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DISTRIBUTION AND ANALYSES OF GOLD AND SILVER [N MECHANICALLY
PROCESSED MIXED ELECTRONIC SCRAP

By B. W. Dunning, Jr., ! F. Ambrose,? and H, V. Makear3

ABSTRACT

The Bureau of Mines Investigated the concentration and distribution of
precious metals in the various fractions produced from mechanical pro-
cessing of obsolete military electronic scrap. Whole avionic wunits,
printed circuit cards, and electrical connectors were processed and ana-
lyzed. Materials recovered included baghouse lights, wire bundles, mag-
netics, and metal concentrates from eddy-current and high-tension sepa-
ration. Higher value fractions were processed by a commercial toll
refiner for recovery of gold and silver. Lower value fractions were
analyzed by the Bureau. Three fractions, the lights, wire bundles, and
metallics from high-tension separation, contained most of the precious
metals. Depending on the type of scrap feed, these fractions repre-
sented 34 to 60 pct of the original sample weight. Collectively, they
represented 68 to 97 pct and 75 to 98 pct of the contained gold and sil-
ver, respectively.

1Supervisory metallurgist, Avondale Research Center, Bureau of Mines, Avondale, Md.

2Chemical engineer, Avondale Research Center.

3Supervisory metallurgist, Avondale Research Center; now Chief, Branch of Iron and
Steel, Division of Ferrous Metals, Bureau of Mines, Washington, D.C.



INTRODUCTION

Scrap from a variety of sources repre-
sents an 1mportant component of the
domestic supply of gold and silver, as
well as other metals. U.S. refinery pro-
duction of gold and silver 1in 1982 was
estimated at 3.4 and 74 million troy
ounces, respectively (1),4 of which 79
and 38 pct, respectively, were reclaimed
from scrap. Net import reliance for gold
and silver in 1982 was 43 and 59 pct,

respectively, of apparent consumption,
Obsolete electronic equipment is one
variety of scrap that contains signifi-

cant amounts of gold and silver. The use
of gold and silver in electronic products
represents a substantial portion of con-
sumption (29 pct in 1982); however, re-
covery of these metals from electronic
scrap is difficult and expensive because
of the complexity and heterogeneity of
such scrap.

Property Disposal Service
U.S. Department

The Defense
(DPDS), an agency in the
of Defense, 1s responsible for the dis-
posal of willions of pounds of obsolete
military electronic scrap annually. For
example, 12 million pounds a year from
aircraft avionics alone is typical. Some
of the equipment is sold to scrap dealers
who specialize 1in the recovery of base
and precious metals, and some 1s sold to
dealers in surplus electronic materials
who resell functional equipment and com-
ponent parts to electronic experimenters.
With the increased complexity and expense
of military electronic equipment, getting
a fair value for this material has become
a pressing problem for DPDS. Precious
metals can be found throughout electronic
equipment in components such as pin con-
nectors, contact points, silver—coated
wire, terminals, capacitors, plugs, and
relays. The precious-metals content of
the equipment ranges from relatively high
concentrations to insignificant values.

4ynderlined numbers in parentheses re-
fer to items in the list of references at
the end of this report.

Each generation of electronic wunits
contains wvarying amounts of precious-
metals—bearing modules, but in outer
appearance each unit is basically a black
box, regardless of precious—metals con-
tent. Therefore, no generalization can
be made as to the metal value of an elec-
tronic unit since the manufacturers have
no coding system to indicate which metals
or materials were used in its construc-
tion. Most units look alike, except for
size, shape, weight, and dial face, until
the outer casing 1is removéd. Even after
removal of the outer casing, an approxi-
mate assessment of a unit's scrap value
can be made only by personnel trained to
recognize the metal value contained in
the different electronic components. Al-
though mechanical processing technology
is currently available, there is no known
integral system at a single site for dry-
separating the conglomerate metals of an
electronic unit into salable fractions.

Bureau of Mines mis-
sion to conserve U.S., mineral resources
through secondary recovery, researchers
at the Bureau's Avondale (Md.) Research
Center investigated mechanical processing
techniques for recovering base and pre-
cious metals from electronic scrap. The
purpose was to recover the metal values
from obsolete wilitary -electronic scrap
that are not currently recovered in
terms of adequate monetary return to the
Federal Government. For example, during
precious—-metals recovery operations from
electronic scrap, aluminum metal may be
lost completely, and portions of nickel-
bearing items may report with precious-
metals items that are subsequently pro-
cessed at a copper refinery. The nickel

As part of the

is a contaminant in this case, and its
presence results 1in a costly penalty.
Upgrading of the electronic scrap to re-

nickel, and other base
metals would result in a greater return
to the Government in two ways. First,
the aluminum and nickel recovered could
be sold for their intrinsic scrap recycle

cover aluminum,



value; second, the quantity of material
processed for precious-metals recovery
would be reduced. This would result in
lower toll charges for the same amount of
precious metals recovered and would re-

duce penalties for the contained nickel.

