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THE RECOVERY OF COPPER FROM DILUTE PROCESS STREAMS

Y: SYNOPSIS

This paper presents a general review of the different methods - in
actual use or proposed -~ of recovering copper from dilute solutions.

The irrigation of low-grade ore bodies and tailings dumps, either
by natural mine waters or by enriched lixiviants, offers considerable economic
advantages over conventional methods of mining and beneficiation. At the preseht
moment such dilute process liquors are being treated by means of scrap iron
to recover cement copper. This practice is costly, especially in isolated
localities. Several alternative methods have therefore come under study.

In some cases it is possible to reduce scrap iron consumption by
pre—conditioning the weak copper solutions; two such methods are outlined in
the paper. Sponge iron containing silver or copper values makes a very
effective precipitant for cement copper. Water may be abstracted from dilute
effluents so as to pre-concentrate copper ions; quite generally, de-salination
techniques used for sweetening sea water may be applicable in the mining
industry. A specific case is quoted where a technique based on electrodialysis
shows promise.

Chemical precipitation of copper - other than cementation - has
often been advocated but not used in practice. lon exchange systems have
been thoroughly studied but so far they are not competitive costwise; the
same may be said of solvent extraction and of ion flotation methods.

Certain health hazards are pointed out and a system of automatic

analytical control is proposed.
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INTRODUCTION

Treating copper ores by heap-leaching and similar hydrometallurgical
means is a time-honoured practice, which was well-known even in the 19th

century., Later the method lost ground with the advent of better ore dressing
processes, particularly selective flotation. More recently there has been

a distinct reversion to leaching techniques, particularly for scavenging
operatlions in old mining stopes, in connection with LPF systems, irrigation
of tailings dumps and similar situations. One may predict with some degree
of confidence that these hydrometallurgical techniques will gain further
ground because the processing In essence is simple and it permits better
overall extraction of copper, particularly from low-grade or partly oxidized
ores.

In a few major operations lixiviation of primary ores is practiced
in which case the copper-bearing liquors may undergo recirculation in heap
leaching arrangements or the ores may be subjected to systematic percolation
treatment. The liquors resulting from this source usually are quite strong
(copper content above 10 g/1 Cu) and copper would normally be reclaimed by
electrowinning or cementation. Such processes when applied to strong
electrolytes fall outside the scope of this paper which will concern itself
mainly with the recovery of copper from weak liquors which may contain from
0.1 to around 3 g/l Cu

Total production from such dilute process streams is probably less
than 100,000 tons of copper per year and is therefore not a major factor In
the overall picture of the world's copper supplies. On the other hand, this
source of the red metal is more important to the copper mining industry than
mere production statistics would indicate, for the simple reason that we deal

here with low-cost copper which shows a high profit margin. Whether we deal
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with natural mine waters, witﬂ”lffluents arising from the artificial irrigation
of old workings or with run-offs fiom fafi%ngs ddmps5 all these weak cuprifer-
ous streams have certain characteristics in common: thef are usdally quite
acid and contain little copper but plenty of iron; despite such unprepossess-
ing appearances they can be profitable insofar as the copper may be reclaimed
at a cost which will normally be well below 10¢ pér pound. The reason for

such favourable economics is not far to seek: the residual copper in old stopes,
tailings, etc., carries no book value and any metal thus available, more or
less fortuitously, is to be had cheaply. In consequence the copper mining
industry obtains a gross return from such scavené!ng operations which - on a
worldwide basis - must be of the order $20,000,000 annually. This figure is

of course sﬁbject to the usual deductions for refining and realization charges,
overheads, taxes, etc. Even so, it is not a negligible sum for the mining
business, especially in these hard times.

Miners of the old school tend to look with a certain contempt on
such activities which fall within the realm of the hyd;pmetallurgist. To them
it seems to be less than a man's job to go sloshing around with dirty drainage
waters. However, | repeat, such scavenging operations are by no means marginal
as regards total dollar contribution and, using this all-important criterion,
there is no room for neglect. Approximately, each gallon per minute of an

effluent carrying one gram per liter of copper is worth $1,000 per year.
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SUMMARY OF COPPER WINNI @ METHODS

253

Broadly speaking there are four basic approaches to the problem of
reclaiming copper from very dilute process streams. |t is the object of this
paper to outline these, to describe the metallurgy involved in each case and

-

to point to those techniques which seem to show most promise of gaining ground
‘during the foreseeable future. In-situ leaching as such, a complex and f;scin-
ating subject that deserves the most careful technical study, will not be
covered in this particular paper.

The copper winning methods alluded to may be classified into four
groups :
(a) Precipitatibn of copper by direct reduction to the metallic state which
may be by means of cementation on a more electropositive metal or precipltat}on
by a reducing gas or by cathodic deposition.
(b) Precipitation of a copper compound such a hydroxide, basic carbonate or
thiocyanate. This approagh may be combined with so-called ion flotation, a
technique which is still In the development stage.
(c) Concentration of cugriferous waste liquors without phase change. Apart
from direct segregation of liquors too dilute to be processed this also compfises
techniques such as electrodialysis, evaporation and distillation, freeze de-
salting, etc.
(d) Absorption of copper compounds with phase change such as ion exchange,

solvent extraction, etc.
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| %&%REC IPITATION ON_SCRAP IRON

This is by far theéﬁost'commOn method of treating pregnant mine
waters and there are in existance a number of operating plants which have been
well described in the literature (1), (2), (3), (&4).

The main parameters governing the design of such plants are:
contact time, water velocity and launder ydiume per unit of copper reclaimed.
These of course are interdependent with tHe”COpper content of the process stréam.
As will be seen from Table | the design factors vary considerably from plant
to'plant, as does the copper content of the head and tailings waters. Within
certain 1imits the prime consideration is the volume of launder space in
relation to cement copper production, that is to say the size of a given plant
is governed less by the water volume to be handled than by the copper content
of these waters. From the point of view of turbulence and adequate diffusion
a relatively high water velocity is preferable provided that contact time does
not suffer.

Centralized precipitation plants located on the surface tend to fall
into two groups, the zig-zag launder and the straight.line arrangement. Both
types have their supporters. The zig-zag arrangement is more compact and some-
what cheaper to operate but it is less flexible if one wishes at a later date |
to add to the volume of water to be handleds 1In such a case contactAtime may
be maintained by adding more zig-zag launders to the system, but the velocity
will be raised in proportion and this may easily lead to difflculty with
suitable falls. Obviously the matter of adequate slbpes is extremely difficult
to correct in a plant already in existence. The straight line launder arrange-
ment lends itself more easily to the addition of parallel units, if scrap iron
is fed by self-propelled mobile cranes with ‘clam shells or electromagnets

instead of the overhead gantry arrangements which were formerly in vogue.
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At Cerro de Pasco copper reclamation tgﬁgimlne water is still located
underground in a channel along a main drift on the 1,400 ft. level, Al pregnant
waters are pumped from lower levels or gravitate from higher levels to this
dltch whi¢ch Is about 1,200 ft. long. By concentrat!ng all activities Into one
location considerable labour savings have resulted and operations have been
streamlined at practically no capital cost whatever. The scrap Iron still has
: to be taken underground but is easrﬁy dumped into position from ore cars. Under-
ground segregation of mine waters is practiced and the volume of water undergoing
treatment has thereby been cut from 1,800 gallons/minute to 500 gallons/minute.
However, segregation is not perfect and the so-called "barren" waters are re-
combined with the tailings water from the underground launders and pumped to
the surface by a single system to undergo further scavenging treatment in launders
located on the surface. This arrangement, although quite satisfactory, is not
considered to be the final answer and a new surface precipitation plané is now
under study.

