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1. SUMMARY

Two samples of Bidjovagge C3 ore was submitted to Gecana-
lytical laboratory for analysis and froth flotation tests.
The elemental assays of the samples were:

C3 (S144G) Cu 2.22
C3 (S146A) Cu 4.55

o o

; .5 %, Au 1.9 g/t, Te 0.0083 %
; .17%, Au 1.9 g/t, Te 0.0090

S 9 %
S 9.17% %,

The combined flotation feed contains roughly 9.8 wt-%
chalcopyrite and 11.5 wt-% iron sulphides. Pyrite/pyvrrho-
tite ratic is approximately 3/1. Chalcopyrite occcurs
casually as fracture fillings in pyrite, magnetite or gangue
minerals. A single grain of native gold was observed. The

grain measures 130%50 um in diameter.

The grinding tests indicate easy grindability of the ore.
Main problem of processing is the formation of fine grained
chalcopyrite which is lost to the fines of rougher tailing.
The lowest copper assay achieved in the fraction - 37 um was
0.45 % Cu.

The main loss of gold is into the coarse fraction of
scavenger tailing where the gold may be as high as 12 g/t
and clearly indicates the occurrence of coarse gold
particles.

optimum grinding fineness in rougher flotation for copper 1is

about 25 % - 37 um which means roughly 55 % - 74 um.

In the flotation tests with regrinding of the rougher
tailing total recovery of copper was about 95 % and
concentrate grade 12 % Cu. In three stage open cleaning of
+he combination of rougher and scavenger cocncentrates Cu

O

grade 17.9 % was achieved on the recovery 86.8 %,

The estimated total recovery of copper in closed circuit is
92 2 at the concentrate grade 18 %. On the same estimation

o

gold recovery will be about &8 2 and concentrate grade
11 g/t.

Flotation results for copper with xanthate were nearly the
same as with Aerophine 3418A. The impurities of the
concentrate in xanthate flotation are iron sulphides and in
the case of Aerophine flotation mainly gangue minerals.
Flotation results for gold are generally better with
Aerophine as collector than with Amylxanthate at all the
tested pH levels (10.0-11.0).

The tellurium assay of the flotation concentrate is ¢.014 %
and As, Sbh, Bi assays are below the detection limit of AAS

flame analysis.

The clear indication of oc¢currence aof coarse geold particles
supports the adoption of gravity separation methods.



CUTOKUMFU 075/Bidjovagge,C3,Cu,Au/VIiP/1590
Geoanalytical Laboratory V. Palosaari 21.92.185%0 3

2. INTRODUCTION

Two samples of Bidjovagge C3 ore from the drill holes S5144¢G
and S146A was received 10.8.199%0 by Geoanalytical Laboratory
of Ooutokumpu Mining Services from Mr. Markus Ekberg,
Bidjovagge A/S for analysis and metallurgical tests by froth
flotation.

The aim of the testwork was to measure the degree of
grinding fineness necessary for gold/copper flotation and
to estimate concentrate grade and recoveries.

3. PREPARATION AND ANALYSIS OF FEED SAMPLE

The drill core samples were crushed separately to -3 mm by
jaw and rell crushers, homogenised and divided by sample
splitter to subsamples of 4 kg which were further divided
to 500 g test samples by bottle divider and packed to
plastic bags. The test samples were stored in freezer to
avoid oxidation. oOne 500 g sample of both the samples was
prepared for analysis. The elemental assays were as

follows:
C3 S144G C3 S146A Fleoctation feed
(average of the
/bﬁ calculated feed)
9Y4
cu (%) 2.22 4.4 4.55 2.0t 3.38
Au {g/t) 1.9 (4 1.9 e 2.5
Fe (%) 11.7 12.8 11.7
5 (%) 9.50 9.17 9.11
C total (%) 3.30 4,85 3.96
Te (g/t) 83 S0
Bi {g/t) <0.1 <0.1

The feed samples for flotation tests were formed by
combining one 500 g test sample from both the drill heles to
form a 1000 g fliotation test sample.

4. MICROSCCPICAL OBSERVATIONS ON THE FEED

Cne polished section from the crushed ore (feed for the
flotation tests) was prepared and studied microscopically.
Chalcopyrite, pyrite and pyrrhotite occur as main sulphides.
Galena and gold were encountered as rare constituents.
Magnetite is a common oxide mineral and some ilmenite grains
were also observed.

