RADES OF SLAB ZINC representative particle size gradation would be 100 percent minus 100-mesh and

— percent(l) ﬁ:i::? 25 percent minus 325-mesh although some specifications call for more than_
Nome — axte 2 e Toral Ziee(2) 97 percent passing a 325-mesh screen.
Special high grade 0.003 0.003 ~ 0.003 0.010 99.99 Zinc_Die Casting Alloys
High grade 0.07 0.02 0.03 0.10 99.90
termediate 0.2 0.03 0.40 0.50 99.50 Zinc die casting alloys are any of several zinc-base alloys in which
aluminum and copper are the principal alloying elements. The most widely used

Brass special 0.60 0.03 0.50 1.0 99.00
Peine Weatern L 6o 0.0 0.05 B 98.0 of these alloys have compositions described by ASTM Specification B 86, -63 alloys AGAOA

and AC41A (die castings) and ASTM Specification B 240, alloys AG40A and AC41A

(1) ASTM Standards, B6-62T. C

i . h i i .
(2) Difference, by deduction of listed allowable impurities. (ingots) These specifications are shown in Table 2.

NOTE: Analysis shall not regularly be made for tin but when used for die castings, .
if found, by the purchaser, tin shall not exceed 0.001 percent. Greater TABLE 2
amounts may constitute cause for rejection.

ASTM B 240--63-STANDARD SPECIFICATION

Where it is specified by the purchaser at the time of purchase that the FOR ZINC-BASE ALLOYS IN INGOT FORM
special high-grade zinc is to be used for the manufacture of zinc-base, FOR DIE CASTING
die-casting alloy ingot, the maximum permissible tin content shall be
0.002 percent and the maximum permissible lead conteant shall be 0.005

percent. AGAOA AC41A
Analysis shall not regularly be made for aluminum. When used for the manu- Composition Alloy Alloy
facture of rolled zinc or brass, aluminum, if found by the purchaser, shall
not exceed 0.005 percent. Greater amounts may constitute cause for Percent XXI1I XXy
rejection. Aluminum 3.9 - 4.3 3.9 - 4.3
Copper .10 Max. .75 - 1.25
Magnesium .025 - .05 .03 - .06
Nickel o -~ ~--
Iron .075 Max. .075 Max.
Lead L0046 " . 004 v
b Cadmium . .003 " .003
’ Tin .002 ™ .002 "
. Zinc k] *
A4\_'4 ==
* Rewmainder. LT 4



Zine Oxide . o e e v
. - Zinc burns inp air to fom the white powdery zinc oxide used widely in
pigment.s and rubber. Table 3 presents ASTH Specifications (D 79-64) for- © -
‘American and French process zinc oxide. ) i
TABLE 3

ASTM SPECIFICATIONS FOR AMERTCAN AND FRENCH
" -PROCESS ZINC OXIDE - -~ -

Americsn French
Percent Process 1)~ Process(z)

Zinc oxide Hiuimtm - 98.0 - 99.0
Sulfur . Haxiu:um 0.2. . 0.1 .
Moisture and other . o

volatiles ) ", 0.5 . 0.5
Total impurities . o - 2.0 B O T

- Retained on 325-mesh , . o e .
(44-micron) sieve ) " . 1.0 -7 1.0 .-

(1) - Produced directly _from ores. ) ST
(2) Produced from slab zimc or zinc scrap

. Characteristics of the 2inc Industry

The zinc mdustry 1nc1udes the institutions and activities requued to

process zinc~-containing raw matenals to produce zinc metal oxides, and cheuncals. .

" Included are several types of companies: . B

Type of Company’ _Activities
Integrated producers -~ mining, concentrating, smelting and
refming
Minérs - mining, concentrating of ores ’
Smelters - smelting and refining from ore

Secondary smelters - Jdistillation, smelting, and refining.
. from scrap, and production of die casting

. alloys
Scrap processors - ‘collecting, sorting, ete., of scrap
Lo el N
Tt

‘Miterials Sources . . .. el e - L

11.5_ »' -

w . —

"l'he u:s. zj.nc industry depends on the following sources for zinc.

el ) : .
. mterials 1969 Consumption
(zinc content, tons)
: Domestic ores- - . . L 459,000
Imported ores .. - 582,000
PSR Imported métal . . 329,000
; _Recycled zific - * 378,000(2)

Hateri.als Flow

The 4 sources'of zinc raw mster:l.als’{shown above, plus the U.S. strategic

stockpile supplied.the U. S. zinc market in Figure- 1 provides a materials
flow balance based on these 5 sources of zinc. Althouéh scrap is a major source
of zmc, over half is alloyed with copper and is recycled as brass. Thus, it is

not zinc' scrap, but only a constituent of copper-bsse alloys scrap.