In an effort to get an estimate of the
distribution of precious metals in obso
lete electronic equipment, dismantling
studies were conducted and a minerals
processing concept was first demonstrated
on a laboratory scale. Based on the
laboratory model, a small pilot plant re—
ferred to as a process research unit
(PRU) was assembled for upgrading scrap
into valuable metal concentrates at feed
rates of up to 500 1lb/hr. Details of the
dismantling studies and the PRU have been
described elsewhere (2-4). Briefly, the
unit operations consist of shredding, alr
classification, wire picking, magnetic

PROCEDURE
GENERAL AVIONIC SCRAP

The material processed through the PRU
consisted of more than 5 tons of general
avionic scrap received from the Depart-
ment of Defense. It 1ncluded (1) com-
plete units, (2) units with parts miss-
ing, and (3) units that had been stripped
of pullout printed c¢ircuit cards and
electrical connectors, which were removed
by shearing the wires. The only
precious-metals—-bearing parts remaining
in the stripped units (item 3) were com-
ponents that had been connected to the
modular frames with rivets Oor screw
fasteners. The total test lot was pro-
cessed by shredding in a 25-hp hammer-
mill, followed by several unit opera-
tions to produce upgraded fractions. The
shredder, equipped with 8-1b hammers and

l-in grates, was capable of accepting
units or portions of units up to ap-
proximately a 10-in maximum. The unit
operations after shredding included
air classification, magnetic separation,
screening, wire picking, magnetic pre-

separation, and
A flowsheet is

cleaning, eddy-current
high-tension separation,

separation, and sizing, all operated in a
continuous sequence. These are followed
by magnetic precleaning and eddy-current
and high-tension separations, which are
batch operations. Products obtained by
this process include an iron-base frac-
tion, an aluminum fraction, a mixed metal
fraction, a wire fraction, air classifier
lights, and nonmagnetic metal fractions
from high-tension separation. The last
three fractions contain most of the pre-
cious metals.

This report describes the results
of mechanically processing more than
11,000 1b of obsolete military electronic
scrap. Types of scrap processed included
whole avionic units, printed circuit
cards, and electrical connectors. De-
tails are presented on materials distri-
butions and analyses for the three cate-
gories of scrap.

AND RESULTS

shown in figure 1 and views of the PRU

are shown in figures 2 and 3,

The material distribution obtained from
processing the 5 tons of general avionic
scrap as described above is shown in ta-
ble 1. Analyses and recoverable precious
metals from each of these fractions are
shown in table 2. Each fraction is dis-
cussed separately as to its value on a
short ton basis. Only gold and silver
values are reported since other precious
metals were undetected or were present in
very low concentrations, Earlier dis-
mantling studies (2) showed that, except
for palladium in some electrical contact
alloys, military electronic scrap did not
contain significant amounts of precious
metals other than gold and silver. All
contact points do not contain palladium
and those that do would require careful
presegregation to avoild dissipative dilu-

tion during wmechanical processing. In
the current tests, the toll refiner
reported that, where detected, palla-

less than the equivalent of
too low to be credited.

dium was
1 tr oz/ton,
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FIGURE 1. - Mechanical processing flowsheet for general avionic scrap modules.



FIGURE 2. - Continuous portion of process research unit for mechanical beneficiation of
electronic scrap.

FIGURE 3. - Batch operations of process research unit for mechanical beneficiation of elec-
tronic scrap.




TABLE 1. — Material distribution of mechanically beneficiated general
avionic scrap

Fraction Weight, | Distribution,
1b wt pct
Baghouse lightS..secssessssscscsssannass e 929.6 8.9
Wité bBundlESae snswmnnss snnnsnsnme susasn seimie o 860.2 8.2
Magnetics:
Minus 1/2 in.ee.... e R RN e RS 8 1,204.2 11.5
Minus I plus 1/2 dNeeesoonsceceocnconsoosns 1,825.2 17 .4
Eddy—current:l
Precleaner magneticSessseeasscasscssnsonss 425.0 4,0
AlUuminUMescesososssssosssasnasssossosassnnss 1,161.4 I1.1
MiddleS:veeennne censen ccetsasesessssassses 965.0 9,2
High-tension metal:?
Minus 1/4 ANe.eeovevsnssosesonsansasinsssss 551.8 5.3
Minus 1/2 plus 1/4 iNueeereeecceoonnsnsnsa 444,.3 4,2
Minus 1 plus 1/2 ifceueseseccssocsoosssscns 773.0 7.4
High-tension rejects (minus | in)ecececeosse 1,318.1 12.6
Hammermill knockout box contentS.iesessecscsas 22.8 o2
COmMPOSite.iesasososssossscssnssssnsnasnasnas 10,480.6 100.0

lRefers to ramp-type eddy-current separator.,
2Refers to high-tension separator.,

