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A

RECOVERY OF COPPER AND ASSOCIATED PRECIOUS METALS
FROM ELECTRONIC SCRAP

by

H. B. Salisbury, ! L. J. Duchene, ? and J, H. Bilbrey, Jr.3

ABSTRACT

As a part of a research program designed to help minimize national
requirements for new mineral commodities by maximizing recovery of metals
from domestic secondary resources, the Bureau of Mines investigated the
development of economic methods for recovering copper and associated metals
from complex electronic scrap. Three types were selected for research:

(1) multiple-pin plugs and connectors, (2) obsolete aircraft radio assemblies,
and (3) the magnetic fraction of shredded electronic scrap furnished by the
Bureau's Avondale Research Center, The plugs and connectors, after incinera-
tion to remove plastic components and melting, yielded a brittle ingot, as did
the internal portion of the radio assemblies. The brittle Ingots were ground
to minus 35-mesh for processing, and the magnetic material was used in the
as-received condition.,

A process using pretreated or raw scrap as a copper precipitant in
various concentrations of acidulated copper sulfate solution was developed as
a means of effecting an initial separation and upgrading in the form of high-
grade cement copper containing all or most of the preclous metals.

INTRODUCTION

Total production of gold and silver in the United States and usage in
the electrical industry for the period 1970-74 are shown in table 1. The
data shown, taken from the Bureau of Mines Minerals Yearbooks, indicate that
an average of 2,073,000 ounces of gold was used annually by industry, includ-
ing space and defense. The same source shows an average annual use of
37,493,000 ounces of silver in the manufacture of batteries, contacts, and
conductors.

'Metallurgist (now retired).

Z2physical science aid (now with Kennecott Corp., Salt Lake City, Utah).

3Research supervisor (now retired).

All authors were with the Salt Lake City Research Center, Bureau of Mines,
Salt Lake City, Utah,
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Through a cooperative effort by the Defense Property Disposal Services
(DPDS), Ogden, Utah, and the Bureau of Mines, Salt Lake City Research Center,
a long-term evaluation program was initiated to determine the content of vari-
ous types of military electronic serap. As an outgrowth of this program, DPDS
hand-sorted about 3 tons of scrap into high-copper material that was amenable
to existing technology, and a fraction, lower in precious-metal and copper
content and high in aluminum, for which an analysis is shown as item 1 in
table 2, The physical appearance of this material is shown in figure 1,

TABLE 2, — Analysis of ingots produced by incineration and melting
of military electronic scrap and shredded
magnetic scrap

Item Au, Ag, Wt-pct

oz/ton | oz/ton | Cu Al Fe Zn Ni Mo | Cr | Insol.
1... 87.43 | 196.8 37.2 | 48.5 3.4 3.2 0.84| 0,13} ND 5.1
Zaes .16 | 157.0 24,0 | 38.4 | 26.3 «23 ND ND ND 4.7
3... 5.96 7.2 o7 ND 75.8 ND 11.5 ND 0.7 4,4

ND Not detected.

A second type of refractory scrap was represented {(item 2 of table 2)
by obsolete radio assemblies, referred to by the disposal agencies as "hlack

gs and Connectors

FIGURE 1. - Aluminum-copper-bearing electronic scrap (item 1).



boxes.” A disassembled black box is shown in figure 2Z, A third type of
material (item 3 of table 2) treated in the investigation was furnished by
the Bureau's Avondale Research Center. This material, shown in figure 3,
consisted of the magnetic fractilion of shredded electronic scrap obtained from
Naval Ordnance, This scrap contained predominantly iron and nickel with a
small amount of gold and silver.

Metal obtained from incinerating and melting the multiple-pin plugs and
connectors, item ! of table 2, is difficult and expensive to refine because of
its high aluminum content. Therefore, this material was chosen as the first
type of refractory scrap for this study.

The ingots produced by incinerating and melting the multiple-pin plugs
and connectors {item 1 of table 2), and the “black boxes" (item 2 of table 2),
are not amenable to separation and purification by conventional treatment.
Therefore, the Bureau initiated a study to determine whether the copper and
precious metals in refractory alloys could be recovered by a process that
consisted of using finely divided scrap as a cementation4 agent for copper,
melting the precious-metal-bearing copper precipitate into an anode, and

FIGURE 2. - Disassembled black box (item 2).

4Cementation is a process in which one metal is precipitated from solution by
the addition of a second metal that replaces it in the solution. In the
tests under discussion, the iron, aluminum, and zinc in the alloy dissolve,
and the copper is precipitated from the solution as a fine powder known as
cement copper, Since the precious metals in the alloy do not dissolve,
they remain in the solid state and are collected with the cement copper.