The use pattern of Figure 1 shows the heavy dependence of zinc on die )

casting (zinc base alloys) and galvanizing for'vits markets. Oxides are also large-

because zinc oxide is uged in rubber tires.

Zinc Producers

“Production of slab zinc in the United States has been dominated by seven

producers with over 85 pércent of the total (includes primary and recycled).(3)

Percent Percent
st. Joseph Lead Co. 17 New Jersey Zinc Co. 12
The Anaconda Co. 16 American Zinc. Co. 11
American Smelting e Bunker Hill Co. 8 .
& Refining Co. 14 ~° 7 American Metal Climax 8

(1) U.S. Bureau of Mines, Minerals Yearbook, 1969, “Zinc" chapter.

(2) Includes 194,000 tons of zinc in copper-base alloys. This is nearly all
recycled as brass and bronze rather than being recovered as zinc.

(3) Based on 1966 production, from "Economic -Analysis of the Lead-Zinc Industry",
April 1969. Chas. River Associates Inc., Cambridge, Mass. “"7
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Imported Ore

Imported Metal

Notes: L Quantities in short tons
2. Includes brass scrap thot is recycled as brass
scrap without extraction of zinc. This accounts
for 194,000 tons of zinc. Thus, only 179,000
tons of zinc were used to make new brass

FIGURE i MATERIALS FLOW BALANCE, ZINC, 1969
Source: U.S. Bureau of Mines, Minergls Yearbook,
1969, "Zinc” chapter '

13

- Table 4 gives 1967 data (latest available) ‘concerning primary and -
secondary zinc smelters. These data are misleading in the case of secondary zinc.
There are many more than 14 establishments involved in recycling of zinc. The

remelters, smelters, oxide producers, etc., are not included in the table.
Markets for zinc

The markets for zinc have increased at an average annual rate of about
1.8 percent since 1945. Figure 2 gives annual consumption data for this period.

Table 5 provides a breakdown of zinc consump-tion for 1969 by type of
material. Most of the slab zinc is used for galvanizing, die casting alloys, and
brassmaking. Mucr of the "other and unspecified" category is zimc oxide made

from ore and scrap.