Another system which we have studied but not put into practice is the
use of an old mine shaf;finto which the scrap iron is dumped. Laboratory testing
showed that very adequate stripping of the mine waters can be achieved by a single
pass through a packed depth of 65 ft. which we calculate would give a contact
time of 45-50 minutes. When percolating mine water through such a column at the
rate of 10 gallons/minute per sq ft. of cross-sectional area the copper content
was reduced from 2.4 g/1 in the feed liquor to 0.01 g/1 in the effluent. In other
words, a packed winze 12 ft. dia. would handle 1,000 gallons/minute without flood-
ing. Surprisingly we observed no {11 effects from aeration which of course cannot
be avoided under these conditions. The vertical column arrangement has much to
recommend it In theory;but some definite draw-backs could result in practice due
to compaction of a long column of scrap iron leading to inadequate liquor distrib-

ution.
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COMPARISON OF SEVERAL COPPER PRECIPITATION PLANTS

Plant Plant

A B

Launder system
line

Mine Water Flow

gallons/minute 2,500 840

Copper content g/l Cu

Head Waters 0. 85 2. 04

Tailingé Waters 0. 022 0.06

Copper recovered in

launders - percent 97. &4 97. 3

Daily production

pounds fine copper 2L,600 20,000

Number of launders 16 200

double single

Length per launder ft. 40 16

Cross-section above

grid. Width - ft. 1'8" 2'8"
Depth - ft. 5° 2'8"

Total effective launder
volume - cue ft. 64,000 21,362

Launder volume to
copper produced

cu, ft/pounds per day 2,6 1.1
Velocity of mine water

ft/min. 6 7 32,0
Contact time - mins. 192 50

Plant A:
Plant B:

Inspiration Copper (1)
Ohio Copper
(Bingham Canyon),  (2)

Plant C: Anaconda, Butte.  (3)

Plant E.

Plant
C

Plant Plant Plant Plant Plant
D _E F G H

line

Zigzag Straight Straight Zigzag Zigzag Zigzag Zigzag Zigzag

1,000 .-

5,000 590 1,360 276 2,000
. ]o 2-
003] 201“] 3.30 102 Z.L'_ 200
0.016 0,067 0.36 0.09 0.012() 0.10
9 972 891 925 99- 90 (estd)
18,000 17,100 48,000 3,600 57,000 22,900(catc)
20 3 40 8 2L 12
single 6 comp. single single double double
100 6l 40 34 25 12
10 10" 5! 6 8" 8"
3! 6l 3! ll" L'_l L'_l
3.0 4, 0 0.33 1.81 0.5  0.42
6.5 1.3 7.3 1.5 10 L 2(8.4 after
.expansion)
78 875 88 181 61 69

Plant D: Andes Copper (1) Plant G: Large Instn in
Cananea. k)

Plant F: Small Instn. in
South America,

North America.

Plant H: Proposed Surface
Plant at Cerro
de Pascos



SCRAP IRON CONSUMPT Iﬂ“

Although scrap iron is still almost universally used for cementing
copper from dilute process streams, It represents‘a relatively heavy cost item,
particularly in isolated localities where the right kind of scrap may be next
to unobtainables. Most 1ight sheet metal of f-cuts nowadays are lacquered and
have to be burned, shredded or otherwise prepared which adds to the expense.

In the future light scrap supplies will very likely be contaminated with
aluminfum canse While this should be perfectly satisfactory for cementation

as such, It may lead to a seribus toxic risk as outlined more fully later on.
In most mines there is a surplus of heavy scrap such as old castings, rails,
and so on. Such materials byéreason of their relatively small surface or high
carbon content are not very effective precipitants but they can be used up
~gradually by pushing them into the first few launder sections where the acidity
of the waters is highs Obviously the best scrap must go to the final or scav-
enging sections In order to strip the copper down to the lowest possible figure.
Even with those precauttqns it is doubtful whether any precipitation plant
working on scrap iron albne can reduce the copper content of its tailings
discharge to less than 60 mg/1 Cu. without resorting to artificial agitation.

Scrap iron consumption varies considerably from plant to plant and
is very largely dependent on the ferric iron content of the pregnant waters.
Obviously all ferric fron must be reduced to the ferrous state and much free
acid must be killed before precipitation of copper can take places. In practice
a good working figure for effluents containing ferric iron is 2 1bs. scrap per
pound of copper precipitated although there are instances where a lower consump-
tion of scrap iron wi]} suffices We have found that pyrrhotite is a very
effective reducing agent for ferric iron and pilot tests have confirmed this .
fact. By leaving pregnant mine waters in contact with lump pyrrhotite ore for

three hours we were able to reduce all iron to the bivalent condition and
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effectively cut down scrap t?qn consumption to 1.25 1bs. scrap/lb. of coppér

precipitated (5). The reaction may be written stoichiometrically as followé:

Fe;Sg + 32 Hy0 + 31 Fey(S0y)3 ——3- 69 FeSOy + 32‘H2504

According to the above reaction one pound of pyrrhotite would have
the same reducing power as 2. 68 pounds of scrép irone In actual fact we have
found that one pound of pyrrhotite will replace from 1.5 to 2.2 pounds of scrap
depending on the grade of pyrrhotite used. |

In our experience pyrite does not have the same reducing effect as
pyrrhotite even if contact with air is rigidly excluded. Yet from time to time
we have come across a curious phenomenon whereby metallic copper seems to have
precipltated on truly pyritic mineral in the mine but such occurrences are very
rare and we have never been able to reproduce this occurrence under controlled
laboratory conditions. Nor Is such a reaction very probable in terms of
thermodynamics. The coating of pyrite or sphalerite by copper sulphide 1is of
course a very different matter. As every mill man knows, this can and does
take place, a contingency that one must always bear in mind wheﬁ irrigating
old stopes with near-neutral waters containing dissolved copper.

Another effective way of conditloning mine waters prior to precipit-
ating copper Is to contact them with roaster gases contalning sulphur diéxide;
this can be done for Instance in a normal gas scrubber system Whenever a
roasting operation is carried out In location close to oxidized mine waters
this 1s a possibility that merits careful consideration. A more specific case
will be cited below (6). Inéidentally the irrigation of roaster gases with
oxidized mine waters may help to overcome - at least partiﬁ]iy - a nul;ance from
sulphur dioxide emissions. Small scale experimenfs whléﬁ we'cgrried:out -

contacting actual mine waters and roaster gases containing around 9% SOZ in

e e e e e e et enlnhiir dlaxlde can be



-10 -

absorbed and most of the ferric Iron reduced in a simple scrubber system of
. quite modest proportions. Again the net effecﬁ’és far as mine waters treatment

w Is concerned is a marked lowering in scrap fron'consumption.

