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To - Date
i J. Levanaho ™ July 10, 1983

From = R, Murarka

subject Cu/Au/Ag metallurgical response of Anvil ore: a review of
best results.

This review includes work done on Anvil ore for récovering Cu.

The period covered is 1972 to 1979. Very little work has been

done on Au, Ag recoveries. The work done recently in the CAMC

lab is not included here because the metallurgy obtained so far
has not been as good as past work.

I. April 1972, CAMC Lab. Table I shows the technical details
of the test. This was truly a Cu pre-float test. The
flotation feed grind was 57% - 74 um. Flotation feed
density was 28% solids by weight. : -

Table II shows the metallurgical balance of the whole
circuilt.

The main conclusion drawn by this study was that by using
stronger collectors eg. Z-200 ~

(a) Pb recoveries can be improved

(b) a Cu conc. can be produced

II. August 1977, CAMC Lab. Table III shows technical details
of this test. Table IV is the cumulative metallurgical
balance of Pb and Cu in the Pb circuit only. Pb Rl and R2
represent Cu pre-flotation while Pb Sl’SZ and S3 represent
Pb flotation.

The head Cu grade in this work was very high (0.38% Cu).
In spite of this, the metallurgy was poorer than the work
I™n 1972. Ag recoveries were also determined in-this work
but were less than 50% in the overall Pb circuit.

ITI. February 1979, Lakefield Lab. These are the best results to
date. Table V gives the technical details. Table VI lists
the metallurgy. Although Cu metallurgy was good, only 59.4%
of Zn left- the circuit which means contamination of Cu and
Pb with Zn. The principal conclusions drawn were: (a) Cu
pre~flotation causes the Pb grade in the Pb conc. to drop and
() 1t causes the recoveries of Pb and Zn in their re-
spective concentrates to drop. '

R. Murarka
‘Metallurgist




__TABLE -1

Grind Na2Co03 - 2.584n
’ Na2503 2.5#/{:01'1
- 2-200 0.10%#/5,,
Cu.R.C. |
Cu.Sc.C.
z-11 0.025%/ on
Pb.Sc.C.
Zn. Cond. Ca0 1.25%/0n
Cuso04 0.75%/4pn
'2-11 0.075#/0n
Zn.R.C. Df1012
Z2-11 0.025%4pn
Zn.Sc.C. Df1012
TARLE--II
ASSAY %
Product %Wt. Pb Zn Cu Pb
| Cu.R.C. 0.4 8.4 10.2 16.5 0.6
, Cu.Sc.C. 0.9 12.8 13.2 2.2 2.6
Pb.RoC. 7.9 48.3 i 8.0 0.08 81.1
Pb.sc.C. 3.8 6.7 10.9 O.ll 5.6 ’
~Zn.R.C. 10.6 1.0 47.7 0.20 2.4
Zn.Sc.C. 2.5 2.2 15.2 0.17 1.3
Zn.SC.T.’ 73.9 0.4 0.6 0.05 6.4
Heads 4.7 0.16
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TAPLL - L1l4i—— -~

Reagents Addition
1b/ton . __Point

NaCN - 0.06 Grind

Na,S0;z 2.0

Z-1 0.07 Grind

2 min.

H - 10.1

P Pb RI

NaCN

Z:11 ) Pb R2

NaCN 0.04 .

Z-1 - 0.02* Pb S1

1 . PbS2

Z-1 0.02 Pb S3

* Reagents added and conditioned for three minutes.

=

TABLE IV— — — -
: _ Grade Recovery
. ~ Pb_ _Cu Pb_ Cu
PbR1 ©  21.0° 10.5.  21.0 63.6 -
RZ : 21.9 8.2 32.3 72.7
Pb S1 31.0 5.5 70.8 75.8
52 31.7 5.1 72.3 75.8

s3 ©  38.3 4.1 87.7 75.8



Purpose:

TABLE V

A prellmlnary test to investigate the flotation of copper and lead

but use a 1:1 mixture of Z-6 and 3501 in
the copper rougher and add ZnSO, to the copper regrlnd.