TABLE 2. — Concentration and weight of contained precious metals from fractions
of mechanically beneficiated general avionic scrap

- Concerntration, [ Contained precious metal,
Fraction wt pct tr oz
Au Ag Au Ag

Baghouse lightS.cicessossasscsossssssnnsone 0.021 | 0.33 2.8 44,7
Wire bundléS.ssvossnosssssnnsvanssnnnnssss .021 77 2.6 96.6
Magnetics:

Minus 1/2 inl......... ¥ dd 8RR § b .015 | .07 2.6 12.3

Minus 1 plus 1/2 iNiesececssossscseaneans NA NA NA NA
Eddy—-current:

Precleaner magneticS.eeevossesososnnssas 064 41 4,0 25.4

Aluminumleieeeivenerinniiinnnnnn. SEman s ND | 017 ND 2.9

Middlesliveeeeiinnnn. MEME RN EREREE A b .003 | .64 42 90.1
Bigh-tension metal:

Minmas: L/%4 dNess sevesssuveonsseisavavinnae s .099 | 2,01 8.0 16l.7

Minus 1/2 plus 1/4 iNiieeeenerensonnnees .074  1.96 4,8 127.0

Minus 1 plus 1/2 iNeecessoeasasananns e .031 1.09 3.5 122.9
High-tension rejects (minus 1 in).seeessoes .017 .30 3.3 57.7

COMPOSItEeureneeosnnrsonsocosanssonea .021 | .48 32.02 741.3

NA Not available,

ND Not detected.

IThese fractions analyzed at Avondale Research Center; other data provided by toll
refiner, Handy and Harman,



Baghouse Lights

The 1light materials were collected in
two baghouses. One baghouse was a small
portable unit located at the hammermill
discharge, and the other, a large indus-

trial type weasuring approximately 6 ft
square by 15 ft high, was connected to
the air classifier. The material col-
lected in these two units was combined

into one sample prior to toll refining.
Because of abrading action in the hammer-
mill, some of the precious—metal plating
is removed from the base metal. These
thin flakes of precious metal are en-—
trained by the lights and report to the
baghouse, In this test, the baghouse
lights represented approximately 9 pct of

the feed and contained the equivalent of

6.1 and 96.2 tr oz/ton of gold and sil-
ver, respectively.
Wire Bundles
Some avionic modules contain a criss-—

small wires (fig. 4),

cross pattern of

while others contain relatively few
wires, When hundreds of feet of wire are
involved, as shown 1in figure 4, hammer-

milling produces wire bundles or tangles

that tend to block exit chutes in certain
mechanical
magssive wire bundles were
the conveyor between the
the air classifier.
tinued to the

processing operations. Thus,
handpicked off
hammermill and
Remaining wire con-—
modified wvibrating screen




for easy
The wire

where most of it agglomerated
hand removal at this point.
bundles were combined 1into one sample
representing approximately 8 pct of the
feed. The gold and silver content of the
wire bundle was egquivalent to 6.1 and
224.5 tr oz/ton, respectively.

Magnetics

The air classifier heavies are conveyed
to a magnetic drum separator from which
the magnetics are conveyed to a trommel
screen and separated into minus 1/2-in
and plus 1/2-in fractions,

The minus 1/2-in magnetics contained
pieces of modular framework, fasteners,
transformer iron laminae, and gold- and
silver-plated nickel alloy pins and tran-—
sistors. This magnetic fraction was too
lean in precious metals and too high in
iron and nickel to be processed econom—
ically by a toll refiner. The Bureau's
Salt Lake City (Utah) Research Center
used a portion of the Avondale minus 1/2-
in magnetic scrap, obtained from earlier
laboratory tests, in their copper cemen-
tation studies (5)., In those studies, 85
to 90 pct of the magnetic scrap was
utilized as a copper precipitant. The
washed cement copper contained a portion
of the recoverable gold and silver.
Nickel was concentrated to about 45 pct
in the cementation residue along with the
remainder of the avallable gold and sil-
ver, The minus 1/2-in magnetics repre-
sented approximately 11.5 pct of the
feed and, on a per ton basis, contained
4.4 and 20.4 tr oz of gold and silver,
respectively.

represented
Visual

The plus 1/2-in magnetics
the largest fraction of the feed.
observation indicated that very 1little
precious-metal value reported to this
fraction, aside from a few large power
transistors that were easily identified
for hand removal, This fraction was
mostly transformer iron laminae and would
also be suitable for copper cementation,
thus assuring recovery of precious metal
that might be present.