Fe2(804)3(aq) + S05(g) + 2 Hy0(1) —» 2 FeSOy(aq) + 2 HpSOu(aq) °© F - 28,9
Kcal/Mol.

A relatively low acldity assists the reaction, while low oxygen

concentratlon Is essential; otherwise the "autoxldation" reaction takes over:

S05(g) + 2 FeSOy(aq) + 0,(g) —=3 Fe,(504)3(aq) Ec;]%; 9

The latter reactlion can of course be very helpful for leaching but
It 1s qulite detrimental in the cementation stage.

A full discusslon of the oxldatlon-reduction reactions that may
occur when various sulphide minerals are brought into contact with acldic waters
containing ferrous and ferric salts is impossible within the framework of this
particular papers The physical chemistry governing such systems Is quite complex
and a thorough study Is most rewarding, both from the fundamental and from the
practical viewpoint. Most publications on the subject seem to limit themselves
to empirical observatloﬁs but there are avallable a few good dissertations on

the thermodynamics involved (7).

SPONGE IRON AND SIMILAR PRECIPITANTS

Indications are that the use of scrap iron will gradually decline
in favour of spoﬁge irone As is well known sponge {ron has<been cqmlngklnto
use on an Increasing scale in connection with leach—pfeclp!tétibn—flotatlon
systems (8), (9), (10), and its use has contributed markedly to the extractlion
of copper from partl§;oxldized oress In LPF plants the sponge is used In the
finely divided state;“dften after magnetic up-grading. There is no fundamental
reason why a similar technique should not be applied to mine waters but it is.

evident that the use of such matefial would mean contacting In agltation vats
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which is relatively costly. 'Assume an effluent containing 1 g/1 Cu at a rate
of 2,000 gals/minute. With a confactfng time of 30 minutes - Qﬁith we have
found reasonable for this kind of processing - a total agitator volume of
60,000 gallons is called for and this is a fairly big installation. Counter
current contacting being impractical, precipitant must be added to each
égltator in series ; there should be some excess sponge in the system in the
final agitator, to avoid any re-solution of coppers

We have found it possible to make a pelletized sponge by roasting
pyrite pellets in a fluidized bed (the roaster gases can be used for pre-
conditioning mine waters, see above) after which the pyrite cinders, still in
the pelletized form, are converted to sponge iron by gaseous reduction, also
in a fluidized bed (11). In this way a particulate product can be obtained
which contains 80% metallic iron and has a particle size of around 1/4" diameter.
While normal cementation launders are not suitable for this type of precipitant
the material can be quite readily handled in jigs. For a prolonged test run
we used a converted coal jig of the fixed-bed type and the results we obtained
were distinctly encouraging as regards contact time required and copper content
in the final tailings discharge. Sponge consumption was similar to that of
scrap, based on the content of metallic iron in both matefrials. Incidentally,
we also found jig agitation very useful when practicing cementation on scrap
iron. For a scavenging operation involving partly decopperized waters we would
recommend a retention time of ten minutes only to strip the»water down to

less than 30 mg/1 Cu (see Table 11).
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COPPER RECOVERY IN PILOT JIG
WITH DIFFERENT TYPES OF SCRAP IRON

Feed Water Strength - mg/1 Cu

/2 20 212 120

Lacquered Offcuts - burned 92,9% 90.9% 87.5% 7% 1%

(25) (21) (27) (25)
Galvanized lron and Clean 90% 86.5% 85.3% 7% 1%
Tinned Scrap (35) (31) (31) (25)
0ld Tin Cans (used) 91.8% 85.6% 8. 1% 72. 7%

(29) (33) (34) (33)
Black Steel 86 1% 822, 87.5% 75 9%

(49) (#)  (27) (29)
Lacquered Offcuts - unburned 87.4% 67.5% 67.5%

() (750  (69)

Figures in ( ) denote copper content of jig discharge in mg/1 Cu;

Contact time 10 minutes in all tests.

- S Em e A R M w=e M M e

The economics of preparing sponge iron pellets depend very largely
on the raw material at hand. In our particular case we have available pyrite
containing silver to the tune of 10 oz/ton Ag, plus a small amount of copper.
Under such conditions we estimate that the cost of making the sponge is fully
defrayed by the value of the silver which enters the cement copper to be
reclafmed through the norhal copper refining circuite An Interesting scheme
which we have studied and piloted rather extensively Is the preparation of
sponge iron from zinc leach residues (12). These zinc leach residues arise
fr ! the treatment of marmatitic (high-iron) zinc concentrates.inyqqr
éleééré’?tlc zinc refinery. They are in essence a crude zinc ferrite carrying
all the silver and lead present in the original concentrates. The processing

scheme in simplified form Is indicated in Table Ill. The leach residue slurry



TABLE 1H
SPONGE JRON FROM LEACH RESIDUE

PROPOSED FLOWSHEET - SIMPLIFIED

Reclaimed Leach Residue
1,000 Kgs dry weight

24% In 32% Fe
65%Pb  0.5% Cu
1Yo:/t Aq  120zA In

Fine Anthrocite
420 Kgs
80 % fixed carbon

RESIDUE
DRYER

Sulphuric Acid
113 Kgs

Y

Pelletiser
ond

Pellet Dryer

Double-Deck

Screen

Fuel Oil
50 Kgs

On-Size Pellets
. 1/2" + ]/B"

N

Rotary
Pellet

Fuming

Kiln

+ 1/2" 0/8

- 178" U/S

)

Fume L eaden
ii4n Gases

Crude Sponge Pellets
510 Kgs

6£3% T/Fe, 37% Met/Fe

18% C 1% Cu

17 o2/t Ag

Crusher

Non-Magnetic
Carbon Residue
230 Kgs

37% C, 56% Fe

4

!

Magnetic

|

i

|

|

i

|

|

|

|

|

|

i

Separator |
1

A

gs
88% T/Fe, A0 % Met/Fg

i
|
|
|
Upgredad Sponge |
PITH Kge |
!
3502/t Ay 1.5% Cu !

7

Te Mine Water

Cementation

1
|

Cooler
and
Boghouse

|

Zinc Fume
346 Kgs
63% Zn, V7% Pb
£t 502/t Ag, 3302/t In

ih

Te Zirc Leaching;
Residue b, In Recavery
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is thickened and filteredy after partial dirying the filter cake is palletized
with anthracite or similar iow volatf!e fuels A rotary kiin treatment
volatilizes all the zinc, lead, indium and cadmium plus a minor portion of the
silvers This zinc fume is ra-cycled to the zinc reflning circuit and all

the metals are recovered by a system which s outside the scope of this paper.
The kiln residue consists of a crude sponge czrrying the iron, copper and

most of the silvere As withdrawn from the kiin It has a metsliic iron content
of around 40% Me:/Fe. It remains in the pellatized state throughout and thus
effectively prevents accirestions in the kiln. The formatlion of as=retions
has been a major drawback in rotary kiln processes heretofore).