Procedure: Grind and float a copper concentfafe eand a lead concentrate. Regrind
the copper concentrate and clean three times.
Feed: 2000 grams minus 10 mesh Mill Feed Sample
Grind: 20 minutes at 65 percent solids in the laboratory ball mill.
Conditions: »
Reagents Added, grams per tonne Time, minutes
StEge NaoCOa |Na2S0s|2-6/ | MIBC|NaCN |R-2L42|znSO4 | Grind [Cond. |Froth pH
3501 : S
Grind 2000 | 1000 |15 - | = - = 20 - - -
Cu Rougher - - 10 " | 20 - - - - 2 3 9.¢
- - 10 5 - - - - 1 2 -
= = > 5 - - e == 1 2 -
Condition - - - - 150 - 500. - 2 - 9.(
Pb Rougher - - 5 - - 15 - = 1 3 -
i - 5 - - 5 . - - 1 3 -
- = = - - 5 - = 1 3 -
R x% ]
131 |2200 a.c. |sos ACTIVATED CARBON
Cu Conc. Regr. - - - - - - 300 20’ - - -
Condition 100 125 | - - Lo - - - 5 - 9.1
- = - = = 250 - - p - 5.
Cu 1st C1. - - 20 - - - - - 5 2 6.
' - - 5 - - 20 - - 1 2 -
Cu 2nd Cl. - 50 | - 2.5 | - 15 - - 2 1 5.
- - 5 - - - - - 1 2 -
Cu 3rd Cl. - 25 | - 2.5 | - 10 - - 2 1 5.
- - 2.5 - - - - - 1 1 -
" ROUGHER " " 1st. Cu. Cl. 2nd § 3rd
-machine D -1 D -1 D -1
rpm. 1900 1300 -1000
% solids 33 - -
* Cu regrind mill - pebble mill



TABLE VI

Weight Assays, % .% Distribution
Product

; y Cu Pb Zn Cu Pb Zn
1. Cu Cleaner Conc. 0.52 ©0.5 5.98 53.8 )| o.5 0.!
2. Cu 3rd Cleaner Tail. 0.27 4. 96 21.3 21.9 6.8 1.0 0.i
3. Cu 2nd Cleaner Tail. 0.82 1.43 31.3 19.5 5.9 .4 2.1
‘4. Cu 1st Cleaner Tail. 9.16 0.17 38.8 13.4 7.9 60.4 15.(
5. Pb Rougher Conec. 14.99 0.091 | 11.5 11.2 6.9 29.3 21.:
6. Pb Rougher Tail. T4.24 0.050 | 0.35 | 6.29 | 18.7 .k} 59.1
Head (Calculated) 100.00 0.20 5.88 7.87 |100.0 [100.0 [100.¢
Calculated Grades and Recoveries
Produects 1 and 2 . 0.79 15.2 11.2 16.7 60.6" 1.5 1.7
Products 1 to 3 1.61 8.18 21.h 18.1 66.5 5.9 3.7
Products 1 to 4 10.77 1.37 36.2 | 1k.1 Th.b 66.3 | 19.3
Products 5 and 6 89.23 0.057 2.22 T7.11 25.6 33.7 80.7
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Cyprus Anvil Mining Corporation ' Interoffice Correspondence

To T Levanaho ' Date
~J. Levanaho . July 11, 1983

From R. Murarka cc: M. Nicholson

Subject Copper test work: an up-date

" SUMMARY:

Test work was carried out using three different approaches:
Cu seperation from' a Pb 3rd Cleaner conc., Cu pre-flotation and
Cu/Pb bulk flotation-separation. It appears that the best route to
follow is the last one. With ores similar to ours, this route is
most common in the industry. The success in producing a Cu con-
centrate so far has been limited but further test work with a
different set of Pb depressants used in the industry may prove
beneficial.

‘INTRODUCTION:

Cu test work was conducted mainly on 2BCD ore (head Cu assay
varying from 0.18 to 0.30%). Minor work was done'on 2EF ore be-
cause of its lower head grade (0.15% Cu) but more work can be planned
depending on the success with 2BCD ore. The success with these ore
types will determine the feasibility of Cu concentrate production.
Other ore-types occur in minor proportions in the Faro ore body.