1,500 Jotol consumption

1200

200 =

2INC, thousand short ton

600 -

3copr -3

1945 1950 1959 1960 196> w70

FIGURE 2, TRENDS IN THE ZINC INDUSTRY IN THE UNITED STATES,
1945-1969

Source: U.S. Bureau of Mines, Minerals Yearbook, 1969,
“"Zinc" chapter, p. 1144.
<09
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Ty T wioandawl : o TABLE 5 _
] [*] @18 i1 o - ) T
& o g & - . . . L .
- - e g e B B e e - ZINC CONSUMPTION BY TYPE OF MATERIAL,
2 amacy ) - 0.8%, 19697
2w g? g 3 |3 3 Type of Material - Short Tons of Zinc
gl =% B 7 ERs
48 o8B A s 3 Slab zinc _ " 1,368,000
cm - - [l (=3 R
.. =n < ~ 5 |55 & - . ) ~ - ’
§§ E--g .S. & lajen o v “ Recycled copper-base alloys 194,000
B -Ba 3 & o < R o . . )
= 28 A4 5 2inc dust : 55,000
®w o ~0 a9 @ B A .
= " Za - ' - .
8o o  as Other and unspecified 288,000
- ® &= . ’ - : - ’
. E‘:g P o - . TOTAL R _ 1,905,000
S N o . - > t . - i v A
5o 6 T a oo e e = :
§_9 ™ P Source: U.S. Bureau of Mines, Minerals Yearbook,
-4 g ) 1969, "zinc" chapter. ;
g‘E‘ E Figure 2-A 'ghows monthly avex:ége ‘zinc prices at East St. Louis and. Londo
we R -~ ' B o .t . .
8o 23 m 5 1960-1969. 1t is interesting to note that domestic zinc prices were steady at
Lo e - R B o SrOoRRTR Th EERE AR . y
= & ® - ) P . oo .
;% aa %'gr- E 13 cents per pound during 1960, dropped to 115 cents in 1961 and 1962,.then rose,
aeqT ? At
3 ) - — . . [ . L
:g ° ’.'.‘.E (] stepwise, ;to 14.5 cénts in later 1964 and stayed at this level until early in 1967
3 oY - . B . - . B
L wae - . o§ L] . . . . .
e N g .
:'?;.? o - 8§ g g2 * when prices dropped to 13.5 cents. Prices evéntually rose to 15.5 cents during th
o h N oW : oo
§ %‘ 5] } last half of 1969. London prices have been below domestic price levels except
~ g RS : . . : . 2 R - .
(2 n 2 25 during 1964 and early 1965.
£l & b 3 5 - ‘
2 I @ - g . ‘ .
@ = o Zinc Use Patterns
5 r . 17
2 Ex . L s
g _ Eox= The market for slab zinc is dominated by two large uses - die casting
. [ - 0 .-
g : : Egg — and galvanizing. . Table 6 gives a percent distribution by major uses of slab-zine
I e . ~. " sales in '1969:. Additional information is given in the appendix concerning the
o K R é ’ ¢ g the,
A *%a ) i L ' )
Lig & B.og various uses of zinmc. EE
- w » ol -4 : - . -
3 13 =] — - TABLE 6
8 v @ 8 =
= 2 ® ZINC USE PATTERN, 1969
5 (5 -
® =5 i ;
g w e 2 gE Use Tons of Zinc Percent of Total
o br:S o : g o g = T
-4 3 539 - Dié casting 585-,000 42
™ 3 Galvanizing 482,000 34
3 - Brassmaking 184,000 13
8 rb \ Rolled zinc . 49,000 B 4
° a . ;19 4 Other uses 100,000 ‘ 7
" o a S -] .
N . ol B B o . .
» ® Is<22ag TOTAL | © . 1,400,000 .. 100 . .
3 - - . T ™~ 3
)~ i Source: U.S. Bureau of Mines, Minerals Yearbook, 1969,
\ "Zinc" chapter. .
" - . e
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Markets for Recycled-Zinc S Y e

Markets for recycled zinc totaled 376,000 tons in 1969. This zinc is
included in the foregoi{:g data on zinc markets and use patterns. A more complete
consideration of markets for recycled zinc is presented in the next major section,

"The Zinc Recycling Industry".
Market Outlook

The market outlook for zinc is not good. The U.S. Bureau of Mines fore-

casts the following annual growth rates in the 1970's:

Percent
Primary zinc 1.1
Recycled zinc 1.2

Applying the Bureau of Mines growth factors to zinc gives future

markets as follovis:(l)

Short Tons of Zinc

Total Primary Recycled
1969 1,432,000 1,350,000 182,000
1974 1,623,000 1,430,000 - 193,000
1979 1,715,000 1,510,000 205,000

Increased availability of old- zinc die casting scrap could boost recycled
zinc markets substantially - proba})ly at the expense of primary zinc. I:Ais expec-
ted that the supply of old die casting scrap will increase greatly as more shredders
of steel scrap are put in operation, and improved methods are developed for se;pa-
ration of the nonferrous n;etals fraction. Based on this, one can speculate that
recycled zinc markets may be 250,000 tons by 1974 and 300,000 tons by 1979 ~ or

perhaps much higher than these fiéures.

(1) Zinc content of old and new brass not included. <3
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THE ZINC RECYCYING INDUSTRY .

The zinc recycling iindustry i's organized to colleci:‘ process, and refine
scrapped zinc, and make lt available for reuse.: )This industry and the materials )
it handles are reviewed in this section. The topxcs covered are.

characteristics of Zinc Materials i
Characteristics of the Zinc 1.!99):91!-"8, lnd_uei;.ry
Recycled Zinc Markets . .
Haterigls_ Flow Pattern for Z_iucA Recycling

Demand /Supply 'Analysis;._ )

Chrccteristlcs of Zinc Mnterifle B

Secondary Zinc ) R

Not all grédes of slab zinc can be produced by a se_cond,ary, spelter.  As

an example, Special 'Hig'h Grade is 99.99 percent zinc and the .secondary smelter
'ca-nnot achieve this purity. vIn practice, the only grade of recycled slab that is
produced in substantial queutities is Prime Western. The other important types

of recycled zinc are dust, oxide, die casting alloys, and brass. Of these, over

half the recycled zinc is contained in recycled brass,
Scrap and Drosses

A variety of zinc scrap and drosses provide t.h'ei raw materials for zinc’
recycling. In composition, these materials vary from almost 100 percent zinc

content to about 60 percent zinc.