Eddy-Current Precleaner Magnetics

Avionic modules contain some nonmag-
netic austenitic (300 series) stainless
steel 1tems either as fasteners or struc-
tural framework. Hammermilling nonmag-
netic stainless steel causes localized
transformation of austenite to martens-
ire, which 1is weakly magnetic. This
transformed steel is too weakly magnetic
to be removed by the drum magnet but is
sufficlently magnetic to be attracted to
the strong strontium ferrite magnets
on the inclined eddy-current separator.
Therefore, an eddy-current precleaner
device was constructed to remove the
work—hardened and slightly magnetic
stainless steel prior to feeding the re-
maining stream of material to the
eddy-current separator. The eddy-current
precleaner magnetics collected in this
test represented 4 pct of the initial
PRU feed. Gold and silver content was
equivalent to 18.6 and 119.5 tr oz/ton,
respectively.

Eddy—-Current Aluminum

The 1nclined eddy-current separator
works on the principle that when metallic
particles move through a magnetic field,
electric eddy currents are I1nduced in
them that give rise to a force acting
perpendicular to the direction of parti-
cle movement., This force and a combina-
tion of other variables, such as inclina-
tion angle of the board, coefficient of
sliding friction of the cover surface on
the board, force of gravity, particle
density and shape, and electrical conduc-
tivity, will determine the amount a mov-
ing particle will deflect from its normal
path down the inclined plane. Strips
of magnets of alternating polarity are
placed at 45° to the normal path on the
inclined plane. The magnets are covered
with a smooth material, generally a
very thin sheet of nonmagnetic stainless
steel. Detalled explanations of the
principles and operation of permanent
magnet types of eddy—-current separators
have been published (6).



Wrought aluminum and pure copper parti-
cles that are reasonably flat and approx-
imately equal in size and shape exhibit
the largest degree of deflection of all
the metals tested. There 1s very little
copper sheet stock in avionic scrap mod-
ules, however; thus, copper contamina-
tion of the aluminum product is minor.
The aluminum fraction recovered in the
large-scale test represented approxi-
mately 11 pct of the feed. Two 100-1b
samples were laboratory melted by Rey-
nolds Metal Co., and a 10-1b sample was
melted at the Bureau's Avondale Research

Center. The analytical results of these
melts are listed in, table 3. Reynolds
Metal Co. judged the quality of this

fraction acceptable for making alupinum
diecasting alloy 380, a major commercial
casting alloy. The differences in analy-
ses shown for the two minus 1/2- plus
1/4-in fractions reflect inherent heter-
ogenity of the sample. The copper con-—
centration is not a major concern, and

although the percentage of magnesium
is high compared with that specified
for alloy 380, magnesium is routinely re-—
fined from the melt during commercial
remelting.
Eddy-Current Middles

The eddy-current mwmiddles represented

about 9 pct of the test feed and con-

tained brasses, bronzes, monels, and cast
aluminum alloys. Some of the brass-
es were silver plated. These aluminum
and copper alloys have lower electrical

conductivity than wrought aluminum and
copper and deflect much 1less than the
purer wrought aluminum and copper metals.
On the basis of a 6-1b sample of eddy-
current middles leached with 20 pct NaOH,
aluminum was estimated at 30 pct. A 5-1b
test melt of eddy-current middles was de-
termined to contain 0.87 and 186.6 tr
oz/ton of gold and silver, respectively.

Eddy-Current Rejects

Eddy-current rejects included items
that showed little or no deflection dur-
ing their movement down the d1nclined

plane., This fraction contained nonmetals
such as plastics and ceramics, combina-
tions of metal and nonmetals such as cir-
cuit card chips, die—cast zinc¢, pieces of
lead, pieces of copper wire, nonmagnetic
stainless steel, and pieces of nonferrous
metals that, because of their size and
shape, are not affected by the magnetic
field. The minus 1- plus 1/2-in and
minus 1/2- plus 1/4-in eddy-current re-
ject fractions are fed directly to the
high-tension separator to separate them
into metallics and nonmetallics.