" 2EF ORE:

Only 2 tests were carried out trying to pre-float the Cu. Very
little NaCN and Z-11 were used. It was hoped that the amount of
NaCN would be just sufficient to depress the iron in the ore but not
Cu. Small amount of Z-11 was added in order to float Cu only. In
the second test Na2803 was also added to further retard flotation of

Pb.

The results are presented in Table 1. It can be seen that
Cu/Pb separation is very poor.-

" "2BCD ORE:

LA 23

(Ca) Cu/Pb separation from Pb final concentrate: It was noticed
in earlier work with. 2BCD ore that much Cu was found in the
final Bb concentrate. Thus the obvious route to go was to
produce a large scale final Pb concentrate and extract the
Cu from it.

In the first three tests (table 11), no collector was added.




TABLE 1

ORE TYPE § TEST , ASSAYS : DISTRIBUTION
DESCRIPTION SAMPLE WTS .. Pb Zn Fe Cu Ag Pb Zn Fe Cu Ag
|2 EF-no NaZSO
' -10g/t NaCN Cu/Pb conc. 87.4 28.7 15.97 |[22. .66 8.83 74.6 12.5 5.8 57.5| 47.5
-30g/t Z-11 |Cu/Pb Tls. 916.5 .9314.00 |35 .10 .93 25.4 87.5 94.2 42.5( 52.5
to grind _ - R ’ . . 4
-50g/t Z-11 | Heads 1003.9 3.3514.17 |34. .15 1.62 |[100.0 [100.0 | 100.0 100.0]100.0
to flot. ‘ : ’
|2 EF-with NaZSO3 '
~-10g/t N4CN”| Cu/Pb conc 56.1 9.31] 7.55 | 29. .99 3.12 |.15.4 9.4 4.8 37.1 12.2
-30g/t Z=I1 | Cu/Pb tls.| 942.0 3.06f 4.33 | 34. .10 1.34 84.6 90.6 95.2 62.9 87.8
to .grind 4 :
-30g/t Z-11 | Heads 998.1 3.41) 4.51} 33 .15 1.44 100.0 J100.0 {100.0 100.0{ 100.0
to flot. ' ; :
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_ond TEST DEXCRPTION | SAmPAE | WIS, |Ph 70 (Te (GalBa! [Polin|Fel Gl Ao
2BCD - ﬂwmﬂw | | S : ~
CPoCC3) Poclzs | — |59%|4m|t3 |2si|2om] | — |— |— | — | ~
: PoCTs | — | 325| qyn |\ | 4| 2% R I R I R
284D = 12009/ KoCr, 07 A | * -

| -no2-\) Calone | oot | 4uto| 491| S5 [ 534 1749 |32 |2 5 |21 [L3.4 |33
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L |

2{28p -\8005/r K,_Cr,,o., CulConc | 4.5 | 500|349 %) |Lol [1¥6A]| |14 [ 120 [\ 285 [ 154
-no 2-li LTl | 456 | 572|556 | 214 | Lo | 1400| |8Se | 890 326 |[LILS |FHe

i “no MIB‘C._"\ Heads 9.1 | 9,.0| 5.30| 1.5 |2.S1 | 19.45 loo.o |[90.0 {ic0: [(0.0 [i00.0

. - Z .
228D = Rowgher- 15008/ |Rousburtone] 135 1665 447 |70 |41 |14se] |201 1144|214 1390 215
3 K1l HWN“T Culone | 38 |4ur| 414 | 90 |73 | 1703] (46 |4€ |72 ||0.7 | S0

~Clewrer - Svoy/r CulotTls | 9% |[o¥S| 458 | b4 {308 {2004 [leS {147 147 [223 |le.S

o Cri0q eldeMi] CuROTlS | 4z | 8% | s21 ) 24 | 208 [19.91| [184 (80.5 (184 | bl.o PNB.S

: Hends (0.5 | X751 5051 T3 {26]71]904] lipe-s |I®-0 loo.0 | [00.0 |100.0]



(2)

2BCD ORE cont"d:

K.C%ZO was used for depressing the Pb but it can be seen that
increasing quantities of K,Cr,0_, depress more Cu along with Pb.
Increasing the amount of frother floats more Pb and Cu.