This crude sponge can be used for the cementatlion of copper from
mine waters, etc., directiy; (2ltzernatively It may be up-graded by retorting
or by crushing and megnetic sepavation) In the former case the resulting
cement copper will be of relatively low grade, partizulzrly if the original
zinc concentrates carry more than one percent or so of insait ble gangue all
of which will report in the kiln producte Aithough contaminated by various
inert fillers, the sponge is an active precipitant for coppere While outside
the scope of this paper it may be added that uniike scrap fron the sponge aiso
will precipitate metallic lead from chloride soiutions (33).

Although cement copper chtained with this kind of sponge fron will

have a lower copper content than the cement deposited on scrap, this is of
secondary importance in cases where the crude cement copper can be smelted
locally without undergoing long distance transport or being sold outsides

Cement copper is normally charged to the converter and the smeiting cost is

L

ade is abova 30% Cu In fact a

£

L{n]
=3

not very seriously affected providad the
small smelting credit aczrues to any silica contzined in the cement copper
which is beneficial in the converter. The Important point is that the silver

and copper origlinally in the zinc concentraties repcrt in the leach residue,
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from there they migrate via sponge iron to the cement copper and are eventually
thrown into the converter charge,

Table IV {l1lustrates the point that in this kind of operation
copper recovery is far more significant than cement grade. In a typical case
it would be in order to raise copper recovery from 90% to 91% even if such
action resulted in a drop in the grade of the cement copper from 75% Cu to

55% Cu.
TABLE 1V

RECOVERY -v- GRADE OF CEMENT COPPER

When raising copper
recovery from- 70% 75% 80% 85% 90% 95%
 to- 7% 76% 81% 86% 91% 96%

Grade of cement copper

may be lowered from- 75% Cu 75% Cu 75% Cu 75% Cu 75% Cu 75% Cu
to a minimum a of- 50.7%4 Cu  51.8% Cu 528% Cu 53.7% Cu 54 6% Cu 55.4% Cu

. e gm wm s o Emm e en e

Assumptions : Cement Copper contains 25% water
Dry Cement Copper contains 75% Cu
Production cost Cement Copper $75 per DST
Transport and Converter Smelting $9 per DST
EMJ price ¢30 per pound copper

Refining, Shipping and Sales Charges ¢4 per pound copper

While we have found that pelletized crude sponge acts extremely
well when contacted with mine waters in a jig of the plunger type, for
industrial operation we would prefer a moving bed type of jig for this duty.
The mechanics of the process are then quite aklin to those which apply to the
resin-in-pulp technique of ion exchanges. Jig agitation promotes a continual
cleaning of the active Iron surfaces and achieves close contact of fresh
sponge with copper-bearing liquors, hence the favourable retention times
‘This very fact entalls a certain disadvantage: while much of the cement
copper collects in the jlg hutches, some is carried over into the effluent

stream whence It has to be separated either by thickeners of the conventional
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type or by hydr9clones. Inasmuch as some of the cement copper is of fairly
fine pafficle size (5; or less) we have found cyclone separation at modest

pressures not too effective; sedimentation however is rapid when assisted by
the addition of some proprietary coagulant. We would have no hesitation in

basing a clarification system for a dilute slurry containing cement copper in

suspension on a settling rate of 1 ft/hr. (see Table V)

TABLE V

SEDIMENTATION OF CEMENT COPPER

Overflow Rate Separation Copper Recovered
ft/hour Size - p in Underflow
0. 41 3.0 99. 5
0. 45 3.5 99. 0
0. 64 L. o 98. 0
0. 83 L, 5 97.0
1. 63 G 0 92. 0
3’ 75 90 0 780 5

NOTES: Copperprecipitated in a jig at pH 2.5, from a pregnant solution
containing 0.78 g/1 Cu;
0.1 g/1 Separan added;
Recovery based on suspended copper only.

Nevertheless it must be stressed that re-solution of some copper
during thickening can and does occur, particularly when the jig overflow has
been stripped to a point where it carries less than 50 mg/1 dissolved copper.
Speed is of the essence in this clarification step and final tailings losses.
should always be calculated on dissolved plus suspended copper. In some cases
it may be advantageous to add a little ground sponge iron to the thickener for
added protection; this may be separated later by a magnet, for re-use. |In
other situations where the final tailings waters are re—cycled over leach
dumps etc, the problem may not be significant. One thing is certain; a

mechanically agitated cementation device will produce a cement copper of

finer grain than a more or less stagnant launder system filled with scrap
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iron. The grain size of the cement copper Is also very much affected by the
strength of the mine water and by the final acidity; at a high pH a much
coarser cement product results.

Underflow from the thickeners or hydroclones can conveniently be
handled in vacuum filter pans or In pressure filters, From a pulp containing
34% solids we were able to build up a 1" filter cake in less than 2 minutes
under 40 psig pressure, final moisture of the cement copper cake being 13%

No doubt de-watering by means of a centrifuge would be equally satlsfactory (14).

Other forms of Iron may become available f:: purposes of copper
cementation: recently there appeared on the market a granulated pig iron (15)
which would be handled equally well in launders or in jigs but, being a
chilled iron, the carbide content makes it rather unreactive. By contrast our
sponge Iron contains much carbon but very little carbide, having been produced
in a kiln at relatively low temperatures. An interesting type of iron intended
for cementation of copper is under development by one of the big copper producers
(16, (17). 1t Is made from a special copper converter slag exceptionally low
in silica; this is subsequently granulated and reduced to the metallic state.
This material may contain up to 5% Cu which of course would be recoverable

when the product is used for cementation purposes.

CEMENTATION OF COPPER BY REDUCING GASES

Cementation of copper powder by hydrogen, particularly from
ammoniacal solutions, has received much publicity recently but as far as is
known there have been no attempts to apply these ralatively costly pressure

processes to very dilute effluents such as mine waters.
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CATHODIC PRECIPITATION OF METALLIC COPPER

In the present state of the art there would appear to be little
scope for reclaiming copper by direct electrowinning from solutions containing
the metal in concentrations below 5 g/l. Low current efficiencies, polaris-
ation and consequently high cell potentials severely militate against such an
approach. It is true that some copper refineries strip their discard electro-
lyte down to 0.5 g/l Cu by means of cells with insoluble anodes, but the main
objective in such cases is to remove impurities from the circuit, to reclaim
nickel sulphate, etc, etc.

Yet some intriguing ideas appear on the horizon of copper hydro-
metallurgy; these may well affect our thinking and direct it towards electro-
winning of copper from dilute discard solutions; some metal lurgists (18) have
reported copper refining at very high current densities using a system of so-
called channel electrolysis, whereby the copper electrolyte is swept past the
cathodes at high velocity, while research workers at the U.S. Bureau of Mines
have gone even further (19) in effecting electrodeposition at extremely high
current densities with the aid of ultrasonic vibrations. In neither case have
there been reports of applying such methods to very dilute electrolytesj but it
is easy to extend the principle in this direction. Thé only impediment in the
way of such techniques is the limiting factor of diffusion rates which in turn
leads to polarisation and excessive hydrogen evolution at the cathode. |If the
thickness of the diffusion layer can be reduced sufficiently through violent
agitation of the electrolyte (it matters little what means are employed to this
end) electrowinning of copper from mine waters may become quite commonplace,
with residual copper in the discard stream in the milligram-per-liter range,
Such a system would yield notable advantages in other ways: the copper would

be in the form of a fairly pure metallic sponge, to be refined without further
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'smelting treatment or even - to follow a more recent development - to be

'"éoﬁpacted difecfly into commercfal shapes. Depending on the composition of

" the electrolyte, acid and/or ferric sulphate would be regenerated at the

anode; this could be very useful in cases where the de-copperised waters are
" to be re—cycled over leach dumps etc.