FIGURE 3. - Precious-metal-bearing magnetic electronic scrap (item 3).

electrorefining the anode to produce a pure copper cathode and a precious-
metal-bearing sludge that could be treated by conventlonal methods for the
recovery of gold and silver, Because the Avondale magnetic scrap was mostly
iron, an excellent cementation agent for copper, this approach would appear
to be applicable also to this third type of scrap. This paper describes the
results of this research.

EXPERIMENTAL PROCEDURES AND RESULTS
Each of the three types of scrap described above, and shown in figure 4,
had to be treated by a different variatlon of the basic process. Therefore,

the treatment used for each type of scrap is discussed separately,

Multiple~-Pin Plugs and Connectors

The initial scrap selected for research was the metal obtained by incin-
erating and melting aluminum-bearing plugs and connectors. The resulting
brittle ingots were broken up and roll-crushed to minus 10-mesh, mixed, and
sampled. The products obtained from this material are shown in figure 4.



FIGURE 4. - Head material and products.

~Based on the assays shown in table 2 (item 1), the aluminum, iron, and
zinc content of 1 gram of scrap has a potential of precipitating 1.78 grams of
copper from a copper sulfate solution. Several series of tests were made to
determine the conditions necessary to make maximum use of this potential. A
number of preliminary tests were made by agitating a measured amount of solu-
tion containing various concentrations of copper and sulfuric acid with a
welghed amount of scrap for varying periods of time, followed by filtration
and washing the precipitate. In each test an excess of copper-bearing solu~
tion was used to insure maximum use of the scrap. Under these conditions it
was found that 40 minutes' contact time produced a precipitate containing from
88 to 96 pct Cu, with excellent utilization of scrap. The results with minus
35-mesh scrap were consistent over a wide range of copper and sulfuric acid
concentrations, A slight increase was noted for copper recovery and scrap
utilization with the use of NaCl. The minus 10-mesh scrap was less efficient
and produced a lower grade cement copper regardless of contact time. The
results are shown in table 3.
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Feed SO'UﬁOﬂ Several tests were made
to determine the maximum
CUSO4 - H2304 amount of copper precipi-
tated per gram of various

‘ size fractions of scrap, and

the grade of the resulting
cement copper. The tests
were carried out by placing
a weighed sample of scrap in
a 1-1liter mixer fitted with
an overflow to a l-liter

SCpr feed settler, followed by pumping
an acidulated copper sulfate
solution Into the system at

a definite rate until the
hﬂixer effluent showed unprecipi-

Metering pump

tated copper. A flow dia-
gram of the process is given
in figure 5. The results,
shown in table 3, indicate
the best copper recovery was
effected by the use of finer
Settler scrap., Since the material
was difficult to grind to
] very fine sizes, it was
decided that it would not
be feasible to use particle
sizes finer than minus 35-
mesh even though finer par-
ticle sizes might improve
effectiveness,

— Cement copper

Efﬂuenf A similar set of tests
FIGURE 5. - A flow diagram for determining maximum cop-  was made in the same equip-
per precipitation. ment to determine the effect

of contact time when using
minus 10- and minus 35-mesh scrap with solution concentration remaining con-
stant. The results, given in table 3, show the best efficiency and copper
grades were obtained with 40 minutes' contact time for both minus 10- and
minus 35-mesh scrap. The efficiency of minus 35-mesh material remained rela-
tively constant at 30, 20, and 13 minutes' contact time, whereas the effi~-
ciency of the minus 10-mesh scrap decreased steadily over the same periods of
time.

In the interest of obtaining the maximum copper precipitation in a rea-
sonable amount of time, tests were designed for minus 35-mesh and minus 10~
mesh scrap using two mixer-settlers in series. The scrap was added hourly at
the rate of 1 gram per 1,32 grams of copper available, with 80 pct in mixer 1
and 20 pct in mixer 2. Acidulated copper sulfate solution was pumped into the
system at a rate equivalent to about 13 minutes' contact time in each vessel.
Very little reaction was noted in the settlers, even though about 90 pct of

y




the cement copper was collected in these vessels, indicating essentially com—
plete reaction in the mixers. The flow diagram used in these tests is shown
in figure 6. The results given in table 4 show that minus 35-mesh scrap,
treated in a two—stage system, will produce a precipitate containing in excess
of 85 pct copper, a product that is amenable to subsequent refining. A recov-
ery of 99,6 pct of the copper was obtained from the head solution with a uti-
lization of 69.7 pct of the scrap added., A similar test made on minus l10-mesh
scrap, also shown in table 4, indicates substantially lower copper recovery
and scrap utilization than the minus 35-mesh material.

