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OTTAWA 	March 14 e  1945, 

REPO 9 T 

of the 

OtiL DRESSING,-  AM) METALLURGICAL LABOUATORIES. 

Investigation No, 1808. 

A 2rocess for Eliminating Bimuth 
from Molybdenite Concentrate, 

Orian  of i22llt8 t  and Plub..Et e  ci  Investklation: 

In December, 1944 :  theartime Metals Corporation, 

637 Craig Street ':F;st,  Yontreal,  iuebec •  per  H. P. Dickey, 

General Wanager,  requested that those Laboratories attempt 

to develop a  method for eliminating bismuth  from the molyb-

denite concentrate  put  out by their  La Corne Project at Val 

d'Or,  uebec e i This mill run concentrate at present grades 

approximately 05 per cent MbS2,  2,0  per  cent Bismuth, with 

other impurities such as  iron  and Copper. Peacetime speci-

fications for MoS2  concentrate usually call for +90 per 

cent Mo32, with acid-soluble impurities below  0,5 per cent, 



fe...):0 2 , 

Ylterial  ,3eceived:  

A shipment of 1,000 pounds of mGlybdenite concen-

trate arrived from the La Corne Project on December 11 $  1944, 

A  100-pound  bag  tc,ken  from this shipment for test work gave 

the  following analysis: 
Per Cent 

YoS2 	 85.66 
Bismuth - 	2,89 
Copper 	 0.55 
Iron 	 2,32 

Investietion Results: 

Tho concentrate was found to consist of molybdenite ;  

chalcopyrite, pyrite, with ganzue minerals, mica and quartz, 

Bismuthinite could be identified with difficulty, In polieed 

sections, all of these minerals were evident, 

The relevant details from these investigations may 

be summarized as follows: 

1, Bismuth is closely aseociated with chalcopyrite, 

and is sometimes included in that mineral, 

2, Bismuth is never intimately mixed  with molybdenite, 

3.  quartz always contains  some molybdonite, making  a 

middling product, Bismuthinite  has not been 

discovered as  a  middling, probably  due to greater 

friability, in the grinding  circuit, 

4, Bismuthinite  is  affected by roasting  at  a  lower 

temperature than  is  molybdenite. The same ia 

true  of  chalcopyrite  and  pyrite. 

5 .  Rlsmuthinite  has a higher specific gravity than 

the associated minerals, 

6, A high percentage of the biemuth reports in the 

slime fraction of the concentrate, 

•.•■• 
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Flotation eets. 

liminsry  Te  ets - 

)experinents designed to find a method for elimina-

ting bismuth frum the concentrate by leaching and by gravity 

concentration were tried. These have been discussed in  other 

correspondence With the .Wartine teetals Corporation. 

The  tests described herein were begun on January 22, 

1945. 

As  molybdenite is so easily floated, it was decided 

to work only with the hope of depressing the impurities out 

of the molybdenite0  erevious experience has convinced  tha 

writer that depressing molybdenite Is never a satisfactory 

procedure. 

Accordingly, various depressing agents were uoed, 

with indifferent success. Than it was found that after a 

low-temperature roast, it was  possible to float most of the 

molybdenite  away from the bismuth, copper and iron, because 

the roasting left these sulphidos coated with a slight film 

of oxide, whereas the molybdenite was still untarnished. 

orlsj.ng on  this principle, a series of tests was 

carried out, to determine  the proper temperature for the 

 roast and to decide upon the proper reagents for flotation. 

of the roasted material. 

rereeir--  
Test:temperatures s : 	reeè 	Conc. 	: 	of 
No.: 	° 0. 	:MeSe : Pi 0  re'-:,e :17- :MoSe 	Bi : floata 

Pr 

1 	None 
2: 	$00 
3 : 	400 
4: 	450 
5 : 	500 
6: 	400 

, 	 . 	 . 	 . 	• 	, . 	: 	. 	. 	. 	. 	. 
:82.70:2.54:88.e0:2.78: 3.63: 4.30: one. 
:82 070:2.54:90.68:2.25: 4.57:13038: 	" 
:02.70:2.54: - :0.86:26,44:14.98: 	s 
:82.70:2.54:  -  :1.45:20.87:12.95: 	" 
:f2070:2 054:  -  :1.78:66.60: 6.69: 	" 
:82.70: 2 .54:96.51:0.10:66.06: 6.00: Four. 

