
bATE 	2- , 

kjiliORIZED 13i 
CANADA 

DEPARTMENT OF MINES AND TECHNICAL SURVEYS 

OTTAWA 

MINES BRANCH INVESTIGATION REPORT IR 62-56 

FLOTATION AND CYANIDATION TESTS ON 
A SAMPLE OF GOLD-BEARING SULPHIDE 

CONCENTRATE, SUBMITTED BY 
PRECAMBRIAN MINING SERVICES LIMITED, 

YELLOWKNIFE, N. W. T. 

by 

G. I. MATHIEU & R. W. BRUCE 

MINERAL PROCESSING DIVISION 

NOTE: THIS REPORT RELATES ESSENTIALLY TO THE SAMPLES AS RECEIVED. THE 

REPORT AND ANY CORRESPONDENCE CONNECTED THEREWITH SHALL NOT BE 

USED IN FULL OR IN PART AS PUBLICITY OR ADVERTISING MATTER. 

COPY NO.2§ AUGUST 16, 1962 

eburgoyn
Black



Indi.istrial Confident.ial.

Mines Branch Investigation Report IR 62-56
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G. I. Mathie0and R.W. Bruce-,

SUMMARY OF RESULTS

The Precambrian sample consists of a pyrite
and arsenopyrite concentrate containing a small amount
of antimony. Gold is the only important mineral in the
concentrate.

It was not possible to concentrate the gold

bearing minerals'by flotation (Tests 1 to 4).

P.oasting of the Precambrian concentrate and
cyanidation of the calcine gave ove'rall gold recoveries
varying from 62.0%, to 88.11% (Tests 4 to 19).

Selective flotation of antimony minerals re-
moved Li.l.2,',' of the antimony and 4.0% of the gold present
in the Precambrian concentrate (Test 20). Roasting of
the flotation tailing and cyanidation of the calcine
recovered 88.4% of the gold contained in the flotation
tailing.

The ►Bromocyanide Process" did not extract
any additional gold from a straight cyanidation tailing.

-`Scientific Officer and *-^I-Iea,d, Non-Ferrous Minerals Section, I•:ineral
Processing Division, 11•Iines Branch, Department of 3•lines and Technical
Surveys, Ottawa, Canada..
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INTRODUCTION 

Shipent and Instructions 

A sample of the Precambrian concentrate for this investigation was 
received from the Extraction Metallurgy Division of the Mines Branch on 
February 6, 1962. This material, weighing 120 lb, represented about one half 
of the original sample shipped to the Mines Branch by Mr. Norman Byrne, Presi-
dent of Precambrian Mining Services Limited, Yellowknife, N.W.T., in Septem-
ber 1960. 

In correspondence with Dr. Frederick Brien, P. Eng., Consulting 
Metallurgist, 2552 Roanoke, Seattle 2, Wash., U.S.A., a testing program was 
arranged for the Precambrian concentrate. 

This included flotation of the gold bearinglu.inerals; roasting and 
cyanidation of the calcine; removal of antimony minerals by flotation follow-
ed by roasting of the flotation tailing and cyanidation of the calcine; appli-
cation of the "Bromocyanide Process". 

Location of Pro,p2rtz 

The property from which the sample originated is the Negus Mine, 
near Yellowknife in Northwest Territories. Dr. Brien described the sample 
as a bulk sulphide concentrate floated from cyanidation tailing and stock-
piled for at least twelve years. 

seellu_gle Analysis 
A one pound head sample was riffled out by conventional methods for 

chemical analyses. 

The following determinations were made: 

Gold 	(Au) 	1.21 oz/ton 
Silver 	(Ag) 	2.08 oz/ton 
Iron 	(Total Fe) 	26.3 % 
Iron (Soluble Fe) 	26.3 % 
Arsenic 	(As) 	12.10 % 
Antimony (Sb) 	0.21 % 
Sulphur 	(s) 	24.24 % 
Insoluble 	 18.35 % 
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Products 	Weight 
/0 

- - 

/0 	loz/ton 

Flotn cone 	20.1 Flotn cone 	20.1 
Flotn tail 	79.9 

Sb I S 
■•■■••••••■••■*■■■•••••••■ 

Au 

1.12 	15.3 

1.24 84.7 

Sb 
F••••••••■•••••••-•••■•••■••••■••F • es,. 