Based on the chemical analyvsis the feed contains roughly
about 9.8 wt-% chalcopyrite and 11.5 wt-% iron sulphides.
According to the microscopical estimation the pyrite/
pyrrhotite ratio is approximately 3/1.
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Chalcopyrite occurs generally as coarse-grained particles,
but casually also as fracture fillings in pyrite, magnetite
or gangue minerals (see Appendix 4). The width of the
fracture fillings is in places less than 10 um.

A single grain of native gold was observed in the polished
section. The grain measures roughly 130*5C um in diameter
and it is a locked particle containing in addition to gold
also some gangue minerals (Appendix 4.

5. ANALYTICAL METHODS

The feed sanples and most of products were analysed

for gold by fire assay. Adgua regia dissolution and organic
extractien by dibutylketone/dibutylsulfide was used for the
first three tests but the results were not satisfactory
without roasting especially for the concentrates. The
determinations of Cu, Fe were made by flame AAS. The feed
was analysed by graphite furnace AAS for Te and Bi. The
concentrate was analysed by flame AAS for As, Te, Bi and Sbh.
8 and C by Leco analyser.

¥RF-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 serie. The fines were washed off
through 37 um sieve before dry sieving of the coarser
tracticns.

6. PROCEDURE OF FRCTH FLOTATION TESTS

6.1. Grinding

The test samples were ground in laberatory ball mill (1 kg
sample /500 ml water/6.8 kg iron balls). The first additien
of collector was made to the mill in the Aerophine flotation
tests. 1In xzanthate flotation the collector was added after
pH adiustment to conditioning. In two step grinding the
tailing of rough flotation was settled. The pulp density in
regrinding was approximately similar to that in the first
grinding stage {50 %).

&€.2. Conditioning

One minute conditioning time was used for the frother. Rpms
af the c¢ell were the same as in flotation.



OUTOKUMPU 075/Bidjovagge,C3,Cu,Au/VIP/1990
Geoanalytical Laboratory V. Palosaari 21.9.1990 5

6.3. Flotation

Outokumpu laboratory flotation machine was used both in
conditioning and fleotation. The ¢ell conditions of 2.0
litre cell in reougher flotation were 1500 rpm and 1.5 1l/min
alir. In cleaner flotations c¢ells of 1.6 1 and 1.0 1 volume
were used.

Rerophine 3418 A and Sodium Amylxanthate {NAX)
were used as collectors and Dowfroth 210 as frother
throughout the tests. Lime was used as pH regulator.

7. GRINDING TESTS

All the grinding tests (C301-04) were performed with
regrinding. The process of Bidiovagge concentrator was
simulated as closely as it is possible laboratory scale. The
rougher flotation was performed after 10 - 2% min grinding
and the tailing was sieved wet by 37 um sieve. The coarse
fraction of tailing was settled and clear water was
separated before regrinding. Pulp density in regrinding was
approximately 50 %. Grinding times of the regrinding were
the same as those of first grinding. The fineness of the
combined flotation tailing on different grinding times was
as follows:

Test No. | C304 Cc301 c302 Cc303
Grinding (min) 10+10 15+15 20+20 25+2%
Fraction um | wt-% Wt-% Wt-% Wt-%
+105 9.1 2.7 0.6 0.4
+74-105 13.1 6.7 2.6 1.3
+37-74 25.9 24 .2 17.4 11.6
-37 51.9 66 .4 79.4 86.7

The grinding tests indicate easy grindability of the ore.
The formation of slime in the first grinding stage 1s the
biggest problem in copper flotation. Flotatien time of
rougher flotation was increased from 6 to 9 min in the test
C304 and the lowest copper assay (0.4% %) of the fraction
-37 um of rougher tailing was achieved. 1In microscopical
study of the fraction following observations were done:

Pyrite and pyrrhotite are the most common sulphides in the
tailing, and they occur usually as free particles.
Chalcopyrite sunk into the tailing occurs also mainly as
liberated particles (Appendix 4).

The total recovery of copper was 99.6 % at concentrate grade
10.4 % Ccu. Gold recovery was nearly the same as that of
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copper 1in most the tests. The high gold assays in some of
the coarse sieve fractions and in some tailing samples
indicate the occurrence of coarse gold particles. As a
whole the flotation results were not very sensitive to the
grinding and that is why the collector tests were done on
the coarsest grinding tested (10+10 min).