Standard grades of zinc scrap and drosses have been defined by NASMI.

These are shown in Table 7. . . e

[&Y) For.a discussion of the functions of the recycling 1-\dustry see Vol 1,
' ceneral Report. . .
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TABLE7

o . T e N

Pt e

GR.ADES OF ZINC SCRAP AND DROSSES

OLD ZINC DIE CAST scm

Shall consist of miscellaneous old zinc base die castings, with or without .iron and other--—
foreign attachments. .Must be-free of ‘borings, ‘turmings, dross pieces, chunks, melted
pieces and’ skimnings. All unmeltables, dirt, foreign attachments, and volatile substances
(such as rubber, cork, plastic, grease, etc.) are deductible. . Material containing in
excess of 30 percent iron vill not constitute good delivery.

NEN ‘ZINC DIE CAST SCRAP
Shall consist of new or unused, clean, zinc base die castmgs . Castings to be unplated,
unpainted and free from corrosion. : - LT . PO

NEW PLATED ZINC DIE CAST SCRAP

. Shall cdnsis,c of new or unused clean, plated zinc base die castings, free from corrésion;

.. ZINC DIE-CAST AUTOMOTlVl_i GRILLES

Shall consist of clean, old or used zinc base die cast automotive grilles, free from
soldered material. All foreign attachments and extraneous material are deductible.

OLD_SCRAP Z2INC

Shall consist of clean dry scrap zinc, such as sheets, jar lids, clean unalloyed castings
and anticorrosion plates. Borings and turnings are mot ‘acceptable. Material must not.be
excess;vely corroded or oxidxzed All foreign attachments and extraneous mterials are
deductible. : . ' ’

NEW ZINC CLIPPINGS
Shall consist of any new pure zinc sheets or stampings free from corrosion. To contain
no foreign material or attachments. Printers zinc, such as engravers zinc, lithograph
sheets and addressograph plates subject to special arrangements. Printers zinc to be

free of routings .

ZINC DIE CAST Sl.ABS OR PIGS

Shall consist of mel:ed zinc bas‘ die cast’ materials, in’ smooth - clean sohd slabs or pigs.
Material to be free from drosses ‘and to contain a minimum zinc content of 90 percent. )

GALVANIZERS SLAB ZINC DROSS

Shall consist of galvanizers unsweated zinc dross in slabs with a minimum zinc content of
92 percent and shall be free of skimmings. Broken metallic pieces under 2 inches in diam-
eter shall not exceed 10 percent of the weight of each shipment. Slabs shall not weigh_
over 100 pounds each.

PRIME ZINC DIE CAST DROSS

Shall consist of metal skimmed from the top of pot of molten zinc die cast metal. Must be
unsweated, unfluxed, shiny, smooth, metallic and free from corrosion or oxidation. Should
be poured in aolds .or in small mounds weighing not over 75.pounds each. 2inc shall be a
minimum of B85 percent.

ANY OTHER GRADES OF ZINC-BEARING MATERIALS NOT PENTIONED ARE SUBJ‘EC‘I TO SPECIAL ARRANGEMEN

e

Source: WNASMI. fi £
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Characteristics of the Zinc Recycling Industry

Scrap-‘métal processors collect, handle, sort, segregate, and .otherwise
process thé various grad~e-s of zu’zcis.c.tap f-or shipment to secondary s'melter;‘

Most of these processors also handle other scrap metals. A small amount of zinc
scrap was generated as a by-product of steel shredders in 1969. This quantity is
increasing so more old die casting sctapAis recycled each year.

Old zinc scrap is often c‘orntaminated with dirt, plating, inserts, or
other items. Because of the contaminants, and the low melting and boiling points
of zinc, sweating the zinc off the contaminantsAis a common practice. This
operation is done by both processors and smelters. The secondary smelters, in
addition to sweating, distill, refine, and alloy zinc to produce slab, alloys,

dust, or oxide.

Materials Sources

Zinc for recycling comes as prompt industrial scrap (mostly drosses,

skimmings, and residues), and as obsolete scrap (mostly old die castings and rolled '

zinc). Table 8 gives zinc scrap consumption data.