In tests 4 to 8, (table 111) effect of varying Z-11, MI1BC
(frother) and K,Ci,0_ was studied. It can be concluded here

that adding more 2311 enhances flotation of both Pb and Cu.

So far, in all but one tests,no cleaning of the "Cu conc" was
attempted. At this point it was decided to clean this '"Cu
conc". Variation in the amounts of XK,Cr_ 0., and MIBC was again
tried and three tests were conducted %ta%lg 1V, tests 9 to 11).
Although a "Cu conc" grading 147 Cu was produced, the overall
Cu recovery was very poor and the Pb grade of this "Cu conc"
was too high.

(b). 'Cu Pre-flotation:

Similar strategy was used here as for 2EF ore. Since NaCN
depressed some Cu (test 1, table V), no NaCN was used in tests
2 and 3. As can be seen, no improvement in Cu recovery re-
sulted. In test 3, depression of Pb that accompanied Cu in
preflotation was attempted. This resulted in a concentrate
grading 67 Cu with 557 recovery.

(c) Cu/Pb hulk flotation-separation - I :-

Although pre-flotation of Cu was the objective, the result in
tests 4 to 8 turmed out to be Cu/Pb bulk flotatiom (table VI).
No NaCN and 1 kg/t of Na,SO, was used in order to encourage Cu

flotation and discourage Pb flotation. The bulk conc. was
subsequently treated with K2Cr207 to depress the Pb.

The first cleaner grade/recovery of Cu were the best so far in
this series of tests. However, it -was thought that K,Cr,0

usage to depress Pb may have an adverse effect in the Pb circuit.
As a result another test was carried out without K,Cr,0_,. Also

very little Z-11 was added to discourage Pb flotatiomn. Strickly
speaking this was an attempt to pre-float the Cu (table V11,

test 9). The first cleaner conc. had grade/recovery of 9.5%
Cu/417% recovery but contamination with Pb, Zn, Fe was high. Pb

and Ag recoveries to the rougher conc. are very poor in comparison
with Cu. This strengthens the belief that Ag is not associated

with Cu.

Another test was carried out to discourage Pb flotatiomn by
adding twice as much Na,SO, as in previous tests. Results are
shown in table V11, tesft 10. Clearly the extra Na,SO_, was

o 2773
not helpful.



Cu._./?b Sepovakic~  TARBLE T
from Poleq

ORETYPG | PSRN S (9.,) DASTRIBUTION (75)
_o.nd Teot Dewiripiin!_SAMPLE Po | 2 [Fe | G | Bo Pb 12n |Te |G| Bg
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Cu PRE-FLOAT TESTS Table V
ASSAYS / DISTRIBUTION
ORE - TYPE &
TEST DESCRIPTION SAMPLE | TS Ph Zp. _ Fe Cu Ag : 1=k 2 Lo Coim Ag
5
1. 2BCD-with Na,s0, y
-10g/t NaCN Cu/Pb.conlc. 134. 19.4/ 9.03 11. 1.04 7.054 83.3/18.4 12.5| 61.4 63.0
-30g/t Z-11 to /
grind Cu/Pb Tls|. 854. .61 6.300 13. .14 .6501 16.7] 81.6] 87.5| 38.4 37.0
-30g/t Z-11 to 1
flot~ Heads 988. 3.16 6.67 12. .23 1.52[hoo. ﬁoo.o 100.0 | 100.d 100.0
' ’
’ ,
2. 2BCD-with Na,SO T
-no NaCN Cu/Pb conlc. 129.0/ 17.0] 8.93 12. 1.07 6.374 72.1]18.8 12.8| 62.9 56.8
-30g/t Z-11 to A
grind-’ Cu/Pb Tlsl. 868. .98 6.1¢ 12. .0¢ 72} 27.9) 81.2) 82.2| 37.1 43.2
-30g/t z-11 to R
float Heads 997. 3.0p 6.594 12. .24 1.45§100.0[100.0f 100.0| 100.q 100.0
/
3. 2BCD-with NaZSQS’Rdugher 87.9] 12.6/10.19 11. 1.6] 5.02[35.7/13.5| 7.8} 61.9 29.8
-no NaCN Cu conc. 21. 12.8] 13.4(0 14. 6.0 6.60}} 8. 4.3 2.3 55.3 9.4
. ’ "
~=-30g/t Z-11 to ’
grind Cu Tls. 66. 12.5/ 9.14 10. 21 4.534 27. 9.3 5.5 6.1 20.5
/
-30g/t Z-11 to ; )
flot. CuRO Tls. 912. 2.19 6.24 13, .14 1.14f} 64.3} 86.4 92.21 38.4 70.1
A
A
CLnr.-1000g/t )
K,Cr,0, Heads 1000. 3.1p 6.54 12. .2] 1.48}100.0L00.0f 100.0}| 100.¢ 100.0
-20 g/t Z-11 /
A
"
b
4]
/
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Table T