Indirect electrowinning of copper from mine waters is of course
‘jiperfectly feasible, {.e. after pre-concentration by one of the methods to be
described later on. Assuming a normal electrolyte circuit, the copper content
of the eluate or concentrated secondary liquor should be not less than

10 g/1 Cu, and preferably twice this strength,

PRECIPITATION OF COPPER COMPOUNDS

The use of ground limestone or burnt 1ime has often been advocated

- and occasionally practiced as a "simple" way to precipitate copper from low-
grade effluents. Also it has been claimed that iron can be separated from
dissolved copper by neutralising the liquors with ground limestone. This
approach may be quite suitable where the ratio of iron to copper in solution is
low (a rare case indeed) or where the principal object of the treatment is to
prevent an effluent nuisance from acid or from soluble sulphates. Such |
understand was the situation which confronted a major copper mining operation
in Chile and neutralising the noxious discharge waters with limestone proved to
be the answer. On the other hand if it is desired to reclaim the most copper
at the lowest cost, then this kind of procedure has little to recommend it.

The precipitate will consist mainly of basic iron salts and calcium sulphate
and will be very awkward to handle; the copper content of the precipitate being
quite low the amount to be treated will be prohibitive. Anycne who has en-
countered mine water propositions which suffer from co-precipitation of "ochre"

slimes will know what | mean. Parenthetically, the chances of in-situ leaching
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of old mine stopes will be severely curtailed if the active lixiviant waters E
pass through adjacent limerock formations. Next to seepage losses uncontrolled'(
precipitation underground is the greatest bug in this kind of Irrigation scheme.
As far as preferential precipitation of basic iron carbonates is
concerned, leaving copper in solution, we have never had much tuck with it:
during an extended pilot run on ion exchange separation - to be described more ...
fully later on - we had first to condition our mine waters at pH 3.5; this
was done with crushed limestone. Even under such relatively acid conditions we
always had to accept a copper loss amounting to around 15% of intake;
admittedly in this case the iron:copper ratio in the liquor was high at 16:1.
Precipitation of copper sulphide has been mentioned in the literature;
it may have its place in certain special situations, e.g. If crude natural gas
happens to be on hand. Another proposal of interest is the précipitation of
cuprous thiocyanate, which Is decomposed to cuprous oxide with simultaneous
regeneration of the expensice thlocyanate radicle (20). The scheme which calls
for the addition of sulphur dioxide gas to the mine waters is quite ingenious
and must have tickled the fancy of several hydrometallurgists, but | have never
heard of an actual installation based on the method. We carried out some half-
hearted pilot tests, but found that the cuprous compound was not nearly as
readily filtrable as the inventors claimed. Also the consumption of caustic
soda - which is used to regenerate an alkali thiocyanate - seemed to us a little
costly. Lime may be used In place of caustic soda but this entalls a secondary
flotation step to separate the insoluble salt from cuprous oxide. I.repeat, our
own work on the process was rather cursory and 1 would not care to pronounce

definitely for or against it.
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PRE-CONCENTRATION OF DILUTE PROCESS STREAMS CONTAINING COPPER

The most obvious approach to pre-concentration and one that
naturally appeals to practical mining men and extraction metallurgists is
to make a clean separation of copper-rich streams and of "barrer' water,
before processing. However, along this seemingly straightforward route there
lie many pitfalls. In some cases where segregation appears to be called for
at first sight, it actually may lead to loss of copper and of monetary
contribution. This arises from two causes: firstly in the case of mine
waters collected underground it Is quite difficult to separate water streams
which are absolutely barren. Secondly it must be emphasised agaln that cement
copper is low-cost copper and the aim must always be to get maximum metal
recovery even though it may mean processing larger volumes of liquor. Even
labour productivity may have to be sacrificed to some extent to the prime
objective of maximum metallurgical efficiency. In a typical case labour cost
for a cementation operation would be of the order of one tenth of the value
of the recoverable cdpper. It follows that a rationalisation measure which
reduces labour cost by a third must not lead to a lowering of metal recovery
in excess of 3% otherwise a loss in contribution results.

Also the capital cost and operating expense of most precipitation
plants tends to be governed by the amount of copper produced, not by the
water volume handled. A twpical cost pattern would be expressed by a formula
such as :

B
Operating cost per pound of copper = A + q
where A and B are constants while q denotes the concentration of copper in
the mine water. A numerical example is given in Table V! from which it will

be seen that - for the particular case quoted - it would be unsound to reject

weak liquors unless they contain less than 79 mg/1 Cu, while the actual cut-off
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TABLE VI

EFFECT OF SPLITTING MINE WATER lNTO PROCESSING AND DISCARD STREAMS

Assumptions: Original Water contains 0.25 g/1 Cu

Cost of Cement Copper = 3.0 % —-—é-cents per pound fine copper

where q = copper content of water in grams/liter.
Mine water strength - g/l Cu (0. _057) (0. 10) 0.25 - - 0.50 1. 00 2. 00 5.00

Cost - ¢/1b. fine copper | _
recovered (25.0) (15, 5) 8.0 5.5 Y, 25 3. 625 3.25

Gross return - ¢/1b. fine
copper recovered o (%5 170 19.5  20.75 21,375 21.75

Recovery - percent (based on
constant tailings value of

0.030 g/1 Cu) (70) 88 9k 97 98.5 994

Gross return - £/1b. copper in mine
water at different ratings of discard

stream: .
—> Segregation sound <—
Discard stream: 0.00 g/1 Cu | 14,96 18,33 20.13 21.05 21, 62
0.03 " " | 17,16 18.26 18,81 19.14
0,05 " " 160 29 16.35 17.27 17.47 '
0,08 " " | |84 1488 191 149k
o.l0 " " 13,75 1342 13.30  13.24
.15 " " |47 9k7 %10 8.92

———*Segregation unsound <——
Example: Mine water contaivning 0. 25 g/1 Cu wi‘ll ‘give a'gross return of

¢14. 96 per pound of copper contained. {f this is split into a

processing stream (2.00 g/l cu) and a discard stream (0. 10 g/l Cu)

the monetary return is reduced by ¢l’-l. 96 - 13, 30 or £1. 66,

equivalent to a loss of 11.1%
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polnt for waters without separation Is a 1lttle lower still at 57 mg/l Cue

Even If thorough test wﬁ}k ﬁroves that a near-barren water flow
- can be successfully rejected; dué'alloWance must be made for the possiblility
of human error. By an accidental situation underground it may happen that
for a 1imited period barren and pregnant streams intermingle and are carried
to waste. f this should occur for only a few days every year any advantage
of segregation may well be nullified. Where segregatlion is practiced, separate
launder and pumping systems underground are mandatory. To use the same
equipment alternatively for pumping pregnant and barren solutions would be
courting disaster, to say nothing<of the considerable surge storage capacity
which would be needed, both ahead of the pumps and ahead of the preciplitation
plant.