TABLE 4. - Two-stage precipitation--item 1 scrap

Feed solution Cu Cu Scrap| Solution Scrap | Cement copper
Cu,|H;S04, |effiu~jrecov—|size,|retention | Effi- |used, | Cu, Au, | Ag,
Liters|g/1{ g/1 ent, | ery, |Tyler| time per {clency!| pet | wt- | oz/| oz/
g/l pet |mesh |mixer, min pct ton | ton
200 |2.6f 0.9 0.01 99.6 | =35 13 1.24 69.7 85.1 | 46 104
200 2.7 1.4 .23 91.5 | -10 13 .98 55.1 77.2 | 57 115
'Efficiency = Grams copper precipitated per gram of scrap.

Obsolete Aircraft Radio Assemblies

A second type of scrap was represented by obsolete aircraft radio assem-
blies, referred to by the Defense Disposal agency as "black boxes.” It was
determined that the outer cover of a "black box" can be removed in about 8 min-
utes by one person to reclaim over one-third of the original weight as a clean
aluminum scrap product, The remaining Iinner assembly, when shredded, incin-~
erated, and melted, ylelds a brittle ingot that can be crushed to a fine size
for use as a copper precipitant. An analysis of an ingot prepared in this man-
ner is shown as item 2 in table 2.
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Feed solution

'

Metering pump

Scrap feed
l (80 pct of total)

Mixer

L J

Settler

— Cement copper

Scrap feed
l (20 pct of total)

Mixer

y

Settler

— Cement copper

'

Effluent

FIGURE 6. - A two-stage flow diagram for continuous cop-
per precipitation.
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Feed solution The ingot was crushed
CuSO4 - Hp804 - NaCl and ball milled to minus 35-
+ mesh for use in subsequent
testing as a copper precipi-
Metering pump tant. A number of tests

were made, similar to those
made on the first type of
scrap, but the results were
A | poor until a mechanical
change was made in the sys-
tem and sodium chloride was
added to the head solution.
The best results were
obtained from a system con-
Mixer sisting of twe l-liter mix-
ers in serles followed by a
1-liter settler, this in
High - grade turn followed by a mixer and
Settler — cement copper settler of similar size. A
large excess of minus 35-
mesh scrap was placed in

Mixer

Scrap feed the last mixer for the pur-
Low - grade pose of insuring a low-grade
> scrap Mi effluent, and as a source of
- ixer
feed scrap to the first
mixer. The amount of scrap
Cemen:fopper ‘ advanced per hour from the
an : .
unreacted scrap last mixer tq the first
Settler mixer was adjusted to be
. somewhat less than that nec-
l essary for complete pre-
Effluent cipitation of the copper

entering the system. A flow
FIGURE 7. - A three-stage flow diagram for continuous cop- diagram of this process is

per precipitation using black box scrap. given in figure 7.

In each test about 20 liters of feed solution was passed through the sys-
tem, followed by measuring, weighing, and assaying the final products. The
precipitates from mixers 1 and 2 and settler | were combined as a finished
cement copper product. The results, given in table 5, show the advantage in
using NaCl in the feed solution. The decrease in retention time from 36 min-
utes to 18 minutes did not seriocusly reduce copper recovery or f£inal cement
copper grade,



12

TABLE .5, - Three-stage precipitation--item 2, black box scrap

Head Barren Cu Solution Cement copper
Cu, [ HySOy4, | NaCl, Cu, recov—-|retention | Cu, | Fe, [Al, |Insol., | Au, | Ag,
g/1]| g/l g/l g/l ery, | time per | wt-| wt— [wt- |wt-pct | oz/ {oz/
pct [mixer, min | pct | pct [pct ton | ton
2.5 0.8 0 1.0 40.0 36 52 [ 14.0]19.3f 3.2 0.1]62
2.6 .8 1.0 .003 | 99,9 36 89 1.3] 2.5 1.5 <.1] 89
2.7 .9 1.0 .015 | 99.4 18 86 3.0 4.1 1.4 <.1193

Magnetic Electronic Scrap

The third type of scrap treated was the minus 1/2- plus 1/4~-inch magnetic
fraction of shredded electronic material submitted by the Bureau's Avondale
Research Center. An analysis of the scrap, designated item 3, is shown in
table 2,

Preliminary tests in l-liter mixer-settlers indicated a utilization of
85 to 90 pct of the scrap as a copper precipitant and produced a precipitate
containing in excess of 90 wt-pct copper, over one-~half of the precious met-
als, and a residue of unreacted magnetic scrap enriched in nickel, chromium,
cobalt, gold, and silver.