45.7 
54.3 20.4. 	18.5 

79.6 	81.5 

Asuys 	 Distribution 

•■■■••■■•■■••■yee.... 

Feed (calcd) 100.0 1.22 100.0 100.0 100.0 I 100.0 12.0 0.2/1 24.3 

■■••,...,•••■■•■  1.  e 

As 

9.1 
12.7 

0.66 
0.14 

24.7 
24..2 

of 
/0  
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DETAILS OF INVESTIGATION 

The first part of the investigation was an attempt to float the 
gold bearing minerals (Tests 1 to  4 ). 

In the second part, a series of roasting and cyanidation tests were 
carried out under different conditions (Tests 5 to 19). 

The third part of the investigation was concerned with the removal 
of the antimony minera is, prior to roasting and cyanidation, to determine the 
effect on the gold recovery (Test 20). 

In the fourth part, the possible application of the "Bromocyanide 
Process" to the Precambrian concentrate was investigated (Test 21). 

Flotation of Gold  Bearing_Minerals 

Test 1 

A 2000 g sample was cut from the concentrate and floated as in-
dicated in Table 1. 

TABLE 1 

aments and Conditions  

Operation 	 Reagents 	lb/Lon 	Time 	min 	pH 

Conditioning 	 R-301 	- 0.1 	 5 	 6. 0  
Cu  804 	- 1.0 

Flotation 	 Pine Oil 	- 0.04 	12 

The results of Test 1 are shown in Table 2. 

TABLE 2 

Results of Flotation Test 1 
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L-Lst 2 

Test 2 was similar to Test 1, except that 3.0 lb of Na2CO3 per ton 
of ore was added to the conditioning, increasing the pH to 7.1. The results 
of this test are swmarized in Table 3. 

TABLE 3 

Results  of,Flotation Test 2 

Products 	Weight 	 Ap s 	 Distribution 
» 	 e 	oz ton 	 c. 

	

As 	Sb 	S 	Au 	As 	Sb 	 Au 

Flotn  cône 	14.4 	9.1 	0.99 	21.ï, 	1.21 	11.1 	54 .3 	12.9 	14 .3 
Flotn tail 	85.6 	32.3 	0.14 	24.Ë 	1.22 	88.9 	/1 5.7 	87.1 	85.7 

- - 	 _- 
Feed (calcd) 100.0 	11.8 	0.26 	24./ 	1.22 	100.0 	100.0 	100.0 	100.0 

Test  

This test was similar to Test 1, except that 0.2 lb of Reagent 
610 per ton of ore was added to the conditioning. Table 4 shows the results 
of Test 3. 

TABLE  4 

Results of Flotation' Tes-t2 

Products 	Weight 	As sas 	 Distribution  
% 

	
oz ton 

	

As 	Sb 	S 	Au 	As 	Sb 	S 	Au 

Flotn cone 	22.3 	8.8 	0.69 	29. 	1.04 	15.9 	58.6 	27.4 	19.4 
Flotn tail 	77.7 	13.4 	0.14 	22.7 	1.24 	84.1 	41.4 	72.6 	80.6 

_- 

Feed (calcd) 100.0 	12.4 	0.26 	24.3 	1.20 	100.0 	100.0 	100.0 	100.0 

Test 

This test was similar to Test 1, except that the ore was ground 
for 10 min before flotation. Table 5 summarizes the results of Test 4. 
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TABLE 5 

Results of Flotation  Test 4  

Products 	Weight Assays 	Distribution 
(/) 	 /11 	-MA-MI-  

	

As 	Sb 	S 	Au 	As 	Sb 	S 	Ail 

Flotn cone 	17.4 	10.8 	1.04 	23.4 	1.34 	15.1 	68.7 	16.5 	19.0 
Flotn tail 	82.6 	12.8 	0.10 	25.0 	1.20 	84.9 	31.3 	83.5 	81.0 

Feed (calcd) 100.0 	12.4 	0.26 	24.7 	1.22 	100.0 	100.0 	100.0 	100.0 

Roasthff,  of Precambrian Concentrate and C anidation  of Calcine 

Tesk.5_,(21a5IMPLI2S11 

A 500 g sample Of PrOcambrian concentrate was mixed with 50 g of 
NaC1 and roasted for 90 min at 450°C, until all arsenic fumes were evolved. 
The temperature was then raised to 650°C and held for 15 min. 

