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1.

SUMMARY

An other sample of Bidjovagge B-vest ore from the drill hole
N94G was submitted to Geoanalytical Laboratory for froth
flotation tests.

The average elemental assays of the sample were: Cu 0.54 %,
Au 9.5 g/t, 8 1.80 % and Te 0.055 %.

The elemental assays of the earlier sample from the drill
hole N98D were: Cu 0.31 %, Au 26.0 g/t, S 0.88 % and Te
0.062 %. The predominant gold bearing mineral was calaverite
AuTe2 and only about 15 % of the total gold occurs as native
gold’

Lime conditioning at pH 12.0 in Aerophine 3418A flotation

depressed tellurium minerals very selectively. In separation
flotation with two open cleanings the grade of copper con-
centrate was 25.0 % Cu and recovery 72.2 %. Tellurium assay
of the concentrate was 0.090 %. The combined cleaner
tailings of the separation flotation formed a gold-tellurium
concentrate. The grades of concentrate were 405.5 g/t Au
and 2.90 % Te and recoveries 63.6 % and 69.9 % respectively.

In the separation flotation test on the mixture of the ore
samples nearly similar results were obtained. 1In that case
the tellurium assay of copper concentrate was 0.208 %.

Based on the average grade of the ore (Cu 0.50 %, Au 8.0 g/t
and Te 0.060 %) the estimated grade of copper concentrate is
26.0 % Cu, 80 g/t Au and 0.15 % Te and that of gold concent-
rate 4.7 % Cu, ~340 g/t Au and 3.3 % Te. Total recovery for
copper is 92.0 % and for gold 81.0 %.

-
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INTRODUCTION

An other sample of Bidjovagge B-vest ore from the drill hole
N94G was received 27.10.1989 by Geoanalytical Laboratory of
Outokumpu Mining Services from Mr. Markus Ekberg, Bidjovagge
A/S for metalliurgical tests by froth flotation.

The aim of the testwork was to compare the flotation proper-
ties of the sample to those of the earlier sample of B-vest
ore from the drill hole N98D and to estimate concentrate
grade and recoveries for the mixture of these two samples.
Shaking table test was done for the rougher concentrate to
check the possibilities to use gravity separation for the
concentration of tellurium minerals. There was technical
problems with the laboratory shaking table and that is why
the results of the test are not reported here. Later, when
it was found that conditioning in high pH depressed tellurium
minerals very selectively in Aerophine 3418A flotation also
separation tests on the sample N94G and on the mixture were
performed.

PREPARATION AND ANALYSIS OF FEED SAMPLE

The drill core sample was crushed to -3 mm by jaw and roll

crusher, homogenised and divided by sample splitter to sub-
samples of 8 kg which were further devided to 1 kg flotation
test samples (flotation feed) by bottle divider and packed
to plastic bags. The test samples were stored in a freezer
to avoid oxidation. One 1000 g sample was prepared for
analysis. The elemental assays were as follows:

Cu Au S Te
(%) (g/t) (%) (%)
Bidjovagge
B-vest NO98D 0.31 26.0 0.88 0.062
B=-vest N94G 0.54 9.5 1.8 0.055

MINERALOGY

No additional mineralogical study was performed on the

sample N94G. Based on metallurgical test results it can

be assumed that both the samples are mineralogically quite

similar. Sulphide contents of the sample N94G is about 4

wt-%. The main sulphides are chalcopyrite (.1.5 %) and iron

sulphides (.2.5 %).

The report of earlier mineralogical study on the sample N98D
was as follows:

Sulphide contents of the mineralisation is about 2 wt-%. One

half consists of chalcopyrite and the other half of iron

sulphides mainly pyrite.
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Native gold was hard to find even in the samples richest in

gold. It occurs as fine grained (about 10-20 um) dissemi-
nation in silicates and tellurides. The predominant gold
mineral in the mineralisation is calaverite, AuTe Accord-

ing to microprobe investigation carried ocut on Ehe cleaner
concentrate (Cc2) about 77 % of geold is in calaverite, about
19 % as native gold, and the rest 4 % in a bismuth bearing
gold telluride (Table 1). The largest grain of gold mineral

observed was 20*35 um. About 78 % of gold is in mineral
grains smaller than 20 um and 22 % in grains smaller than 10
um.

Table 1 Distribution of gold in cleaner concentrate {CcCc2).