TABLE 8

CONSUMPTION OF NEW AND OLD ZINC SCRAP IN THE
UNITED STATES IN 1969

(short tons)

Class of Consumer and Consumption

Type of Scrap New Scrap 0ld Scrap_ Total
New clippings 670 -- 670
0ld zinc -- 6,463 6,463
Engravers' plates -- 3,392 3,392
K Skimmings and ashes 74,269 - 74,269
Sal skimmings 8,397 -- 8,397
Die-cast skimmings . 4,890 -- 4,890
Galvanizers' dross 66,496 -- 66,496
Diecastings -—- 38,312 38,312
Rod and die scrap -- 1,590 1,590
Flue dust 8,603 -- 8,603
Chemical residues 36,797 == 36,797
TOTAL . 200,122 49,757 249,879

. v : e [ P

Source: U.S. Bureau of Mines, Minerals Yearbook, 196¢, owd 8

"Zinc" chapter.
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Zinc scrap prices fluctuate depgnding on slab zinc prices, type,
and quality of scrap, location of scrap, availability of scrap, and other factors.
Table 9 providés a rough indication of 1969 lprices for z_inc scrap. When scrap
prices are at a low ievel, zinc dusts and low grade scraps are not recycled. This
means that more solid waste is generated and disposed of and our natural resources

depleted.

TABLE 9

ZINC SCRAP PRICES, 1969

Price,
Item cents per 1b
New die cast- scrap 10
New clippings 9
0ld zinc scrap - 7
0ld irony die cast scrap 6
Galvanizers' drosses 9
Die casters' drosses 7

Source: Zinc recycling companies.

Recycled Zinc Markets

Table '10 igives a l0-year history of recycled zinc production (consumption
is about ;he same). This table shows total zinc recycling and zine recycling ex-
cluding copper-base alloys. The amount of noncopper-base zinc recycled has
maintained a relatively constant ratio with total consumption at around 10 percent

over the period.



TABLE" 10

'RECYCLED ZINC PROBUCTION(L), 1960-1969:

L ; v, S e Excludtng
Year - .- . Total C 4_2per-Base
: : (Short r.ons of Zinc)

266,000 ‘ © 158,000
238,000 . 139,000,
262,000 o 148,000 ..
268,000 49000
208,000 - 164.000
353,000 - : 191,000
360,000 193,000
320,000 . wioo
355,000 152,000

- 376000 .- 182,000

Squrce: U S. Bureau of Mines, Hinerals Yearbook.s,
1961, 1963 1965, 1967, 19691 ."Zinc"
. chapters
Use Patterns

Table 11 gives consumption data for recycled zinc by form of recovery.'

Coppet base alloys are over half the total ’l‘hxs z1nc temams m the alloy - it is

not separated as zinc Other forms of recoverv ‘are small com:pared with copper

base alloys

&I
~?
@

22
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e
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<o : TABLE 11 -

CONSUMPTION OF SECONDARY ZINC BY USE, 1969

Foim of Récovery ~ '~ T TS gigy

As met:al:
By distillation

slab zincl) T . 68,677
Zinc dust 33,241

By _remclting . . 5,639
TOTAL 107,557

In zinc-base alloys

.. In brass and bronze

-~ " In aluminum-base alloys
In magnésium-base alloys
In chemi¢al products

Zinc oxide (lead-free) ’ 21,049
- Zinc-sulfate 11 986
zine¢ chloride 10,917
Miscellaneous 1,346
. . ——e
'TQTAL
‘GRAND 'I‘O'[AL 376,391

). Includes zmc contenz oi redxst111ed slab
made from remelt die-cast slab.

Source u. S Bureau of Mines, ‘(ineral.. Yearbool

1969, -"ch chapter.
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Industry Data
A survey of the recycling industry developed data to afford profiles of
the industry and the companies making up the 1ndﬁstry. Volume I, General Report P
2
in this series, gives many of these dgta. A few data concerning zinc are given
here and in Appendix B of this report.
The average recycler of zinc compares with the average recycler for all
commodities as follows:(l)
Investment in Number of Investment
Plant and Equipment Employees per Employee
Zinc $1,103,000 43 $25,500
All commodities 1,480,000 71 20,800 .
) D
() Zinc Scrap
Processor a
figure 3 shows the variation in size by census region of (1) zinec scrap (2) zinc Smeltern
processors and (2) zinc smelters. There is some correlation of sizes of smelters -
I.  New Englona 4. East North Centrol 7. West South Central
. with degree of industrialization - the heavily industrialized Middle Atlantic 2. Middie Attantie S. Eost South Centrat 8. Mountain
3. South Atlanti 6. West North Central 9. Pacific (incl Alask
and East North Central regions support much larger smelters than the other v ntic or nir acili (:‘:d“‘:f: of‘)‘ a
waii) -

regions.