A 200 g sample from the calcine was ground for 30 min to 85% - 20 
microns and cyanided for 72 hours ab a dilution of 5:1, with solution con-
taining 1.0 to 1.5 lb of NaCN and 0.05 to 0.1 lb of CaO  per ton. 

Using the pattern of Test 5, a series of tests was made to investi-
gate different factors as follows: 

.TMLL711.21:1111ing. 

Test 6 was done on unground calcine, and in Test 7, calcine was 
ground for 60 min. Size analyses showed 39% and 93 2g , respective1y, minus 
20 microns. 

Tests 8Z/LJUaglieeDJUOIZia 

In Tests 8 and 9, the cyanidation time was 48 and 96 hours re-
spectively. 

Test 10: Cyanide Concentration 

The sodium cyanide concentration was increased and maintained at 
2.0 to 2.5 lb/ton in this test. 

Test 11: Addition of Lead Nitrate 

This test was carried out wlth an initial PbNO3  addition of. 2.0  
lb/ton of solution. 
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Test 12: Preaeration 

A 6 hours aeration with CaO preceeded the cyanidation in this test. 

Tests 137AJ Final Roastinc,  Tempera.ure 

In Test 13, the material was roasted for 105 min at 450°C while, in 
Test 14, it was roasted for 90 min at 450°C and then the temperature was 
raised to 900°C for 15 min. 

Tests 15-16: Salt Addition 

The NaCl  addition was decreased to 25 g in Test 15 and Test 16 was 
made without NaCl addition. 

This test was similar to the Standard test, except that no salt was 
added to the.roasting stage and the final roasting temperature was 900°C. 

TesIss_j_8-_.1kiee Concentration 

Tests 18 and 19 were similar to Test 17, except that no CaO was 
added to the solution in Test 18 and the CaO strength was maintained at 0.2 
lb/ton of solution in Test 19. 

The results of the roasting and cyanidation tests are shown in 
Table 6 and 7 respectively. 

TAPIE  6 

Results of .11)es:t, r,  je.s.1§...,5 to 19  

Test 	Loss WeieTht 	-- 	Calcine ,„„In 	Recovery',  ,, 	-------- 	 --_-_-__ 

	

Sb 	As 	S 	--Au 	Ag 	Au 	Ag 

	

5 	22.4 	0.04 	1.82 	6.55 	1.22 	- 	86.1 	- 

	

6 	22.9 	0.04 	1.68 	6.67 	1.24 	- 	87.0 	- 

	

7 	24.0 	0.06 	1.68 	6.36 	1.23 	 85.0 	- 

	

8 	20.8 	0.10 	2.24 	7.15 	1.22 	- 	87.8 	- 

	

9 	23.0 	0.07 	1.72 	6.42 	1.22 	85.4 	- 
10 	23.1 	0.05 	1.63 	6.68 	1.23 	- 	86.0 	- 
11 	23.5 	0.06 	1.26 	6.75 	1.22 	- 	84.9 	- 

	

12 	22.2 	0.04 	1.91 	6.94 	1.24 	- 	87.7 	- 

	

13 	22.9 	0.04 	1.57 	6.35 	1.28 	- 	89.7 	- 

	

14 	24.2 	0.05 	1.60 	5.78 	1.26 	- 	86.8 	- 

	

15 	25.1 	0.09 	1.99 	5.93 	1.42 	- 	92.2 	- 

	

16 	27.6 	0.15 	2.41 	3.50 	1.62 	- 	96.9 	- 

	

17 	29.4 	0.18 	2.28 	2.18 	1.70 	3.02 	99.2 	100.0 

	

18 	29.4 	0.19 	2.33 	2.21 	1.70 	2.94 	99.2 	99.8 

	

19 	29.4 	0.20 	2.37 	2.24 	1.69 	2.87 	98.6 	97. 4  

*Calculated percenLa:e of _:(1)1d and silver renaining in tLe calcine after 
roasting. 	 • 



TABLE 7 

Results  of qanidion Tests  j_19_12 

S erai  
Test 	Reagent Consumption 	R.P. 	Cyanide Residue 	-Extraction 	 -- 1,ecovery 

11->t-i----r-el- 	cc N K 4n04/1 	 , 	 e 

	