8. COLLECTOR TESTS
£.1 Dosage of Aerophine

In the test C305 a lower dosage of Aerophine 3418A was used.
(40 g/t in rougher flotation and 20 g/t in scavenger
flotatien}. Total recovery of copper in the combination of
rougher and scavendger flotations was 94.1 % and concentrate
grade 12.4 % Cu. 1In three stage open cleaning of the
concentrate (RC+SC) the grade 17.9% % was achieved on the
recovery 86.8 %. The gold assay of concentrate was 10.9 g/t
and recovery 79.5 %. The estimated total copper recovery in
closed circuit is 92 % at the concentrate grade 18 % Cu. The
estimation is based on assumption that 2/3 of copper content
of the cleaner tailings will be recovered in closed

flotatien circuit (Appendix 3/3). On the same estimatien
gold recovery will be about 88 % and concentrate grade 11
g/t.

8.2 Xanthate flotation

Sodium Amylxantahate (Sdteri/Kemira) was tested as a
collector in pH 10.5 and 11.0. The collector was added to
conditioning after pH adjustment. Collector dosage was 80
g/t in rougher flotation and 40 g/t in scavenger flotation.
Flotation results for copper were nearly the same as with
Asrophine but for geld both the recovery and concentrate
grade were clearly lower.

5. COARSE FLOTATION

Coarse flotation in the tests C308 and C309 was performed
after 5 min grinding (14.5 % - 37 um) with Seodium
Amylxanthate in pH 10.0 and with Aerophine 3418A in natural
pPH.

Test results of xanthate flotation were poorer than in the
comparisen test €306 with 10 min grindiag and pH 10.5.

The copper assay of the fraction -37 um of rougher tailing
in Aerophine fleotation was slightly lower than in the
compariseon test €305 but the copper loss to scavenger
tailing was higher so the total copper recovery was lower.
Also the results of gold flotation were slightly poorer in
coarse fletation than in the comparigon test with 10 min
grinding time {(20.8 % - 37 um).
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10. ANALYSIS OF THE FINAL CONCENTRATE

The concentrate (CC3) of test C305 was analysed by XRF for

the 53 elements and As, Te, Sh, Bi were analysed with AAS.
The tellurium assay is 0.014 % and all the others are helow
the detection limit of flame AAS method.

11. PROPOSAL FOR PROCESS DEVELOPMENT

The main problem in copper flotation of the Bidjovagge C3
ore is the formation of fine chalcopyrite in first grinding
stage. Good classification and skim air type flotation of
¢yecleone underflow will lower the loss of chalcopyrite to the
fine fraction of rougher tailing. The c¢lear indication of
occurrence of coarse gold particles (Appendix 4} supports
the adoption of gravity separation methods.
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ArAscorx 4/,

100 um
Bidjovagge C3, feed. A locked particle consisting of native
gold (AU) and gangue minerals. CP = chalcopyrite and pYy =
pyrite, Magnification 170x.

| e |
100 um
Bidjovagge €3, feed. An ore particle consisting of chalco-
pyrite (CP), pyrite {PY), magnetite (MT) and gangue minerals
(black). Chalcopyrite occurs also as fracture fillings in
pyrite, magnetite and gangue. Magnification 170x.



Bidjovagge C3,

feed.

—————
100 nm
An ore particle consisting of chalco-

pyrite {(CP), pyrrhotite (PO} and gangue minerals (black).
Magnification 170x.

PY = pyrite.

Bidjovagge (3,

———
50 um

C304/-37 um. Chalcopyrite (CP) ocecurs
usually as free particles. PY = pyrite. Magnification 340x.
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MINING SERVICES, GEOANALYYTTINEN LABORATGRIO

XRF—ANALYYSITULOKSIA 13.09.90
TILAAJA: & PALOSAARI/GAL LASK.P: . OPER: MLM 97
ALUE: BIDJO €30S/CC3 KARTTAL . : JAKELU: VIP, IAH
9090065
%

C

F

NA 0.06

MG 0.61

AL . 0.480

ST 1.90

P 0.005

s 38.1

CL 0.012

K 0.014

CA 1.25

TI 0.0545

v 0.007S

CR 0.00S8

MN 0.0387

FE 35.23

co g.212

NI 0.0817

cu 16.37

ZN 0.0300

GA 0.0000 -

AS 0.0116 As < 0.0f yA [AAS FurnE

BR 0.0000 = = Tm SRl i

A8 0.0006

SA 0.0004
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