In order to obtain the vigorous scrubbing action needed to maintain the
precipitating reaction with this type of scrap it was found necessary to build
a tumbler., This was constructed from an 8-inch-diameter clear plastic cylin-
der 8 inches in length. The cylinder was fitted with lifters and the ends
were sealed with 1/2-inch by 12-inch-diameter plastic disks that served as
trunnions. A 3/8-inch hole bored in the inlet end served as a guide for a
flexible solution feed tube. A 2-inch-diameter plastic tube, covered with a
20-mesh stainless steel screen, was fitted in the outlet end. Agitation was
accomplished by placing the tumbler on a set of variable speed rolils.

A number of experiments showed that the best results were obtained when
rotating the tumbler at 42 rpm and with a solution retention time of approxi-
mately 20 minutes. In order to make maximum use of the scrap and produce an
acceptable barren solution it was found necessary to treat the effluent from
the tumbler with minus 35-mesh scrap in a mixer-settler arrangement. A flow
diagram of this process is given in figure 8.
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FIGURE 8. - A flow diagram for continuous copper precipitation using shredded magnetic scrap.

In tests made with this system the tumbler was charged with 2,000 grams
of minus 1/2~ plus 1/4-inch magnetic scrap and rotated at 42 rpm. An acidu-
lated copper sulfate solution, containing a minimum of 2 g/l H,S0,, was pumped
into the tumbler at the rate of 100 ml/min until no further precipitation was
noted. During the test, the tumbler effluent was discharged to a surge tank,
from which it was pumped into the mixer-settlers at 75 ml/min. The differen-
tial in throughput of the two units allowed sufficient time to discharge the
residue from the tumbler and reload with fresh scrap, while still continuing
solution flow to the mixer-settlers, thus maintaining essentially a continuous
system,

In each test the final residue in the tumbler contained several hundred
grams of minus 6-mesh pellets. When the unreacted scrap was removed with a
magnet, the remaining pellets were found to contain in excess of 99 pct Cu.

The results of one complete 2,000-gram cycle using a total of 320 liters
of feed solution containing 5.2 g/l Cu and 4.9 g/l H,S50, are shown in table 6.
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TABLE 6, — Copper precipitation obtained from tumbler—-
mixer—settler combination

Feed Analysis, g/l
solution, Effluent from Cu Fe Ni Cr Al | HyS0,
liters
50 Tumbler.l....lll.II...II.-..I. 0'097 5.6 0.02 0.02 ND 3.5
Mixer-settlerSesessssvssonveos 0021 6.1 .02 0210.12 2.7
51 TUMblEersececsrasssncacasessoas .11 5.0 .02 .02 ND 2.7
Mixer—settlerSessesessesorrene 0021 5.6 .02 .02 .09 2.0
52 Tumblerl........l....l‘l..l... .10 5.2 .02 I02 ND 3.6
Mixer—settlerSecscecesscscccas 002 ] 5.5 .03 .02 .15 2.6
51 Tumb]-Erl.I....O..l....ll..ll.. '13 5.3 003 I02 ND 4.1
Mixer_settlerS.acao-.ao..-t.-. n002 5.4 n03 .02 .15 3.1
51 Tumblerlllllllll'll..llll.l.l. .22 4.4 l15 l02 tqD 5.1
Mixer_settlers'. PP RO E I RRPOY SRR IOOZ 4.8 l03 '02 .14 3.9

50 Tumblereeeiieessssoscasoncsena .14 3.8 421 <.01 ND 4.6
Mixer—settlerSessssoaessesosse 003 | 4.0 41,01 .15 4,5

15 Tlmbler...l..’.l......ll.'l'.' 2'00 2']- .37 <.O]- ND 4 9
Mixer-settlerSo a8 8 6888880 88ssn l007 3'0 l4]- <I 01 - 15 4.4
ND Not determined,

The final barren assays show that 99.96 pct of the available copper in
the feed solution was precipitated, and reported in the various products as
shown in table 7.