- ORETYPE RSHANS DISTRIBUTION -

o0l Tk Denripiin] SAmpLE (W I P | 20 1 Fe | Qa1 Bo | | Pb 120 [ Te | G
1BCD Ly 122|110 | 125¥| 150 (449 10| [ Ay [ 207 145 | Hoes] |22
! WTable v1) el | 2ol | | Guet | 10| Mo | 340"l | 440 | 507 |30l | 5,9 364
| batr no ko CuReton] w1y [ 103 16 (270 [ 40k | 1G] 19 i Be.bl (45
“low2-llused | CouRoTlo 14h3| A¢] béoliag | bl 1-SO| | 551|921 9554 539 9509
(10 577 'Z.‘,‘-‘i‘%" Heeds |94 305 (207 (1294 | -28||.L3 1500 {p.0p| JoP.00 | JuD.00 | JoDD

—

239\3 CueCly | 12:5 | 90| 48[ 152 | 201 | (e 90 12:%9 | 217 | 40.9417.32
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Table V111 lists the results of additional tests some of which
are Cu-pre float tests but are presented in this section for
chronological continuity. Test 11 was identical to test 7,
(table V1) except that the primary grind was longer. 2BCD ore
is harder than 2EF or 2H ore types-and needs to be ground longer
to attain similar fineness. The metallurgy was not better than

test 7. :

Test 12 was also same as test 7, (table V1) except for higher
Z-11 usage- The results are similar to test 7. Test 13 uses
conditions which are a combination of conditions used in tests
9 and 10, (table V11). There is no improvement in results.

In test 14 an attempt was made to pre—-float Cu using an acid pH
(£7) and very low Z-11. The results were satisfactory as
compared to many previous tests. However, slightly higher Z-11
may Improve Cu rougher recovery.

Another test that should be carried out involves K,Cr, 0_addition
to primary grind without Z-11. This may help in achieving a
better separation of Pb in the rougher stage.

Cu/Pb bulk flotation - separation -II:-

The accidental finding of Cu/Pb bulk flotation while attempting
Cu pre—flotation in tests 4 to 8 (table V1), led to the use of
test 7 as standard procedure for producing a Cu/Pb bulk rougher
conc. Table 1X shows the metallurgy obtained when a Cu/Pb

Bulk conc. was produced on a large scale using a large grinding
mill and flotation cell. Obviously the metallurgy differs from
test 7 (table V1) very drastically. Many changes in procedure’
may -be necessary in order to obtain comparable metallurgy in a
large scale test.

The Cu/Pb rougher conc. produced as above was used for Pb/Cu
separation tests. Table X lists results of six such tests.
In test 1 to 5 an attempt was made to depress Cu using NaCN
in the regrind mill. As the amount of NaCN increases so does
Cu in the Pb first cleaner tails. Unfortunately much of the
Ph is also depressed making Cu/Pb separation using this tech-
nique impractical.