FIGURE 3. AVERAGE SIZE IN TONS PER YEAR OF ZINC OF () ZINC
SCRAP PROCESSORS AND (2) ZINC SMELTERS, BY REGION, 1969
Source: Extensive Survey

(1) -Data from extensive survey.

. 2a1
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oo T T T o T TABLE 12 i
Mft;eﬁals Floy Pattern for Zinc Recyeling v ZINC SCRAP RECYCLING, 1969 .
With data on scrap sources and znarkets for secondary zinc in 1969, plus ———— — _ —
calculatlons of the" quantities of zinc scrap that should have been generdted in '. R Scrap Sources(l) g::;i:j.; Sgr Rz::zkd . }:::;zrl\zd :‘gzék:(f:yi%:g Coae
- 1969 it is possibleto develop a materials flow pattem :rable 1? presents E : Galyanlzed‘cllppl“gs- o 59;006(3) - R i T 50,000
these data. Footnotes show sources and n:ethods of derivation . . . O Flue dust 20’000(,‘) 3,000(5) 15 17,00,0
'rhe f;lrst column of the table g:.ves data concernlng quantities of zinc other prompt industrial(é) 135,060 | R 138’000(5) 106 :i . -..-
that should have been scrapped 1n 1969 I')Va.s‘ed on hfe cycles of the various . '. : . 2inc base alloys ] . 3'53’000 33’660(5) . '9 ’ ‘ 320"(;0'6 "
sources. Thus, drosses are immediately available as a by-product of galvanizing 01d galvanized 390,000 ) ’ — N 390',00'0'
and die cast'lng operations. At the other extreme is old 881V8n12€d Which is in use Oxides and chemicals . ) '-1'90,000 z ‘0 . ' 190”(')'60 .
for an average of 20 years before being scrapped The quantity of zinc used in galva- 'Other obsolete .scrap(G) 130,000 . .~ - 8,000(5) .6 - 122,000
,nlzing in 1949 (actually the 1948 1?50 average was used to smooth year to-year - Tota1(6) ’ _ ’ 1‘.2.%1;00»0 18:2,00‘0 ; 1’—039—00—0
variations) is the amount that should have been scrapped in 1969 and this is. . — . < .
the 390 000 tons shwn in Table 12 'l'he other entries in the flrst colunm were . . ' Notes: (1) "Galvanized Clipplngs; "Flue Dust” and ""Other Prompt Industrial"' ‘
R vt . > : ) cover all the prompt industrial scrap. All other sources in this
calcuIated 1n a slmilar manner using the life cycles given in footnote (2) . column cover obsolete scrap. B U
Flgure l. presents the data of Table 12 in graphxc form The m.dths of (2) Calculated from estimated 1life cycles, "and consumption of zine
the various channels are proportional to the quant1ne5 involved 'l'he total h ‘t:::ty:;!::e;o‘;fwzizf\?cop:\:;;ptzmlxlgg:ta ?:.ielti:;};':]e-e:su:;ih::d'
amount of zmc calculated to be available for ,recycling is shown by llghtly ’ .
shaded areas, the recycled zinc 1s shown by unshaded areas, and the ;xnc that is . Cz::::rp:;)foiis:ed
- _ Life Cycle ‘to Caluclate
not recycled is shown by darkly shaded areas. It can be seen that. mdustrial R ‘ ; Source : .. ‘ ‘(fieai-s) : Zin‘c Availab__ility
scrap 'is not a problem except for galvam.zed clxppx)ngs and flue dust. . ‘ Galya'nized clippings 62 ] 1969Vq‘
All categories of ohsolete scrap zlnc shot;‘very low recycle rates--large gt:zri:::pt industrial ”g‘; - ;ggg
quantities apparently are not recycled l‘he major reason for this is that it has vgizcgg;gjniigys ’ ;(2) igzg : i;gg :z:_
not been econonically ~£easible--except for zinc base alloy scrap. Thls‘ is not re- gtt:js‘,::gl:::mx:i: g 1323
Acycled because of a combinatioh of technical and economic reasons based on 3) Cﬂlculaz:d at 20 percent of galvanized sheet and strip z:l.nc
difficulty of separation of the die castings from junked autos, appliances, and A _:‘;9“‘:? :“- 2 ’
other products. This will be discussed later in a problems section. - ) ES; B C: a'teU 8: 5 Perce:tM:f re:ycled zine:
. Lo . ) ased on U. S. Bureau o nes data.
‘(6)A Copper-base alloys not -ln'cluded. R
25‘2 b Source: U.._S. Bureau of Mines, Minerals Yearbook, 1948 to 1969, "Zine" chapter. :é;.
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a Other Promp) Industrial