Size (um) 20-30 10-20 5-10 <5 Sum
Calaverite,AuTe2 22.2 33.8 19.0 2.2 77.2
Native gold - 18.5 - 0.5 19.1
AuBi-telluride - 3.7 - - 3.7
Total 22.2 56.0 19.0 2.7 100.0

The telluride content of the mineralisation 1s about 0.1
wt-%. Predominating tellurides are melonite, NiTe_,
tellurobismuthite, Bi,Te. and altaite, PbTe. The grain si%e
of the main tellurideg, especlally that of melonite is
relatively coarse, up to some hundred micrometers.

5. ANALYTICAL METHODS

The test products, and sieve fractions were analysed for
gold by agqua regia dissolution and organic extraction by
dibutylketone/dibutylsulfide. The determination was made by
flame AAS. Sample weight 5 g was used when possible.

XRF-analysis for 53 elements were made with Philips PW 1400
spectrometer and fundamental parameter correction calculation
(RRFPO) .

sieve analysis of the tailings were made by the sieves 37,
74, 105 um of Tyler sgerie. The fines were washed off
through 37 um sieve before dry sieving of the coarser
fractions.
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6. PROCEDURE OF FROTH FLOTATION TESTS

6.1. Grinding

The test samples were ground in laboratory ball mill (1kg
sample/500 ml water/6.8 kg iron balls). In two step grind-
ing the tailing of coarse flotatlon was settled. The pulp
density 1in regrinding was approximately similar to that in
first grinding stage (50 %).

. 6.2. Conditioning

One to three minute conditioning times were used for
frother. Rpms of the cell were the same as in flotation.

6.3. Flotation

Qutokumpu laboratory flotation machine was used both in
conditioning and flotation. The c¢ell conditions of 2.0
litre «c¢ell in rougher flotation were 1500 rpm and 1.5 l/min
air. In cleaner flotation cell of 1.6 1 volume was used.

Aerophine 3418 A was used as collector and Dowfroth 210 as
frother throughout the tests. Lime was used as pH regulator.

7. REGRINDING TESTS

In the regrinding test BV2l with grinding times of 20
minutes for both rougher and scavenger flotation very good
floatability was achieved. Total recovery for copper after
two open cleanings was 91.8 %, for gold 63.0 % and for

. tellurium 85.0 %, The concentrate assays were 17.6 % Cu,
178.9 g/t Au and 1.248 % Te. Addition of collector dosage
and grinding time of scavenger flotation in the test BV22
didn't improve flotation results.

. 8. COARSE ROUGHER FLOTATION TESTS

In the coarse flotation tests BvV23 and Bv24 the goal was to
float copper minerals before the liberation of tellurium
minerals. The tests were only partly successful. Recovery
of tellurium was c¢learly lower than that of copper but in
every case the assay of tellurium was about 1.0 % in the
second cleaner concentrate {(CC2).

9, FLOTATION IN ELEVATED pH
In the tests BV25, BVZ26 and BV28 the flotation pH was

elevated by lime. The lime was added to 10 min conditioning
before collector addition. The flotation rate of tellurium
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minerals and alsoc gold were clearly lower in the higher pH.
The effect was clearest in the test BvV28 at pH 12.0. The
grade of second cleaner concentrate (CC2) was 25.8 % Cu,
66.7 g/t Au and 0.112 Te %. Recoveries were 65.7 % for
copper, 9.9 % for gold and 3.0 % for tellurium.

In the earlier tests on the sample N98D when Sodium Amyl-

xanthate was used as collector elevation of pH to 11.5 didn't
have any effect on the flotation of tellurium minerals.

Possibly the depressive effect in xanthate flotation can be

found at still higher pH levels and with bigger lime dosages.
One reason can also be the addition of xanthate to grinding

before pH regulation in the conditioning stage.

SEPARATION FLOTATION AT pH 12.0

Separation flotation tests were performed both on the sample
N94G and on the mixture of samples (N98D/N94G 1:1). Rougher
and scavenger concentrates were brought together, cleaned
twice 1in open circuit and subjected to separation flotation
after 15 min conditioning in pH 12.0. In the test BV29 on
the sample N94G the grade of cleaner concentrate (CC4) was
25.0 % Cu, 97.6 g/t Au and 0.090 % Te. The recoveries were
72.2 %, 14.2 % and 2.0 % respectively {Appendix 3/2 and
Appendix 4).