TABLE 7., - Distribution of copper accounted for

Precipitate Cu, Cu, Cu distri-
weight, grams | wt—pet | grams | bution, pet
Precipitate washed ocut of tumbler.. 1,244 88.4 1,100 65.9°
Minus 6-mesh pelletS.asieccsssances 184 99.5 183 11.0
Mixer—settlerSecevecsssosscossssnnes 188 83.0 156 9.4
Removed from unreacted scrap with
NH4OH*(NHz)5C05 00 eoescrennsancoans 0 0 229 13.7
Totaleeseaesasosoesarsossrossae 1,616 NAp 1,668 100.0

NAp Not applicable.
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An analysis of the combined precipitate showed it to contain, in weight-
percent, 89 Cu, 1.1 Fe, 0.32 Pb, 0.36 Sn, 1.5 insolubles, and, in ounces per
ton, 4.0 Au and 11.5 Ag,

The total precipitate shown in table 7 was melted in an induction fur-
nace without flux. An anode, representing 90 pct of the charge weight, was
obtained from the melt; the balance, contalning most of the impurities,
remained as a sinter. The anode was placed in a polypropylene sock and elec~-
trorefined in a solution containing 150 g/1 H,S0, and 40 g/l Cu at a current
density of 12 amp/ft2. These conditions were selected because previous elec—
trorefining tests with similar values had produced a dense, smooth cathode
deposit. Assays of the various products are shown in table 8.

TABLE 8. - Analysis of electrorefining products

Analysis, pct Au, Ag,
Cu Fe Pb Sn Insol, | oz/ton | oz/ton
Anodessssesnsosnese | 994 | 0.13 | 0,104 | 0,047 0.05 4.3 12,1
Cathodelevsueeseeas | 99.9] ND ND ND ND ND ND
Anode mudesecesnsas | 57.0 ND o7 .316 ND 412 1,140

ND Not determined.

'A spectrographic analysis of the
impurities (estimated):

0.001

cathode copper showed the following
pcet Mg and 0.01 pet Ca.

The anode mud can be further refined by standard procedures for the recov-

ery of gold and silver.

The cleaned unreacted scrap residue, amounting to 11,0 pct of the orig-

inal charge, was melted in an induction furnace and cast into an anode.

assay of the metal is shown in table 9.

An

The anode was suspended in an electrolytic cell fitted with a graphite

cathode and partially solubilized in an electrolyte containing 150 g/1 H,S0,.
The cell was operated 145 hours at 0.5 volt and 1 ampere, resulting in the sol-
ubilization of 63 grams of the anode., The solution values, shown in table 9,
might be treated by presently used procedures to recover the Ni, Co, and Cr in
commercial form, The anode mud, see table 9, can be treated by standard pro-
cedures for the recovery of the precious metals.

TABLE 9., - Analysis of products obtained from melting and solubilizing
unreacted scrap residue from item 3

Product Wt—pct Au, Ag,
Ni Fe Cu Co | Cr | Insol, |oz/ton| oz/ton
Cleaned unreacted scrap
residuesescveveneevenees | 46,4 | 40,01 11,0 0,77 0.5 0 12 35
Anode mUdessseansasesnsaas | 18.0] 17.0] 55.0 0 0 8.0 129 234
Solution'eseeeoonsosvnsas | 61 50 .05/ 1.9 .9{ 0 NA NA

NA Not analyzed.

Walues in grams per liter.
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CONCLUSIONS

Electronic scrap generated from multiple-pin connectors and the inner
assemblies from "black boxes" can be melted to produce a brittle metal that
is easily crushed and ball milled to a fine size, This material, when agi-
tated with an acidulated copper sulfate solution 1n a countercurrent system,
will produce a precipitate containing 90 to 95 pct Cu and all of the associ-
ated precious metals. The cement copper thus obtained can be beneficiated by
fire refining to produce high-grade anode material for subsequent electrore-
fining to cathode copper and an anode mud from which precious metals can be
recovered,

The magnetic fraction of shredded electronlc scrap can be used as a
cementation agent to produce cement copper exceeding 90 pct in purity when
agitated in an acidulated copper sulfate solution. About 90 pct of the scrap
1s consumed in the copper cementation reaction producing a cement copper con-
taining over one~half of the original precious metals, and leaving a residue
enriched in nickel, chromium, cobalt, gold, and silver. The cement copper
can be processed in the same manner as that already described for the other
types of scrap, and the residue, cast into an anode, can be dissolved elec-
trolytically to produce a solution containing a relatively high concentration
of nickel and cobalt that might be processed to recover these metals, and an
anode mud containing copper, gold, and silver that can be reprocessed by con-
ventional techniques to recover these metals,

#U.S. GOVERNMENT PRINTING OFFICE: 1981-703-002/71 INT.-BU.OF MINES,P GH.,P A, 25462
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