High-Tension Metal

High-tension separation involves the
passing of a dry mixture of materials,
metallics (conductors), and nonmetallics
(dielectrics) onto a grounded rotor in
the presence of an electric field. The
conductors and dielectrics receive sur-
face charges that have opposite polarity

TABLE 3. - Analyses of aluminum fractions recovered from shredded
avionic scrap modules (balance aluminum), weight percent

Screen SizZe...cseseesanseasiles | Minus 1 Minus 1/2 Minus 1/2
plus 1/2! plus 1/4! plus 1/42
B sws vaven suenaune T T I T ND ND 0.017
Cruussnvnnesunsvos ssaaossivssss 0.14 0.08 W17
Cltceseosnnoosecosssancnsssssnss 1.10 5.00 1.47
Py smwmmns senmesns sasagssns s .40 .37 .48
ME s summmne nasenans soasesss s 4,40 .69 1.59
Mlase sasnnue snaanvas bososisess 15 <.01 .23
Niseeesooooooooonoannas WA G . .06 ND ND
Siceieecocsnssnsscnncanns SR 2,30 .80 .48
TNl e et ee s e e e e ianaaan . .50 .50 | L4l

ND Not determined.

lReynolds Metal Co. analytical laboratory data.
2Bureau of Mines analytical laboratory data.
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to that of the rotor, The conductive
particles (metallics) lose these surface
charges in a very short interval and fol-
low a trajectory past a splitter arrange-
ment. Nonconductive particles (dielec—
trics) do not readily lose thelr surface
charges, and are attracted to the rotor
until they are drawn behind the splitter.
In processing a particular sample through
the high-tension separator, particle

shape, density, range of particle size,
ballistics, and splitter placement are
some of the determining factors in the

efficlency of separating metallics from

nonmetallics.

metal 1s the fraction
richest 1n precious metals. It repre-
sented about 17 pct by welght of the
initial feed and contained approximately
51 and 56 pct of the gold and silver,
respectively. The high-tension separator
operates with greater efficiency when the
particle feed is kept within narrow size

High-tension

limits. In this test, three size frac-—
tions of nonmagnetic materials were fed
to the high-tension separator: minus

1/4 in, minus 1/2 plus 1/4 in, and minus
1 plus 1/2 in. As listed in table 2, the
coarser fractions contained progressively
less precious metals than the finer frac-
tions. The combined high-tension metal
fractions from this test contained the
equivalent of 18.4 and 465.1 tr oz/ton of
gold and silver, respectively.

High-Tension Rejects

The high-tension rejects, a combination
of middles and tails, contained a high

percentage of nonmetallic material along
with circuit card chips that still had
metal attached. A trial sample (75 1b)
of this material, processed and assayed
by the toll refiner, contained the equiv-
alent of 5.0 and 87.5 tr oz/ton gold and
silver, respectively. This amount of
gold and silver 1s high compared with
the amount 1n some ores from commercial
mines; e.g., 0.09-0.50 and 15-16 tr oz/
ton of gold and silver, respectively
(7-8). However, the refiner considered
it too lean at that time for commercial
toll refining.

The minus 1- plus 1/2-in high-tension
tails consisted mostly of printed circuit
card chips. This material was added to
minus 1/2-in high-tension rejects ob-
tained from a separate test on printed
clircuit cards and reshredded in a knife
granulator with a 1/16-in screen. The
products from this shredding consisted of
a fluffy, powdered glass-rich product,
which was collected in a small baghouse,
and a minus 1/16-in heavy fraction. To

further 1liberate metallics from the
epoxy-bound fiberglass board, the minus
1/16-in material was then processed
in the high-tension separator. Table 4
shows the results of thls additional
processing of high-tension rejects.

About 7 pct of the reprocessed printed
circuit card chips reported as metallics
and 74 pct as rejects. The fine glass
powder collected in the baghouse ac-
counted for the remaining 19 pct.

minus
sent

sample (210 1b) of the
high-tension rejects was

A large
1/16-in

TABLE 4. — Material distribution and concentration and welght of contained
precious metals in reprocessed high-tension rejects!

Weight, | Distribution, | Concentraticn, | Contained precious

Fraction 1b wt pct wt pct metal, tr oz

Au Ag Au Ag

Baghouse lightSe.seseeesss 66.4 18.7 0.061 0.98 0.59 9.5
High-tension metal (minus

1716 Injus sesannn sesnans 25.8 7.3 .094 .88 .35 3.3

High-tension rejects
(minus 1/16 in)eseevenss 262.6 74.0 .006 .17 .23 6.5
Compositesesssvsenee 354.8 100.0 .023 .37 1.17 19.3

IMinus 1-in high-tension rejects

from previously

processed printed circult cards,

reshredded in a knife-type granulator equipped with a 1/16-in screen and reprocessed

through the high-tension separator.



to the toll refiner. The assay of
this fraction was equivalent to 1.7 and
49.6 tr oz/ton of gold and silver, re-
spectively. This was the only sample
sent to the toll refiner for which the
shipping, toll refining, and assay charg-

es exceeded the value of the recovered
gold and silver. The sample still con-
tained more gold and silver than natural-
ly occurring ores but, from a practical
standpoint, was too lean to justify addi-
tional mechanical processing.