NaCn 	CaO 	10 	 Au 	Ag 	Au 	Ag -,, 	 Au 	Ag 

	

5 	37.2 	36.1 	 40 	0.26 	- 	78.7 	- 	67.8 	- 

	

6 	16.9 	49.2 	 36 	0.31 	- 	75.0 	_ 	65.3 	- 

	

7 	13.7 	49.7 	 32 	0.27 	- 	78.0 	- 	66.3 

	

0 	32.2 	37.3 	 52 	0.30 	- 	75.4 	- 	66.2 

	

9 	17.4 	54.1 	 24 	0.28 	- 	78.7 	 67.2 	- 

	

10 	27.4 	54.4 	 24 	0.32 	- 	74.0 	- 	63.6 	- 

	

11 	27.6 	48.4 	 44 	0.33 	- 	73.0 	 62.0 	- 

	

12 	15.2 	55.3 	 20 	0.32 	- 	74.2 	- 	65.1 	- 

	

13 	33.1 	35.3 	 28 	0.30 	- 	76.6 	- 	68.7 	- 

	

14 	10.3 	30.6 	 20 	0.17 	- 	86.5 	- 	75.1 	- 

	

15 	28.3 	34.7 	 60 	0.30 	- 	78.9 	- 	72.7 	- 

	

16 	15.2 	27.5 	120 	0.41 	- 	74.7 	- 	72.4 	- 

	

17 	4.2 	0.6 	 16 	 0.20 	2 • 75 	88.2 	8.9 	87.5 	8.9 

	

18 	4.2 	0.0 	 16 	0.19 	2.73 	88.8 	7.2 	88.1 	7.2 

	

19 	3.2 	. 	3.0 	 16 	0.19 	2.64 	88.8 	8.0 	87.6 	7.8 

- 

* Calculated by difference. 
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32.94 
1.20 

41.2 
58.8 

53.6 
46.4 

2. 5 
97.5 

4.0 
96. 0 

- 	-- 

ji-DtP.tj - Pn 9f A 11 tjni PAY: 
Flotation Tailinr,  and Cvanidation  of  Calcine 

Test 20 

A 2000 g sample of Precambrian concentrate was conditioned for 
20 min in a flotation cell with 2.01b/ton of NaCN per ton of solids and 
floated for 4 min with 0.02 lb of pine oil per ton. Table 8 summarizes the 
results of this test. 

TABLE 8 

Results of Flotation Test 20 

Products 	Weight 	
____---- 	 

Assup .  
1----'  	f- 

__ 

ovton 
Sb Cu As I Au Ag 

e 	c ,  p 	.  
Ag Sb f Cu 1 As 1 Au 

Sb conc 	3.1 3.06 2.53 10.3 1.53 
Flotn tail ' 96.9 	0.14 0.07 12.7 1.16 

46.8 
53.2 

Feed (calcd) 100.0 10.23 0.15 12.6 1.17 2.18 100.0 100.0 100.0 100.0 100.0 

A 500 g sample, cut from the flotation tailing, was roasted and 
cyanided using the same procedure as Test 17. The roasting and cyanidation 
results are shown in Table 9 and 10 respectively. 

TABLE 9 

Results of Roasting Test 20 

Loss Weight 	 Calcine Assavs 	 Recovery 
,-  

% 	 . 	 oz ton  
Sb 	As 	 Au . 	Ag 	Au- 	Ag  

27.2 	 0.11 	2.25 	1.97 	1.64 	1.68 	100.0 	100.0 



TABLE 10 

Results of CyanidationTest 20 

-- 	 __ 
Overall 

Reagent Consumption 	R.P. 	Cyanide Residue 	Extraction 	Recovery 
lb/ton ore 	cc N KMh01/1 	oz/ton  
— 	 10 

NaCN 	CaO 	 Au 	Ag 	Au 	Ag 	Au 	Ag 
_—_—   — 

3.2 	3.4 	16 	0.19 	1.58 	88.4 	6.0 	84.9 	3.1 

Bromocianide  Trocess 

A 1000 g sample of the Precambrian concentrate was aerated for 
24 hrs at a dilution of 2:1 with CaO  added periodically in small amounts. The 
pulp was then.cyanided for 48 hrs in a solution maintained at 190 lb of KCN/ton 
and 0.2 lb of CaO/ton, filtered and washed thoroughly. A small portion of the 
cake was cut for assay while the remainder was repulped to a dilution of 2:1 
in a solution containing 1.0 lb of KCN/ton and 0.7 lb of bromocyanide/ton, 
which was prepared as indicated in “Cyanidation and Concentration of Gold. and 
Silver  Ores ' / Dorr and Bosqui, pps 266-267. The pulp was agitated  for 24 

 hrs, filtered and washed. A portion of the cake was cut for assay while the 
remainder was submitted to a second bromocyanide treatment similar to the 
first one. 