These results showed that  a  clean, high-grade molyb- 
. 

denite concentrate could be  made  by roasting a rougher concentrate 



(Flotation Teats, conttd) -

to approxir.iately 400° C., i'loatinE a concentrai;A, and re-

cleaning this product throo ti^ ►es.

Fi:rthor Tests

The next problem was to evoJ.ve a t;ethod for assuring

a high recovery of the molybdenite, and to make a bismuth con-

centrate. A flow-nhe©t was thought out, keeping in mind the

desirability of as much simplicity as possibles in view of

the present situation, the dii'f2.culty of obtaining m3.ll equip-

ment a This flflwsheet is illustrated in FiE,tzro 1.

It Y^.as the advantage of Uc3J.na simple, and it will

make a high-gradd, clean, 1.1032 ooncontrate. However, there

is bound to be around 15 to 20 per cent molybdonite in the

bismuth co.,ncHntzr.te, and therFj is no prov3.zilori made for

removing the gangue from the concentrate, or for regrinding

the middlings. in this flow-sheet, most of the gangue

material frm the rougher concentrate will report in the

bismuth concentrate.

Another weak point of this flow-sheet ia. aeen in

the faot that s2imes and sands are not handled in separate

treatinentse The impalpable molybdenite is d.iificult to

float, as 3s the axtreraeZy coarse malybdenite. ',:'rien attempt-

ing to float slime and coarse molybdenite away fram the

Impurities, a hiC;h porcents.f;e of Mo: L must be loft behind.

If there Is a good market for a bismuth concentrate

grading 3round 20 per cont bismuth and. 20 per cent b1oS2, and

if the purchaser will pay for the containod ldoS2, then this

flow-sheet ,•rould probably be the iziost efficient.

(Continued on next page)
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(Flctation Testa, centld) 

TABLE I.  -  Results of Treatment  of Mill  Concentrate 
Uo. 1. 

M717117-7-  .tos? coleerVUTg 	• Bi-umalmweir  
tompor-: ncs2 	: 	: : moa2 z 	11,. 	• 
Slur°, : aasay, 	assay,:Recoverye assay, : assay, :ReceverY. 
° C. _ijer_centler  cent;per'oentlper centwer centtper cent 	 

• • 	 • 	 • 	 • 	 • • • 	 p 	 • 	 • 	 • 
400 	:  95.0 : 	0.26 :  02.3 :  33.6  : 	18.2  : 	93.0 

• • • 
•••••••••••••111•1••••■■•••••••••••■•••••■■•■•••••••••••••■•.  	 ••■■••■•••••••■••••■ 	 •••••••••••••••■•••••• •••■••••••••••••••• 

itefinoments 

The  flor.sheet shown in Pigure 2 is the recommended 

procedure  for  the solution  of this problem. 

••  It  hae these advantages: 

is It ensures high recovery  of the Mo82 in a clean  +9à 

per cent llok concentrate. 

2.  It vill allow for the making of a Gangue-free bismuth 

concentrate, grading about 25  per cent bismuth, which could be 

further improved by  a orocess for  removing the copper  and  iron 

minerais by magnetic separation. 

Z. It provides  for regrinding the midUings,  thus  making 

It  possible  to pull harder  in the rougher concentrate  celle, 

 liftinà all the  metallics, vith  later elimination of  the  waste 

after regrinding.  Uth  a regrind mill in the circuit, it would 

be possible to Grind to a much coarser Product in the primary 

grinding circuit, thus lowering .  costs,  ilrproving  recovery, ancl 

raisin  the  tonnage. 