Knockout Box Contents

The hammermill knockout box is a pro-
tective device incorporated in the design
of the mill, Objects that did not

Ll

shatter or shear into pieces small enough
to pass through the grates reported here.
These included large egg-shaped pieces of
wrought aluminum and battered sheets of
stainless steel.

PRINTED CIRCUIT CARDS

A separate mechanical processing test
was run on printed circuit cards that
were hand separated by the DPDS from

avionic scrap modules. A modified proce-
dure was used to eliminate unnecessary
unit operations.

More than 900 1lb of printed circuit
cards of the types shown in figure 5 were
processed through the unit operations

FIGURE 5. - Typical circuit cards and modules

search unit.

mechanically processed through the process re.
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shown in figure 6., Material distribution

of the available gold and silver.
Three product fractions—-baghouse lights,

and high-tension metal—-
about 60 pct of the printed
These three fractions
contalned approximately 87 and 93 pct of

the total gold and silver, respectively.

for the wvarious unit operations and
analyses of the fractions recovered are wire bundles,
shown in tables 5 and 6. The high- represented
tension metal 1n table 5 represented circuit card feed.
35 pct of the material feed and, as in
previous tests with general avionic scrap
modules, contained more than 50 pct
Printed circuit cards
HAMMERMILL
’ (Y2-in grates) ‘
BAGHOUSE L@hm———} l

AIR CLASSIFIER

!

Magnetics -—

MAGNETIC SEPARATOR

Nonmagnetics

:

WIRE SEPARATOR

——\Wire bundles

| SCREEN
L > Minus % plus Ya-in
l )
Minus Y%-in EDDY-CURRENT |
SEPARATOR ‘
v
e Rejects Al alloys

HIGH-TENSION
SEPARATOR

—

High-tension rejects
(minus Yz-in)

High-tension metal
(minus Y2-in)

FIGURE 6. - Mechanical processing flowsheet for printed circuit cards,
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TABLE 5. - Material distribution of mechanically beneficiated

printed circuit cards

Fraction Weight, | Distribution,
1b wt pct
Baghouse lightSsu«isesssssns svoasnns as 214.6 23.2
Wire bundleSeececeeevececsacasneasnane 11.2 1.2
Magnetics (minus 1/2 in)eeeeceesscaes 283.6 30.7
Eddy—-current aluminum (minus 1/2 in). 16.6 1.8
High-tension metal (minus 1/2 in).... 324.9 35.2
High-tension rejects (minus 1/2 in)..  16.6 7.8
COMPOSitesssnrossososasvonssases | 922.9 | 99.9
TABLE 6. — Concentration and weight of contained precious metals in fractions
of mechanically beneficiated printed circuit cards
Concentration, | Contained precilous
Fraction wt pct metal, tr oz
Au Ag Au Ag
Baghouse lightSsseeaseecesercencesocreccnssancons 0.075 | 0.6l 2.35 19.1
Wire bundleS.evsescenssceasans WEERNG s R R bR .068 .97 «11 1.6
Magnetics (minus 1/2 ek L S pe .030 .05 1.24 2.1
Eddy-current aluminum (minus 1/2 in)l..........,. ND .01 ND .03
High-tension metal (minus 1/2 in)eeeeeeesnssesnns .150 1.55 7.11 65.9
High-tension rejects (minus 1/2 In)eeeeeveesecsces .023 .37 W24 3.9
ComposIte: vise sumses s o wmesas s oo s s e e s s .082 .69 11.05 92.6
ND Not detected.
IThese fractions analyzed at Avondale Research Center; other data provided by toll

refiner.

Conventional processing of printed cir-
cuit cards by toll refiners currently
includes burning, rodmilling or ballmill-
ing, screening, and dissolving the screen
oversize 1in a molten heel of copper for
assaying and subsequent electrorefining.
The screen undersize 1s blended for as-
say. This conventional procedure may be
more practical than mechanical processing
since the products recovered from the
latter would require the burning and sub-
sequent steps to assay and recover the
precious metals. Since the circuit cards
are easilly segregated, the value of
mechanical processing seems doubtful.

The sample of printed circuit cards
processed 1n thils test (approximately
923 1b) contained the equivalent of 23.9
and 201.2 tr oz/ton of gold and silver,
respectively. For comparison, a sample
of mixed printed circuilt cards removed
from an obsolete computer and mechani-
cally processed through the PRU contained
24 and 57 tr oz/ton gold and silver.