It is often thought that by splltt!pg off water streams which
carry next to no copper a strong but barren lixiviant may be obtained for
surface heap leaching etc. This surmise seems reasonable If one deals with
water percolating through a pyritic ore body where 1t should pick up no
copper but pTenty of ferric Iron. As far as the Cerro de Pasco mine is
concerned we were dlsappointed In this respect; Extensive sampling has
proved beyond doubt that the lron:copper ratio in all the water streams
from various parts of the mine remalns more or less constant. One possible
explanation may be that the presence of a 1ittle copper catalyses the
oxidation of pyrlfe by a reversible shift from the cupric to cuprous iron.
Incldentally, this Is a good reason why mine waters inteﬁded for recirculation
should not be stripped of thelr copper content entirely: a little residual
copper wlll asslist quite markedly In promotlng re-oxidation of ferrous fron
for subsequent heap leaching etc. It is well known that the mechanism of
regenerating ferric sulphate has been quite extensively studied in recent

years and that bacteria have been called In to redress the balance (21).
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From our own-observations we are Inclined to think that.it is quite easy ..
to re-oxidise spent mine waters; in fact we cannot keep them in the
reduced condition. . Perhaps.we have some very potent bugs.in our tailings .

waters, wlthout knowing it.

Subject to the limitations outlined above. it is agreed then.
that the mining engineer should avoid indiscriminate mixing of effluents
which Nature has kept apart. More often the prob]em,confrqnting us is the
reverse, namely that of splitting up a dilute and. truly homogeneous solution
into a concentrated electrolyte and into. fresh water. In this field there
are distinct opportunities for technical development. The idea of sweetening
saline waters has aroused keen interest of late and money is being put into
some extensive piloting ventures. In our minds we do not normally connect
such activities with mining in any form, but a moment 's reflection will
show that the principle of separating sea water into potable water and
residual brine Is exactly analogous to that of enriching dilute sulphate
liquors by abstracting fresh water from the system Even the technology
could be similar if for the moment we restrict the discussion to processes
not involving phase change of the solutes. Provided the solvent (watg() is
abstracted by freezing, by evaporation, distillation or through the
separation of solid hydrates, in principle it matters tittle whether the
residuum is salt brine or a concentrated solutiqn of_heavy:metal sulphates,
except for secondary englineering problems such as corrosion or scale formation.

A full discusslon of. these de-salting.processes.would be
impossible within:the framework;of thjszpapers,.in any case thqre,is;r
available an abundance of technical literature on the subject, A recent_ .

paper by B.F.Dodge (22) presents an excellent outline of. the thermodynamics
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and energy requirements of the different separation methods, while an
ACS monograph published In 1960 (23) gives very full detalls of the
dlifferent technlques under study. For a brlef summary the reader may
be referred to an article by E.D.Howe (24) whlch appeared three months
ago. A very elegant technique Is that of removing the water, not by
simple freezing, but by precipitation as a solid hydrate; such hydrates
are formed under conditions of moderate pressure and temperature by the
higher hydrocarbons.

The object of all these processes Is to provide fresh water
suitable, 1f not for human consumption, at least for Irrigation purposes,
at a cost of around $0.50 per 1,000 gallons. (! have found no mention
of recovering metals from the resldual brine, but such an approach would
not be beyond the realm of posiibility). When deallng with mine dralnage
waters our first consideration would be to recover the heavy metals,
particularly copper, but there may be many sltuations where the co-produced
fresh water_would.bqu_dl;tinct asset for use In concentrators etc. The
problem of cost may not be insuperable. Assume fresh water can be separated
at the figure mentloned; for a mine effluent containing 1 g/1 Cu this
would be equlvalent to Gf per pound of copper. It could be worth that much
to obtain the copper In a concentrated electrolyte from which the metal |
can be obtained by electrowinning. Free acid and zinc - our mine waters
normally contain around 1 g/1 Zn - would also be recoverable and, last

but nct least, on the credit side there would be fresh water.

One technique of this kind which deserves speclal mention Is
that of electrodialysis. It is heartening to report that this was plon-
eered by one of the big minlng groups, not so much for recovery of metal

values but to combat a fresh water shortage (26). Many dlssertations on
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the possibilities of using this method - both for generating fresh water
and for chemical processing - continue to'appear in the technical press
and are worth following up (27), (28), (29), (30). 1 am not quite clear
whether electrodialysis should strictly be classed amongst the processes
that involve no phase change of the solute because in sohe respects the
principle involved is related to that of fon exchange, but in actual
practice a concentrated aqueous "transfer stream”" is obtained directly
and on a continuous basis.

We are carrying out some bench scale tests on the concentration
of mine waters by electrodialysis. Our objective Is a limited one which
fits into the local picture at the Cerro de Pasco mine: a lead-zinc mill
is situated close to the minehead which uses copper sulphate for zinc
activation. It would save some money if instead of shipping cement copper
to the smelter at La Oroya and returning copper sulphate to the concentrator -
the salt being obtained from the copper refinery discard electrolyte - we
were to branch off a fairly concentrated copper sulphate liquor directly from
the mine and pipe it to the mill. This would also make-ava!lable< a correspond-
ing quantity of copper sulphate for outside sale. In this case we are aiming
at an enriched mine water containing at least 10 g/1 Cu. Only about one tenth
of the copper arising in our total mine water flow would be needed for this
particular scheme. Therefore we are in the fortunate position of not having
to make a good copper rgcovery‘in'the electrodialytic system; the tailings
stream would simply be added:to the cementation launders or jigs. So far
we have been able to upgrade the copper from 2 g/1 in the feed stream to
around 8 g/1 in the transfer stream Ferric iron in the feed glves rise
to various difficulties with the membranes and electrodes, but after reducing
most of the iron to the biyalent conditlon we are experlencing’little trouble.
Up to now we have not obtained much selectivity; cupric,ferrous,hydrogen and

sulphate ions all migrate to the product stream
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RECOVERY OF COPPER BY ION EXCHANGE AND RELATED PROCESSES

The application of fon exchange techniques has been extensively
studled In our research laboratorles (31), (32). A pllot.plant was installed
in 1956 and was in active and contlinuous use for almost two years. Laboratory
work had established that cationic resins of the carboxyll¢c type were the
most promising, with regard both to selectivity and absorption capacity, for
the particular mine waters we had to treat. The raw waters - partiy de~-
copperised in cementation launders underground'— were passed through tanks
fllled with 1imestone to ralse the pH to 3.5 which we found was the highest
permissible acidity consistent with good performance of the resins in the
calcium form. During this pre-condltioning some ferric hydroxide was
removed from the feed liquors. After clarification in sand filters the mine
waters were passed through a three—column resin bed system as follows: two
columns were connected in series, the resin in the first being loaded to
capacity and that in the second column to the breakthrough point for copper.
Meanwhile the third column was eluted, treated with saturated 1ime water for
resin regeneration and flushed out with fresh water to remove minor amounts
of calcium sulphate formed during regeneration. This cycle permitted con-
tinuous operation and was quite satisfactory. The eluate contained about
10 g/1 Cu and was subjected to cathodic stripping of copper, the acid elec=
trolyte being returned to the system for resin elution.