Another cleaner test was carried out using a Finnish flow
scheme called Vihanti process (test 6). The results are very

poor.

Table X1 lists results.of a test which was a repetition of test

- 4 (table X) except that the bulk rougher conc. was prepared

Witﬁout any Na,S50., in the primary grind. This was done based
on the Hypothesis that Na,S50, renders galena insensitive to
flotation in presence of NaCN as found in tests 1 to 5 (table X).
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The results of this test show that Cu/Pb separation in the
first Pb cleaning stage has improved but grade/recovery of Cu
in Pb first cleaner tails is hopelessly low.

CONCLUSIONS: :

So far we have had only a liﬁited success with Cu separation.
It has been discovered that the main problem is Cu/Pb separation.

A look at the flow sheet of other mines presently producing a
Cu conc. from Cu/Pb bulk conc. suggests that the best route to go may
be to depress Pb instead of Cu. Since the volume of Cu mineral is
much smaller that that of Pb mineral, it is logical to try to float
Cu from the bulk conc. The use of K,Cr,0_ to depress Pb is quite rare
. . . . 2. a 7 .
in the industry. Since we have carried Out many tests with chrZO7 so
far, further tests should be suspended.

Another depressant for Pb used extensively in the industry
is SO, in the presence of starch. In test 14 (table V111) an acid
pH G(g) was tried and the results were better than many other pre-
‘float tests. More tests at lower pH with SOz/starch may significantly

Improve Cu metallurgy.

" RECOMMENDATTONS :

(a) Carry out a series of tests using the SO,/starch reagent scheme
similar to the one used at Magmont Concentrator, Missouri.

(ﬁi Try to duplicate the results of test 7 (table V1) on a

large scale.

R. Murarka
Metallurgist
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Subject: ¢y Flotation up-date

- SRy

With 2BCD ore, production of a Cu-Pb bulk rougher conc. and a
subsequent separation seems to be more promising. For 2EF and

2H ore types, Cu pre-flotation has been found to be more successful.
However, more bulk flotation tests should be performed before drawing
final conclusions.

- -2BCD ORE:

A Cu pre-flotation cleaner test using very low collector addition
(70g/t) gave Cu grade/recovery of 9.5/40.7. A locked cycle test
using this scheme gave grade/recovery of 10.6/40.3.

When both Pb and Cu are floated in a bulk rougher conc., high Pb,
Cu and Ag recoveries are obtained (table 1). This suggests that
the best route to go is Cu-Pb bulk flotation and a subsequent
separation. Although Cu-Pb separation has not been successful yet,
cleaner tests using Sozﬂkstarch should be tried.

Some more work with K-amyl Xanthate should be carried out since it
was found to be very selective towards Pb and Cu (ie. separation

of Fe and Zn was better). However, Ag recovery was found to be 70%
maximum. This must be confirmed.

- 2EF ORE:

Most work was done on the lines of 2BCD tests. The best test
turned out to be the one similar to the pre-flotation cleaner
test with very low collector addition mentioned above. The met-
allurgy 1is listed in table 11.

A locked cycle test was carried out using the above-mentioned

scheme but results were much poorer that the cleaner test! The
reasons for this abnormality are not clear at the present time.

*2H ORE:

Similar testwork was conducted for 2H ore. The best test was

Arctic Star Printing Inc. maus
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2H ORE cont'd:

similar to the best cleaner test for Z2EF ore except that more
collector was required (120g/t) probably because of higher Cu
content of the ore. The metallurgy is shown in table 111.

- RECOMMENDATTONS :

(1) Try to produce salable grade Cu conc. from Z2EF and 2H ores
by fine tuning the best test.

(2] Try Cu/Pb separation of bulk rougher conc. produced from
2BCD ore using S0,-starch technique. If not successful,
pre-flotation has“to be used as for 2EF and 2H ores. Even
then, the overall metallurgy of blends with 2EF as the major
constituent may be acceptable.

(3) An inquiry is being conducted among the reagent . suppliers as
- to which reagents are selective towards Cu. As samples of
these reagents become available, more tests should be carried
out.

S

G R. Turarka
Metallurgist
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