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Indus trial Confident lai  

Mines Branch Investigation Report IR 62!-73 

PILOT PLANT INVESTIGATION ON SCHEELITE ORE FROM 
CANADA TUNGSTEN MINING CORPORATION LTD•, 

FLAT RIVER, N.W.T. 

by 

T. F. Berry* and R. P. Bailee*  

SUMMARY OF RESULTS 

About 34 tons of high-sulphide scheelite ore 
containing an average of 2.39% NO3 were milled during the 
pilot plant run. 

Most of the sulphides were removed by an initial 
bulk flotation with the loss of only 3% of the tungsten 
mineral. In subsequent treatment of the flotation tailing 
by sizing, successive tabling, sulphide scavenger flotation, 
drying and high intensity dry magnetic separation, approxi-
mately 70% of the tungsten was recovered in a final gravity 
concentrate assaying about 76g NO3. An additional 15% of 
the tungsten was recovered by scheelite flotation of a slime 
fraction followed by acid-leaching to produce a concentrate 
assaying about 69% NO3. 

A satisfactory reduction of the impurities to less 
than specification maxima was achieved in the final gravity 
concentrate. However, additional work on a plant scale  bill 

 be necessary to reduce the sulphur in the scheelite flotation 
concentrate to an acceptable level. 

* Technical Officer and " Senior Scientific Officer, Mineral 
Processing Division, Mines Branch, Department of Mines and 
Technical Surveys, Ottawa, Canada. 
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INTRODUCTION 

In October, 1959, at the request of Canada Tungsten Mining Corpor-
ation Ltd., Suite 502, 1200  West  Ponder Street, Vancouver 1, B.C., 
investigations were  star -lad  by the Mines Branch in Ottawa on the recovery of 
scheolite  frein  ore and drill core samples  front tho company's property in the 
Flat River area, N.W.T. 

These investigations, which continued for about tao and 5 MI 
years,  were  reported in Mines Branch Investigation Reports IR 60-8004, 
IR 61-107( 2), and IR 61-108( 3 ), and led to a decision by Canada Tungoten 
Mining Corporation Ltd., in January, 1962, to ask the Mines Branch to under-
take a pilot plant investigation on a large shipment of the oro. 

The pilot plant investigation was carried out undor the general 
direction of Mr. R. W. Burton, Assistant Manager of Canada Tungsten Mining 
Corporation Ltd., in cooperation with officers of the Non-Ferrous  Minorais  
Section, Minorai  Processing Division, Mines Branch, Ottawa. 

„Mr. R. H. Ross, Metallurgist for American Metal Climax Inc., issued 
a report( 4 ) dated November 30, 1961, in which ho outlined a flousheet based on 
the results of the previous investigational work at the Mines Branch and else-
where. The object of the Mines Branch pilot plant investigation was to 
simulate the flowsheet presented by  fr.  Ross and to produce as much gravity 
and flotation concentrate as possible for use by the company. 

With the exception of one small pilot test involving abot4 'faur 
tons of ore, described in Mines Branch Investigation Report IR 60-8004, the 
earlier investigations were limited to small scale bench tests including both 
gravity and flotation concentration of the schoelite. The present pilot 
plant investigation  was  designed to make possible, for the first time on a 
relatively large scale, observations on the grinding and classification, 
sulphide flotation and copper recovery, and sizing and tabling during a 
continuous operation. Only the scheelite flotation was run on an intermittent 
basis because of the small amount of material available. 

Soon after the pilot plant investigation began it became apparent 
that the,r?sults would be considerably different from those predicted by 
Mr, Ross0). Because these results would have an important bearing on the 
opera-lion of a full sized mill considerable time was spent testing modifi-
cations of the planned flowsheet while keeping in mind the type of equipment 
already acquired for the opera -lion  at Flat River. 

Origin and Description of Ore 

( 5 ) According to a preliminary report 	by R. W. Burton, issued at the 
completion of this pilot plant investigation, the ore available was that 
stored at the Flat River property (about 16 tons), at Watson Lake, Y.T. (about 
17 tons) and at Lakofield, Ontario (about I ton). All three lots were shipped 
to the Mines Branch in 744 jute bags and were treated as one shipment. Although 
approximately 10/0 of the ore was  highly oxidized the remainder was firm lump 
ore showing only slight oxidation. 



pETAns OF PILOT PLANT INVESTIGATION 

Description of Equipment 

1. 8 in, x 12 in. Hadfield, Blake type,  jar crushnr 
2 0  20 in. SymonS (standard) cone crusher 
3. 24 in. x 48  in  Sturtevant Moto-Vibro screen 
4. Hardinge constant weight feeder , 