MetalTurgical results for this system are summarised in Table VII.
It will be appreciated that many process variables came In for testing
during the 21 months of operation. The data quoted are not the optimum
conditions established during this work but are the mean values covering
the whole test perlfod. 1In the light of the experience galned we could

certainly Improve .further on the metallurgy in a full scale production plant.
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We encountered a fair amount of resin degradation (for details please see
Table VIIl) which was mechanical rather than chemical; this undesirable
feature would put a distinct limitation on the fon exchange method as
applied to a relatively low-value process stream Our work on thls project
was terminated in 1958 and it may well be that better and cheaper resins

are now available.

Our findings from this extended test programme may be summed up

as follows:

—The ion exchange process for the recovery of copper from mine waters high
in iron is technically perfectly sound.

—Given adequate equipment for pre-conditloning the feed water copper recoveries
of well over 90% can be maintained.

—Concentration ratio for copper {eluate to feed) gndér'our conditions was
38 to 1, while over 95% of the iron was rejected.

—The recovery of high grade metallic copper or copper sulphate from the eluate
presents no particular problem

~—1f good quality burnt lime is available reagent consumption is not unreason-
able.

~Resin life 1s distinctly limited. We would estimate 15% resin replacement"
per year. |

—Plant investment would be at least $400,000 per-daily ton—of'finébcopper
produced, starting with mine water containing 0.45 g/1 Cu. For more concent-
rated effluents the investment cost {per pound of copper) would. .not be much
lower.

— Net Qperating_costs, while not entirgly prohibitive, would be higher than
for a conventlonal scrap iron cementation plant.

—Capital charges make such a proposition unattractive under the particular

conditions studied.
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TABLE VI

~ ION EXCHANGE PILOT PLANT
~Summary of Operating Results

Single Column

" Two Columns

| | In Series
Overall testing period months “ N 7
Net operating time hours 6,363 3,492
Operating time percent of total 80. 3 89. 8
Total mine water treated gallons 3,099,100 1,819,200 )
Mine water fed per hour gallons 487 521 ;
Copper In raw mine water g/ 0. 277 0. 264
Copper in feed to l.E.columns g/ 0. 243 0. 220
Copper in discharge from l. E.columns g/1 | | 0. 006 0.012
“opper intake to plant | lbs . 7,163 4,013
Copper recovery (columns only) % | . 95,9 91
Copper recovery (whole plant) % 83.5 T3
Copper lost during conditioning % VAL 16, 7
Copper lost in column discharge % ‘ 2.0 b, 4
Copper lost In spent electrolyte % 2. 1 | k6
_________ 100.0 100, 0
Copper in eluate g/ 9 80 10. 49
Concentration ratio eluate : feed 38:1 36.8:1
Iron in raw mine water g/l 1438 5.12
Ilron in feed to l. E.columns g/1 3. 43 L, 27
Iron In eluate g/ 8. 62 14 37
Copper : Iron ratio in column feed 1elh | 1:19. 4
Copper : iron ratio in eluate" 1:0.88 - 1:1.37
Iron rejection | % 92. 4 95.3
Reagent Consumption per pound copper L ! ;
Limestone (74 5% CaC0,) 21,54 1bs 16 26 1bs -
Burnt lime (61.9% av.éaO) 10. 89 1bs 10. 70 1bs
Sulphuric acid (660B8) - : 11. 74 1bs : 7.45 1bs .
Resin 0.0010 cu. ft. 0. 002} cu. ft.
Power consumption DC - kwh per pound copper 3. 80 2. 79
Current efflciency | % - 332 50. 8



TABLE Vi1l

ION EXCHANGE PILOT PLANT

Resin Deterioration.

a) Single column downflow operation (Resin IRC-50)

b) Two columns in series upflow operation (Resin IRC-50)

After 2 months

% wt % cumul

63 63
27.8 341
56.3 90. &

9.6 100.0

series upflow operation

After 4 months

% wt % cumul

RN
260 30.7
53.6 843
15.7 100.0

(Resin H-70)

Mesh Size Orfglinal
% wte % cumul.
+ 28 47.8 47.8
+ 35 3.0 78.8
+ 48 169 95.7
- 48 4,3 100.0
Mesh Size Qriginal
% wte % cumul.
+ 28 10. 8 10. 8
+ 35 50.0 60.8
+ 48 30. 4 91. 2
- 48 8.8 100.0
¢) Two columns in
Mesh Size Original
% wte % cumul
+ 28 21,0 21.0
+ 35 560 77.0
4+ 48 20,2 97.2
- 48 2.8 100.0

After 2 months

% wt % cumul

20. 3 20. 3
L47.2 67.5
27. 4 94. 9

5.1 100. 0

After 4 months

% wt % cumul

10, 1 10. 1

b7 5638
35.8 92,6
7.4 100.0

After 6 months

% wte % cumul
22.0 22,0
29. 2 5.2
34.9 86.1
13. 9 100. 0

After 6 months

% wt % cumul

L. 6 L, 6
25.0 29. 5
35.1 64 6
35.4  100.0

After 6 months

% wt % cumul

7f 7 77 7
3.97 9 L7.6
45.0 92. 6
17,4 100.0

After 10 months
% wt % cumul
L, 7 4.7
29. 8 34,5
41.8 763
23. 7 100. 0

_62_
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— The process warrants renewed study If and when better, cheaper resins

appear on the market.

. As a point of general interest it should be added that during
thqiberlod Qf these investigations the Cerro mining department doubled the
production of cement copper by intensified irrigation and more effective
s£ripping. To what extent these fine efforts were catalysed by the

contemporary endeavours to establish a new process for feclaiming the

copper is purely a matter for conjecture

As regards solvent extraction, thls has certainly been advocated
for stripping copper from mine eff!uents (33), (34), but so far the method
has not found Industrial acceptance for this purpose. We ourselves have
done very little experimental work in this field, although we feel that,
due to its Inherent simplicity, llqu!d-liqutd exchange could well sufpass
the usefulness of solld resins for sequestefring copper from dilute
solutions. Obv!ousiy the economic considerations are very different from
those which apply to the extraction of uranium Cost and limited selectiv-_
ity of solvents’have had a discouraglng effect‘on development work so far,
but this may change with time. Naphthenlc acid has been‘recommended as an
Inexpensive solvent (35); unfortunately it will work for copper only at
pH 6 which seems to rule it out as far as acid mine waters with a high 1ron
content are concerned. On the crédit side it Is claimed that solvents
of the alkyl hydrogen phosphate typé~areyuseful for sequestering zinc as
well as coppefA(Bh), quite an important conslderation In the case of some
mine effluents. Also when handling clear effluents solvent losses would
be lim!téd to the true solubility of the organic phase In water, whereas In

pulp treatment losses by mechanical dragout preponderate.
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Similarly the Sebba process of lon flotation (36), (37), could
have distinct possibllities for mine water treatment if only it can be
made to pull the copper arid zinc preferentially while keeping the iron
depressed in solution. Certainly fn cases where mine waters and similar
effluents should happen to have a favourable copper to iron ratio, both‘
liquid-liquid extraction and fon flotation deserve very close scrutiny.