ELECTRICAL PLUGS AND CONNECTORS

Approximately 600 1b of electrical
plugs and connectors of various sizes and
shapes were also hand separated from avi-
mechanically pro-
PRU unit

onic scrap modules and
cessed 1in a modified seriles of
operations. Electrical plugs and con-
nectors are cast or deep drawn metal
bands surrounding an insulator made of
ceramic, thermosetting plastic, or rub-
ber. Gold- and silver-plated pins or
receptacles, crimped or soldered to
wires, are embedded in the insulating
material in various patterns. The modi-
fied procedure for processing the con-
nectors 1s the same as that shown in fig-
ure 6, except the air classifier and
stationary baghouse were not used. The
only ailir classifiable 1light materials
generated during the hammermilling of
electrical plugs and connectors were
powdered ceramic, thermosetting plastic,
or wire insulation. This light material
was collected in the portable baghouse at
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TABLE 7. - Material distribution of mechanically beneficiated
electrical plugs and connectors

Fraction Weight, | Distribution,

1b wt pct

Baghouse lightS.isesescceseesosonnans 8l.6 13.6
Wire bundleS.cesssnasssosnwansssonens 6.6 1.1
Magnetics (minus 1/2 in)ueeececenoecn 53.2 8.9
Eddy-current aluminum (minus 1/2 in). 66.6 11.1
High-tension metal (minus 1/2 in).... 199.8 33.3
High-tension rejects (minus 1/2 in).. 191.8 32.0
COmMPOSitesssesrossssnoessnconcsas 599.6 100.0

TABLE 8. — Concentration and weight of contained precious metals in fractions

of mechanically beneficiated electrical plugs and connectors

Concentration, | Contained precious
Fractionl wt pct metal, tr oz
Au Ag Au Ag
Baghouse lightS..ceeeesanassssseocncasssassoscens 0.081 | 0.88 0.96 10.5
Wire bUBdleS: eoesnmenmasmmevrnnseninnion oanesnsnsss | .043 | 1.34 .041 1.3
Magnetics (minus 1/2 10)2. e uieenvevennnsencnnnnes | .020 .10 .16 .78
Eddy-current aluminum (minus 1/2 in)2...eeeeseees ND | .015 ND .15
High-tension metal (minus 1/2 in)eeecieeosesennss | L137 | 1.12 3.99 32.6
COMPOSIitesseeersssscnccnssoscscsesssnsnansas .059 .52 5.15 45.3
ND Not detected.
lyisual observation of the high-tension rejects (minus 1/2 in) indicated that, un-

like the circuit card high-tension rejects, the shattered
insulator material contained no contact pins
Therefore, no trial

hard rubber, and other types of
shredding with 1/2-in grates in place.
was sent to the toll refiner.

pieces of plastic, ceramic,
after
sample of this material

2These fractions analyzed at Avondale Research Center; other data provided by toll

refiner.

the
classifier and

hammermill discharge chute. The air
stationary baghouse were

contained 97 and 98 pct of the avail-
able gold and silver, respectively. As

not required for the rest of the material described earlier, the magnetic fraction
leaving the hammermill, which was fed is sultable for the copper cementation
directly to the magnetic separator. process, permitting the recovery of the
precious metals. Mechanical processing
Distribution and analyses of products of electrical plugs and connectors
recovered from mechanical processing of involves fewer processing steps than
electrical plugs and connectors are shown are required for the printed circuit
in tables 7 and 8. The high-tension cards and achieves considerable upgrad-
metal, representing 33 pct of the feed, ing 1in products representing approxi-
contained more than 50 pct of the total mately one-half the welght of the
gold and silver. The combination of original feed. The significance of this
baghouse lights, wire, and high-tension upgrading is discussed in the following
metal represented 48 pct of the feed and section.
ECONOMICS
An economic evaluation for mechanical equlpment costs, showed operating costs
upgrading wusing the operations shown in of $219/ton for a 6-ton/d and $44/ton
figure 1 was reported earlier (3). The for a 60-ton/d scrap feed throughput,
results, reflecting first—quarter 1980 respectively.
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TABLE 9. — Concentration and value of precious metals in recovered products

on a per ton basis

Scrap type Pct of total | Concentration, tr oz/ton | Precious-metals value?
Au Ag per ton scrap
General avioniceeosoo. 100.0 6.1 140.8 $5,100
Productsl........ 34,0 12,2 310.7 10,600
Circuit cardsseeesos. 100.0 24.0 200.8 15,100
Productsl........ 59.6 34,7 314.2 22,100
Plugs and connectors., 100.0 17.2 151.4 10,900
Productsl........ 48.0 34,7 308.1 22,000

lCombined baghouse lights, wire, and high-tension metal, percent of total recovered

products listed in tables 1, 5, and 7.

2Value based on Au and Ag assays shown in tables 2, 6, and 8, and 1983 high prices
of $508.50 and $14.25/tr oz (American Metal Market, Feb. 2, 1983).