1
Slab’ Zinc
76,000
Zinc Dust
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Notes: {I) All quantities in short tons of zinc
(2) Zinc recycied os bross not included
(3) Home scrap not included
{4) Prompt industrial above broken line,
obsolete below

130,000 processors, dealers, and brokers

23% Obsolete)

FIGURE 4.

SCRAP/RECYCLED ZINC FLOW, 1969

(5) Estimated 50% of scrap by-passes

27 089,000 182,000 Recycled Zinc
Total Zinc Not Recycled Markets
i in S Recycled I (77% Prompt Industrial
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Demand/Supply Analysis

) . '
T A Biief’analysis'df expected future demand and supply for recycled-zinc
provides an indication of the future recycling environment.
Demand
The demand for secondary zinc in 1969 and two future years, 1974 and 1979,
is forecast as follows (see p. 16):
Year Short Tons
1969 182,000
1974 193,000
1979 205,000
Supply
Future availability of recycled zinc, based on present rates of re-
! covery is as follows:
Production of
Year Recycled Zinc
1969 182,000
1974 196,000
1979 212,000
Demand /Supply Balance
An insignificant surplus of recycled zinc is indicated for the future
based on present recovery practices:
Short tons
1974 1979
Demand 193,000 205,000
Supply 196,000 212,000
Surplus 3,000 7,000
It is expected that production of recycled zinc will be higher than indi~
} cated for 1974 and 1979, based on better recovery of old die castings. Thus, the

indicated surpluses may be much larger than shown, resulting in possible downward

price presasures, and requiring more aggressive marketing.
 Foud oid
~ ‘ : ' : <ud
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Effect on Zinc Industry -
It is reasonablé to expect that an additional 274,000 short tons of zine

could be recycled annually under ideal conditions.(l) If this much additional

zinc can be recycled by 1974, -about 140 percent will be added to the predicted

recyclea_ zinc supply in that year. However, this is only about 20 pércent of
total supply. This is less than a & percént increase each year fpx" the 5 years
between 1969 and 1974. This should not causé major upheayal in the zinc industr};.
This additional re;:ycled zinc -wil].‘ be_ marketed at the expense of lower salés -of
domestic and imported primary zinc because of the lower pr;'ce_. for recycl_ed. .
Since, there are large year-to-yea}: variations in primary zinc suppl.ies (in the
1965-1969 period ﬁxpdrted me.tal Vvari‘e‘d by 1‘75,000 tons .from lowest to highest
yeax':, prod;xction from domesi:ic ofeé varied Byv 115,000 to"ns), and because impbr_ted

metal supplies are increasing rapidly, grqwfﬁ' of !:ec;'cled zinc supplies over a .

S-year period should not cause tinusual problems: for the primary sup'plie‘rls,.v

T P S, -m;«-»a’-’“u"’ ' :-.~:'. an - he iJ i"}iu:. et . e e
(1) The 274,000 tons was caliculated based on the following changes in percent
recycled:
- Additional
©.1969, . Goal, Recycled,
percent percent tons
Galvanized Clippings 0 80 40,000
Flue Dust .15 80 -+ 13,000
2inc Base Alloys 9 50 143,000
0ld Galvanized o 20 78,000
_TOTAL 274,000
<&6

ZINC SCRAP RECYCLING PROBLEMS

There are several problems that directly reduce the amount of zinc that

is recyclea.(l) In ‘order to provide as quantitative a base as possible for analy-

zing the effects of the pro_b_léms on recycling, the organization of this section

follows the types of scrap.
Industrial Scrap

There are two types of prompt industrial zinc scrap that have a low re-
cycle rate: (1) galvam’.zgd clippings and (2) flue dusts. Table 13 presents
these problems along v;ith those concerning obsolete scrap.