The separation flotation of the test BV30 on the sample
mixture gave the results as follows:

Cu Au Te
% R-% g/t R-% % R-%
cca (Cu-conc.}|27.1 81.0 164 24.1 0.208 4.3

CT3+4CT4{Au-conc.)| 5.06| 19.0 413 75.9 3.67 95.7

Total(Bulk conc.)|14.8 [100.0 303 |100.0 2.14 [100.0

Copper concentrate (CC4) is a rather clean chalcopyrite
fraction (fig 1, appendix 5/2). The mineral contents of the
product is chalcopyrite 78 %, silicates 14 %, pyrite 7 % and
tellurides 1less than 1 %. The carrier of gold in copper
concentrate is calaverite, which occurs as composite
particles with chalcopyrite.

pyrite and silicates are predominating minerals in gold
concentrate (fig. 2, appendix 5/2). Calculated mineral
contents of the concentrate (CT3+CT4) 1is pyrite 42 %,
silicates 38 %, chalcopyrite 15 %, melonite 5 % and other
tellurides 1less than 1 %. Liberated calaverite and native
gold are the main gold carriers in this product.
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ESTIMATED PRODUCTS AND RECOVERIES

Based on the average grade of the ore (Cu 0.50 %, Au 8.0 g/t
and Te 0.060 %) and on the test results of the tests BV29
and BV30 the estimated grades and recoveries of copper and
gold-~tellurium products has been calculated (Appendix 6).
The grade of copper concentrate is 26.0 % Cu, 80 g/t Au and
0.15 % Te and that of gold concentrate 4.7 % Cu, ~.340 g/t Au
and 3.3 % Te. Total recovery of copper is 92.0 % and that
of gold 81.0 %.

. 12. PROPOSAL FOR PROCESS DEVELOPMENT

The separation flotation of tellurium minerals has been very
selective and the further development of the process is best
to do on the concentrate samples from full scale test runs
at the Bidjovagge concentrator. The pH sensitivity of the
process, conditioning and need of regrinding are worth to
check as well as the determination of mineralogical compo-
sition of the products.
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GRADE-ROCOVERY GRAPH, test BV29/Separation flotaticn

Cu Regovary (X)

Au Racovary (%)
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SEPARATION FLOTATION Test B0

1 — - '_

i | WEIGHT | GRADES AND KECOVERIES

| | |

| | ! | ] ] I | | | | I

| PRO-! | Cu | Au | 5 | Te | sb | S | Bi | As | cd | g
i puoT| | | | | | | § [ | |

| [ x| | f | | | | | | |

; | | | | | [ | : { | [ [

| | | ¥. T R=% | g/t @ R-% | * : R=% | % n-% | % R=% | %1 R=% | % o+ R-% | % : R=% | % r-% | g/
f [ [ : | | : | | | : ! [ ; | |

t | : I : | : I : I : I | | I : | |
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Arasciorx T/

100 Hm
i

Fig. 1. BV30/CC4 160 x
High—grade chalcopyrite (cp) concentrate with minar pyrite

(py) impurities.



100 Hm

A
BV30/CT3 160x%
Pyrite (py), silicates (sil) and melonite (mel) are
predaminating minerals in Au concentrate. Some chalco-
pyrite (cgp) is also met with. Note also liberated

gold (Au) grains.
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BIDJOVAGGE B-VEST ORE/ESTIMATED PRODUCTS
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LKA

o
H

Nd (
Lantanoids (Sm...
Yb (%)
Lu (%)
HEf (%)

Naz20 (%)
K20 (%)
Zroz (%)
P205 (%)

Distr.:

OK Mining/Heikki Nopanen
Bidjovagge/Heino Alaniska

Feed Bulk conc.
100.0 3.0 1.45

0.50 15.0 26.0
100.0 92.0 75.4

8.0 216 80
100.0 81.0 14.5

0.060 1.80 0.15
100.0 90.0 3.6

<10
31.0
0.12
0.015
0.01
0,0002
<1
0.0004
<0.0001
0.018
0.002
<0.001
0.006
<0.0001
0.003
0.007
0,002
0.002
0.005
<(.001
0.01
™) (%) <0.01
.01
<0.01
<0.001
0.001
10.0
0.13
2.3
0.01
0.010
0.024
0.16
1.6
0.003
0.0001
0.01
0.56
0.016
0.005
0.005

Ao 00X b

Cu concentr. Au concentr.

1.55

4.7
16.6

343
66.5

3.3
86.4

23.0
1.02
0.17
0.010
0.14
<10
26.5
0.016
0.010¢
0.23
0.0001
<1l
0.0004
<0.0001
0.046
0.006
0.001
06.008
0.0008
0.010
0.051
<0.001
0.001
0.031
<0.001
0.01
<0.01
<0.01
<0.01
<0.001
0.001
24.5
0.24
5.7
0.02
0.021
0.060
0.28
5.9
0.004
0.002
0.01
3.45
0.026
0.008
0.052
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