Table 9 1s a summary of scrap and re-
covered product value based on the gold
and silver contents shown in tables 2, 6,
and 8, and the 1983 high prices for gold
and silver quoted in American Metal Mar-
ket, Feb. 2, 1983 ($508.50 and $14.26/
tr oz, respectively)., The data for gen-
eral avionic scrap show that the value of
contained gold and silver in the original
heterogeneous scrap was approximately
$5,000/ton, Mechanical processing yield-

ed products aggregating only 34 pct of
the total feed but valued at almost
$11,000/ton. The wmagnetics and eddy-
current aluminum and copper-base metals

can also be wmarketed for additional reve-
nue to help offset processing costs.

Data for the electrical plugs and con-
nectors also indicate attractive poten-
tial for utilizing mechanical processing.

more than 97 pct of the gold and silver
was concentrated in products representing
only 48 pct of the feed but wvalued at
over $22,000/ton. Some potential value
may also be realized for the recovered
aluminum and magnetics.

Mechanical processing of printed cir-
cuit cards is less attractive. The cards
as received reflected a precious-metals
value of almost $15,000/ton. After pro-
cessing, products representing about
60 pct of the feed contained a precious-
metals value of more than $22,000/ton.
Although some concentration 1is achieved,
economic justification for mechanical
processing seems doubtful since incinera-
tion and further processing for assay and
final recovery of preclous metals 1is
still required. Use of the conventional
processing may be more practical if ap-

The preclous-metals value of the scrap plied to the circuit cards as received,
sample as received was approximately without the additional cost of mechanical
$11,000/ton. After mechanical upgrading, processing.
RECOMMENDATIONS

Observations made during this study steel and roll the wrought aluminum into
indicate that a shear-type shredder (high egg shapes before they are ejected
torque, low speed) may be more suit- through the grates. A shear-type shred-
able than a hammermill for processing der has no grates, and the shredded mate-
large electronic scrap modules that have rial size depends on the configuration of
or have not been partially stripped the moving and stationary cutting sur-
of 1items containing precious metals, faces of the mill,
Hammermilling tends to bundle wup the
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One immediate expected benefit of using
a shear-type shredder is that aluminum
and aluminum alloys should be 1n larger
and flatter pieces, thus increasing the
efficlency of the inclined eddy-current

board, without the need for a rolls
crusher or other flattening machine.
Also, the nonmagnetic stalnless steel
would not be impacted as severely as in

hammermilling and would thus exhibit 1it-

also increase the efficiency of the in-

clined eddy-current board.

Addition of a granulator 1s also recom-—
mended as a means to further upgrade cer-
taln fine fractions prior to toll refin-
ing. It would provide capability also
for processing manufacturer's rejects of
individual components and for processing
miniature circuits to achieve better 1lib-

tle or no magnetic behavior, which will eration of metals and nonmetals.,
CONCLUSTIONS
l. Dry mechanical processing of gen- 4, Mechanical processing of printed
eral electronlic scrap, printed circuit circuit cards seems to be less attrac-
cards, and electrical plugs and con- tive, although excellent concentrates
nectors concentrates preclous metals into are produced. Concentrates amounting to
three main fractions: high-tension met- 60 pct of the total weight contained 87

al, wire bundles, and baghouse lights.
Some value can also be realized from the
base metals upgraded and segregated dur-
ing mechanical processing.

2. The process appears attractive for
upgrading general avionic modules that
have been stripped of easily removed
items but still contain preclous—
metals—bearing components riveted to the
modular frame or otherwise not readily
accesslble. Concentrates from the gener-
al avionic scrap represented only 34 pct
of the total welght, yet contained 68
and 75 pct of the total gold and silver,
respectively. Contained precious-metals
value for the concentrates 1is almost
$11,000/ton compared with $5,100/ton of
as-received scrap.

3. Electrical plugs and connectors al-
so exhibited marked upgrading via mechan-
ical processing. Concentrates represent-
ing 48 pct of the total weight contained
37 pct of the total gold and silver.
The precious—metals value of the concen-
trates is approximately $22,000/ton com-
pared with about $11,000/ton for the
as-received plugs and connectors.

and 94 pct of the total gold and silver,
respectively, Precious-metals value of
the concentrates is about $22,000/ton
compared with $15,000/ton for the as-
received circult cards. This degree of
upgrading does not seem to justify the
added costs of mechanical processing.
Circuilt cards are a well-segregated form

of serap, and conventional processing,
such as 1ncineration, grinding, assay,
and refining, without the added cost of

prior mechanical processing, may be more
practical. Actual economic feasibility
of mechanical processing of this type of
scrap as well as the above types can be
assessed accurately only by refiners and
others having detailed knowledge of the
costs of preclous-metals assaying and
refining.

5. The magnetic fraction containing
gold, silver, and nickel can be used for
copper cementation, A gold, silver, and
nickel residue would be a valuable by-
product from the copper cementation
process.
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