\ .
Obsolete Scrap

Recycling of obsolete zinc scrap is generally under 10 percent of scrap
calcu_la‘t:ed to be available for recycling. ’I;l;e problem areas of obsol’ete‘scra;':_
involve Fhe following classes of uses:

(1) Zinc ba;e alloys (die castings)'
(2) 014 galvanized
"(3) Oxides ‘and. chemi;:agl‘s
(4) Other obsolete: zinc- serap. - : ’ . T
Tabid 13 pfééé}l"t;s thése problems Bgs’éd ‘on 1569 data. I'nclut»i’e;d' are:
(1) definitions of”the problems.,- (2)‘ tons .of-vzi;‘nc not fecyéled, 3) percent‘ of-

available zinc not recycled, and (4) analyses of the proble{ns.‘

(1) Problems that do not directly reduce the amount of zinc that 1is recycled are
discussed in the next major section of the report.
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TABLE 13. 1DENTIFICATION AND ANALYSIS OF PROBLEMS CONCERNING ZINC THAT WAS NOT RECYCLED IN 1969

Scrap Categories Where Some Zinc Was Not Recycled

Galvanized Clippings

Flue Dust

Zinc Base Alloys

1. Fabrication of galvanized 1. In smelting of zinc and 1. Nearly all zinc base
sheet and strip gives trimmings brass, some zinc 1is evaporated. alloy scrap is in the form
that are scrapped. of die castings.

’ 2. Much of this zinc 1is now

2. This is recycled as steel . recovered by air pollution 2, The die castings vary in
scrap with the zinc still on control equipment. aize from fractional ounce
it. to a few pounds.

. 3. In most cases, the material

3. This zinc is lost out the is high in chlorine content, 3. The die castings often
stack of the steel furnace and is quite fluffy. contain inserts of steel,
or 1s collected by air brass, or other materials.

Problem pollution control equipment 4. Because of the chlorine and
Definition and dumped. low density, it is difficult and|4. Over half of the die castings
costly to recycle. are in autos,

4. The zinc often corrodes
furnace refractories during 5. Thus, only 15 percent is 5. Most of the remainder are
steel melting. recycled, also attached to large

amounts of other matcrials'

5. Thus, none of the clip- in home appliances, mach-
ings are recycled for zinc inery, farm equipment, etc.
content,

6. There has been no economical
method for separating most
of the die castings from the
other materials,

7. Thus, less than 10 percent
of the zinc base alloys are
recycled.

Tons of Zinc 50,000 17,000(1) 320,000
Not Recycle

Percent

of Avail-

able Zinc L

Not Recycled 100 85 91

1. Galvanized clippings contain & 1. Flue dusts from zinc and 1. Zinc in die castings has low
or 5 percent zinc and 95 or 96 brass smelting usually con- impurity levels.
percent steel, ' tain 40 to 50 percent zinc. ’

2. Inserts of other metals can

2. The materials values per ton 2. Each pound of dust contains be easily removed.
are about: 5 to 7¢ worth of zinc. .

Steel ~ $30 3. The difficulties involve
Zinc - §12 3. An economic method of re- economical separation of the
Total $42 covering the zinc would die castings from the larger
incrcase the recycling of products (autos, appliances,
Problem 3. Only about $30 per ton of zinc. etc.) of which the die cast-
Analysis clipping is now being paid. : ings are a part.
4, Also, it would provide ad- '

4. An economic method for sep- ditional incentive for strict | 4. Larger, easily-accessible die
arating the zinc from the air pollution control measures. castings can be remaved by
steel would increase the hand. '
value by $12 per ton--a 40
percent increase. 5. Smaller, nonaccessible dic

castings can be removed by

5. 1In addition, it would reduce disintegration and separa-
corrosion of steel furnace tion equipment such as auto
refractories and make air pol- hulk shredders.

’ lution control easier,

6. Scparation from ferrous met.ld
is easily accomplished mag-
netically.

7. Separation from nonferrous
metals 1s much more
difficult. '

8, More economic methods of sep-

aration of zinc from nonfer-.
rous scrap would increase
recycling substantially.

(1) Does not include steel furnaces.

(2) This is total quantity of zinc that were originally used. BY the time of scrappage much of the zinc

has been washed away (maybe 50 percent) and would be virtually impossible to recover.

Enaad P
TS
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o Scrap Categories Where Some Zinc Was Not Recycled
0l1d Galvanized Oxides and Chemicals B Ot