4. It  provides for separate treatment of the slimes and 

sands, allowing  the  flotation cella to work much more efficiently . 

5. It takes advantage  of the extremely high specific 

gravity of blemuthinite, taking  off the  ac,arse  fraction of the 

minorai  in a table concentrate that grades over 45 per cent 

bismuth. 

6. The middling product rent to the regrind mill  consiets 



Roast : 	MoS2 
temper-: Mor,2 
ature, : assay, 
°  C 	:nor  cent m  

mmrre._ 	 

:Recover7s: 
'....MeàâZE...13gLILL.L.MILIUL.MaLliLLUZ cont:p  r  cent:per  cent 

NCJ: 
: 	Bi 
: aesay, 
:per cent 

••■•••••••••••••• 

1:0S2 
assay,  : 
e  cent: 

,S2 	: 	Bi 	: 
3say, :  assays :Recovery, 

• • 	 • 	 • • • 	 • 	 • 	 • 
.•••••••■••••• 	 ,...........ematememmaga.....1•■•■••■••■••■•■■■• ••••••••••••••• 
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(Flotation rreets,  contId) - 

of coarse molybdenite that  ha  s been tarnished by contact with 

iron ln the primary grind. It also contain3 quartz with 

attached molybdenitc when these produets arc ground in a 

pebble mill, the liberated MoS2 is bright and easilj floated. 

TABU; IC.  -  Ie3ultc  of  Treatment or Mill Concentrate 
Flow-C)1TEZTI No. 2. 

450 	: 96.42 :  0 020 : 98,40 : 17.94  : 36 .35 : 91.60 

•••• 

General Diseuusion: 

The  results shown above cannot be accepted as final, 

until à continuous mill run has been made. 'are  ha  s been taken, 

however, to duplicate operational  conditions, and there should 

be no great difficulty in achieving results of this order ln a 

concentrator. 

The new machinery required for  the mill, to install 

equipment suitable for ' Plow-Sheet No. 2, is listed herel 

1. Two 2-inch Wilfley pumps. 

2. A roaster o2  the Uerresehoff type, about 6 feet 
In dismeter, with four hearths. 

3. An oil burner to heat the roaster. 

4. A  five-leaf American-type filter. 

5. Three Donver  • 18  flotation cells. 

e. 	ur ii:12  Denver flotation cells. 

7. One quarter- or half-deck Wilfley table. 

8. A small classifier or hydraulic sizer. 

A small pebble  mill. 

The reagent consumption  for this procedure cannot be 

9. 
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(General eiacuesion, coold) 

calculated except under continuoue-run conditions. It  is 

estimated  that the reagent consumption will be 50 per cent 

 greater  than at event. In this expnrimental  work,  a .  

combination  of keronene, pine  •il, and Artie syntax  ne:  eeenes 

to give  the best resulta. pH iu regulated with  either lime  or 

soda aeh; the opinion of this eleiter is that lime  should be 

used  during the flotation of the coarse molybdonites  an  ik  soda 

aeh in  tha elime circuit. By this rethod, slimes  and impuri-

ties  may iee depressed out of the first circuit,  while leavin3 

the  concentrate in  good condition to be filtereà.  It it 

extremely difficult to filter molybdenite from  a  pulp in which 

soda  ash is present in noticeable quantities. 

In comparison with the only other method yet dis-

covered  for eliminating A.smuth  tram MoS2  concentrate, i.e., 

leaching, this prooese is probably cheaper in operational . couts. 

It  bas  been found that  in  leaching, the concentrate does not 

respond to treatment unless it hau been tirat roaeted. Leaching 

raises the grade of the concentrete very little while elimina-

ting  the imparitiee; the present reethod raises the grade te a 

point wàore it ocn compete with the  best on the market. 