The résulte of this test are shown in Table 11. 

TABLE 11 

yesults  of Bromocyanideyest 21 

Operation 	 Reagent 	Reducing Power 	Residue Assays 

	

Codsumption 	cc N KMn04/1 	oz/ton 

	

lb ton ore 	10 	. 	 Au 
Ca0KCN 

a7*.e.wns. 	 •e•ac*ws..1m...neen 

Aeration 	 43.0 	- 	 - • 	 - 
Cyanidation 	 1.8 	5.9 	1280 	 0.99 
let  Bromocyanidation 	- 	- 	 440 	 0.98 
2nd Bromocyanidation 	- 	- 	 440 	 1.02 

These results indicated that no additional dissolution of the 
gold took place during treatment with bramocyanide. 
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CONCLUSIONS 

•  a 	 The Precambrian material is a bulk pyrite and arsenopyrite concen- 
trate assaying 1.21 oz Au/ton. The silver assaying 2.08 oz/ton is intimately 
associated with the antimom preably in a tetrahedrite-tenantite mineral. 

In Tests 1 to 4, attempts were made to concentrate the gold bearing 
minerais  by flotation. No concentration was achieved by this procedure, pro-
bably due to the decree of oxidation of the material. 

Tests 5 to 16 involved roasting and cyanidation, while varying con-
ditions to determine their effects on the cold recovery. The results of these 
tests can be summarized as follows: 

(1) Grinding the calcine before cyanidation resulted in only a slight 
increase in gold extraction. 

(2) Nearly all the dissolution of the gold took place in the first 48 
hours. Extending the cyanidation period to 96 hours results in a very slight 
increase in recovery. 

(3) A cyanide strength of 1.0 to 1.5 lb per ton of solution gave maxi-
mum extraction. No increase in recovery was obtained when the cyanide strength 
was increased above this amount. 

(4) The addition of lead nitrate during cyanidation gave no increase in 
gold extraction. 

(5) Preaeration with lime reduced cyanide consumption but gave no in-
crease in gold extraction. In all of the above tests, the overall gold ex-
traction was in the range of 62 to 68%. 

(6) Increasing the final temperature and decreasing the salt addition in 
the roasting stage resulted in marked increase in overall gold recoveries and 
decrease in reagent consumption. 

The investigation showed that the addition of salt was not necessary 
during roasting for maximum gold extraction, as long as the roasting was done 
in two stages. The first stage was at 450°C at which temperature the arsenic 
is oxidized below the melting point of the stibnite; in the second stage,the 
roasting temperature was 900°C. This resulted in the best gold extraction from 
cyanidation of the calcine. Test 17 conducted along these lines gave an over-
all gold recovery of 87.5% and at the same time greatly reduced cyanide and 
line consumption. 

Test 18 and 19 showed that although the elimination of lime during czrani-
dation cave no inprovement in cold extraction, it is reconuiended that lime 
strength be kept low and in an amount used that is sufficient for good settling. 

Flotation of the antimony  minerais in Test 20 produced a concentrate 
assaying 3.06% Sb, 32.94 oz Ag/ton and 1.53 oz Au/ton and contained 41.2% of 
the antimony, 46.8% of the silver and 4.0% of the gold in the sample.. 
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Roasting of the flobation Ladling and cyanidation of the calcine gave an 
overall gold recovery of 84.9%. It may be assumed from the gold recoveries 
in this Lest and previous tees that the antimony is not in sufficient 
amount to interfere with the cyanidation of the gold provided a two stage 
roasting technique is used as previously outlined. This test also established 
the silver-antimony association which explains in part the poor silver ex-
traction by cyanidation. 

The ”Bromocyanide Process!' does not appear applicable for the treat-
ment of the Precambrian concentrate. 
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