Idgally, the hydrometallurgist needs exchange media of
maxImum absorption capaclity and selgctlyjpy; In most cases he would wish
to operate under:sllightly acid conditlions, .Solld medla should be
féglstant to mechanical abrasion, while Iqu]d_solventslshogldAhave a
low viscosity, high specific gravity and next to no solubllity In water.
In addithn_the price must be right. Admittedly this Is asking for quite
a lot, but the groﬁth of fon extraction techniques for dilute process
streams will depend entirely upon the degree of success with which the

organic chemist can approach such ideal specifications.

RISK OF EVOLVING ARSINE GAS

When dealing with cementation: or cathodic reduction methods .
appllied to acld process streams carrying small amounts of dissolved copper,
one must always be conscious of a serious potential health hazard from
the evoldtlon of arsine gas.

In the Cerro de Pasco mine where the chief copper mineral is
enargite, arsenic is always detectable in the mine effluents. Arsenic
concentration normally ranges from 0,05 to 0.2 g/1 As but on occaslons we
have had samples running up to 1 g/1 As. By Introducing metalllc fron it
Is perfectly pqsslbletp”llberate arsine gas from this kind of water
according to the equation:

3 l-l.SO‘(a') * H'AsO + 3 Fe(s) —> AsH3(g) + 3 FeSOp(aq) + 3 Hio(l) F - 36, 7
2589 34503 (2q) 3 t 2 Kcal/Mol.
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The standard enéfgy of formation favours this reaction and
laboratory tests have givehﬁpbsltivé“fndiCa%ions of arsine éas evolution,
albelt in very low concentrations.

e

. Fo?tunafely we have never ekpé?ienéed'ahy troublé’in our under-
g¢QUnd'cementétioh”iauhders Wchhwhay be'aSCrfbéd to the fact that they
5ié usdaliy placéd alohg main drifts With adeqﬁaté ventilation. :Ah. |
industrial case of afsine p§Isdhihg fnvo]ving somewhat related conditions,
namely the contact of an a¢1d fiduor ¢6nt$§niﬁg arsenical compounds with

a cast iron filter press, has however been répoftéd (38).

Somé‘years ago We carried out some héap leaching tests dﬁring
which various céppéf;mfﬁeralé in contact with pyrite etc., were subjected
to lixiviation by mine waférs.undef é1osely controlled conditions.” From
a relatively higﬁ;grade éopperfore’cohtainfhg mainly pyrite and enargite,
copper énd‘éPSEhIEtwefe‘diSQOfved'iﬁ\the propoftjén of & 9:1 and from a
low-grade material in the prdbéftidh 18i1; The ideai'Wéight ratio of
copper to arsenic in enargite is 2.5:1. This is further evidence that
some arsenic can be dissolved from such ores by natural mine waters, although
with difficulty. |

| If spoﬁge i ron containing small amounts of arsenides is used for

cementation of copper, arsine gas may dso be generated by the following

mechanism:

3 stoh(aéy + FeAs,(s) + 2 Fe(s) —> 2 AsH3(g)‘* 3 FeS0y(aq) | F(estd) - 10
| | . T S Kcal/Mol.

The free energy of this reaction is probably small; in actual laboratory

tests we have not detected arsenic generated from sponge iron.
A_mqre.potent:hazard‘could‘arise In cases where aluminium cans

enter the cementation system with scrap iron. This of .course is a very:

- real possibility and aluminium wi{luliberate,the deadly gas with considerable

vigor:
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3 HoS0p(aq) - H3ASO3(aq) + 2 Al(s) -i-AsHj(g) * A12(504)3(aq) + 3 Ho0(1)

F - 207 -
Kca]/MO’o

The same problem'crops up in Intensified form during scavenging
operations on copper refinery effluents where arsenic Is always present

in significant concentrations.

PROCESS CONTROL

Reverting once again to economic,conslderatlohs, it is of utmost
importance that a copper. recovery plant treating dralnage waters and similar
effluents be designed to work year-in year-out, steadily and without inter~
ruptions. These waters will flow inexorably, regardless of plant breakdowns,
1abour disputes or slumps. Unless.the mine is abandoned and flooded, there
will always be drainage waters that cannot be stored or stockpiled for future
treatment. Whatever process is adopted for reclamation of copper, reliabil-
ity is the prime requirement for any plant design.

By the same token analytical control of tailings waters must be
given careful consideration, especlally in cases where there is no effluent
recirculation. This 1s an ideal case for automatic sampling and analysis’
coupled with recording of analytical results. We approached several ccmmerciai
firms specialising In this kind of equipment and we got relatively little.
help. So we decided to develop cur own prototype autcmatlc analyser for
copper effluents, more particularly for determinations in the range below
50 mg/1 Cu.

A polarographic technique wgs»flrst investigated but here we struck
a major difficulty due to the residuai:chrrent caused by the high iron content
of the tailings.waters.. It must be remembered that the iron:copper ratio in

these tailings waters may be as high as 500:1. We then decided to use a
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colorimetric technique, somewhat along the following lines the sample is
diluted and EDTA is added to complex the iron in the mine water a

characteristic copper colour is next developed by using diethyldiocarbamate

' IStabi]izedawith a colloid. These reagent additions are in the liquid form

and readily controlled by a small proportioning pump system Next the sample
is fed continuously through a colorimetric cell and the results are read
directly from a commercial colorimgtgr,_thehscale being.graduated in milli-
grams copper per liter. Actuaily our prbf;type set-up is not trulyAcontin—
uous, but gives a samplegreading-automatfcally‘every five minutes.

We estimate»thatva'robUSt‘pfoddcticn model suitable for permanent
installation at the mine head or tailings discharge point could be made up
from commercia]1y~availableftcmponents'at'a”totai'coét'of‘around’$10,000 to
$15,000. This would include the sémplingJSystem, reagent“dosihgg color-
imeter, automatic readout and cbart record of the results, coupled to an
alarm system which'comes into action if the copper content of the tailings
water rises above a pre-determined limit.” This of course is much cheaper
than the automatic x-ray“fluoresCence”analytTcal control for mill pumps,
and we are confident that such a simple system will be entirely adequate

to prevent valuable copper being lost, quite literally over the dam.

CONCLUS! ONS

~ While copper in dilute mine gffluents is not a major contributing
factor to world productionvof»the-metél, it can be“_kecYaimed at an attractive
cost; the gross return from such scavengjngwopera;ions to the mining
industry is.not“negligible; ‘Copper precipitation processes merit very close
mgtallurgica].conﬁrqlvand‘extraction'gffic?ency must take precedence over
other operating factors such as labour cost. Scrap iron is still universally

used for the purpose of stripping copper from such dilute process streams
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but one may predict a tendency'towards other precipitants, particularly
argentiferous or cupriferous sponge iron, it may well be that recently
developed techniques for sweetening sea water will find an application
in the treatment of hlne effluents. lon exchange or liquid-liquid
extraction will make little progress until such time as the:cost :of

reagents can be lowered or degradation in use be reduced.
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