SemELnz: 
The process described herein shows  that a molybdenite 

concentrate may ba made from the La Corne ore  that will be +95 

per  cent e0G2 with acid  soluble iepurities  below 0.5 per  cent.' 

The  indications are that the overall mill recovery, considering 

the be,  C).:;'‘;  in the bismuth concentrate made in.this  process 

as lost, will be higher than it is at present. A bismuth con-

oentrate,tbat is well within the requirements of the specifica-

tions known to uslo may be produced. 

A rough estIleate of the Increased cost of millings 
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(Sumrary, cont , d) - 

according to this  system,  L  that ït  should be  les than a 

a cent  a pound, calculated . on  the  LoS2 concentrate. 

It is augested that  -artime Vetals Corporation 

supply two tons  of their mill concentrate,  Thie material 

will be treated and  the products will be returned to  the 

'corporatioe. At tho same tine same information  should be 

given  about the specifications for b. bismuth  concentrate. 
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FLOgetlea  NO.  1. - 

-r 
Tailing, 

Rougher Cells. 

ROaSter. 

Feed. 

y„..-cosene 
or Fuel ‘C 
011, and 
pine oil, 

Sintax; Possibly 
scale Amyl Xanthate 
4,CuS02 to promote 
bIsmuth. 

Process.For 

EgE.2.Lix_jupisrautheim 
Molybdenite.  

UoS.) 	Bi 
- Per Cent - 

Ho% conc. 	95 	0.25 

Bi  conc. 	 20 20.00 

(On rougher concentrate 
containin- 2.5 ›)ar cent nr. 

.1.•■•■•■ 

Return middlinija. 

Filter, two loaves. 

Filter $  two leaves 
(or thickener). 

1 
Conditioner. 

MoG2  

Cleaner Cells. 

lieroaene  or 
Fuel  oil 

Lime, Pine Oil, 
Aral° y*.ntax. 

Kerosene or 
Fuel Oil, 

Soda Ash, 
Pine Oil, and 
Arctic 5erl t  6  

Circulatin 
Middlings 

Pumr, 

:ewatering cone, 
or thickener 

filter,) Possibly not necessary to the circuit. 

--> Middling return to roaster. 
Bank of cella desieed; MoS2 Conc. 

- First, to float EoS2 away from Bi and other 
• impurities. 
.» Second, to  clan the impurities  out  of  the 

M032, that  h»s been floated. 
Middlinga -  high in  goS2 may be re-circulated. 
MiddliniLs hie In  Bi m2y  bo ro-roasted. 

ne 

1 1 

aes ■ 

r .3.  
,  4 
C 1.-  r. 
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FeeU. Regrind Mill  Discharge.   

rleturn 
1 ..rosene 
or Fuel 011, 
ïlne Oil, 
leutic 
Syntax, 
Possibly some- 

Xanthate 
-f-CuS02 to promote 
bismuth, 

`4,  
Tiilhii 

Rangher Cells. 

Pebble Mill. 

PullIP . 

FLUW6gMT NO. 2. 

Process  For 

RemoyMe  Bismuth  

From Yolibdenite. 

I Ne, 

te  rI  i/ 
;u1e, Filteer 

 Thickeneri 

Condit loner gi 

M032 Conc. 

Table. 

Bi Gene . 

Filter, two leaves, 

Kerosene 
Roaster. or Fuel 011 

Pine-Oil, 
,lc îiynta;.1  

Lime. 

Kerosene or Fuel Oil, 
Pine Oil, Areic Syntax t_Soda  Ash o. ) 

Lime. 
- 	 'e*e  MoS2 Conc. 

— 

Middline; to Roaster. 

aâe  Bi 
- .eer  Cent - 

MoS2  conc. 	95 	C425 

Bi conc:. 	 - 	10 	35,C3 

(On rougher concentrate 
containing 2,5 per  ccnt Bi)0 

r- 

i-o 
o  