5. 30 in. x 48 in ,  rod mill 
6. 12 in. 600  arc WU Screen 
7. 24 in. x 36 in, Denver conditioner 
8. 10 No, 7 Denver Sub A flotation cells (bulk  sulphide flotation) 
9, 18 in.  x24  in. Denver conditioner 
10. 10 No. 6 Denver Sub A flotation cells (conPer flotation) 
11. 3 in. 209 Dorrclone hydrocyclone 
12. 4 compartment, each 50 mm, typo M hydrecyclone 
13. Southwest (SUECO) separator - 13 in. and 30 in. diam. holding 

at verious times, 50 m, 80 m and 100m screens 
14. Standard size Ifilfley table 
15. 1/2 size Deister table 
16. 1/4 size Uilfley table 
17. Laboratory size Deieter table 
18. 3 ft. x 3 ft, pan filter 
19. 24 in. x 10 ft. stainless steel belt dryer  with 4 Calrod 

heating elements 
20. 3 roll, 10 in. wide, Dings type dry high intensity magnetic 

separator 
21, 3 cross belt, Iletherill typo dry high intensity magnetic separator 
22 .  Laboratory .  model Stearns 	11 
23, Jones, wet high intensity magnetic separator 
24. 5 No. 7 Denver Sub A flotation cells (scheelite flotation) 
25. 

Crushinç 

The ore  iras  crushed in an 8 in, x 12 in, Hadfield jaw crusher 
followed by a 20 in, Symons cone crusher in closed circuit uith a Sturtevant 
Moto-Vibro screen giving an undersize product substantially -3/8 in. To • 
reduce the possibility of the crushed ore becoming oxidized not more than 
5 tons of crushed mill feed  tas  kept on hand at any one time. 

There were no'problems - in crushing the ore although there was 
considerable dust loss none of which was recovered for treatment. 

A typical screen analysis of the mill feed delivered by the 
crushing plant may be seen in Table 1. 

8 No. 5 	II 	11 	 ) 



TABLE 1 

p1cal Screenits_ 	min Feed 

	

Mesh 	Weight 	Grouped 

	

Size 	Retained 	Weight % Retained 

	

+ 	3/8 inch 	1.0 	 1.0 

	

+3 	mesh 	35.8 

	

+4 	" 	 23,0 
75.0 

	

+6 	" 	 10.0 

	

+3 	" 	 6.2 

	

+10 	H 	 4.7 

	

+14 	H 	 2.8 	 10.5 

	

+20 	" 	 3.0 

	

+28 	H 	 2.1 

	

+35 	" 	 2..2 
7.4 

	

+48 	0 	 1.6 

	

+65 	" 	 1.5 

	

+100 	" 	 1.4 

	

+150 	" 	 1.0 	
4.6 

	

+200 	" 	 0,9 

	

+325 	" 	' 	 1.3 

	

-325 	" 	 1,5 	 1.5 

	

Total 	 100,0 	 100.0 

Grinding  and Classification 

Early in the investigation it was realized that, to prevent over-
grinding, rod milting in closed circuit with a screen was necessary, and 
that at the grind (-65m) needed to liberate the scheelite, aIDSH screen was 
the only practical one available, 

Mr. Ross proposed in his report(4)  that to prevent over-dilution 
of the sulphide flotation feed, two stages of cycloning be incorporated with 
the DSM screen in the classification of the rod mill discharge. However, 
early in the pilot plant investigation, it was found that 1  when the pulp 
density in the rod mill was maintained at or near 72% solids, the rod mill 
discharge could be diluted and pumped directly over the DSM screen without 
adversely affecting the density of the flotation feed. This procedure, 
which was followed throughout the investigation, obviated the need for a 
dewatering cyclone in the grinding and classification circuit. 



d

During the pilot plant, tests either a 0.35 mm or a- 0.5 mm DS14 .
screen tras used with, the fox•rnâx gx,ving a betteir }.rxoduci;.for flotat3.on by,
reducing to a minimum the amount, of çcii'txsa sulphïderB . At a- rod mi1.l feed
rate of 600 lb/lvr,.3.t was nQceseary t4b1ôçk off . a. portion of the sc^reez^,:.
surface, of the 0.5 nmi soreen' ûs:^ng, p^:y,^rood inscrtis s^n.ae. the Mil scx©cin.' :
appoakod to opdr&-te ai: its best u&^ thc pcxeen dock was flooded with pu1p.
This modification of the sçreen ,decl^".t-ras not neçe^sa,z;ywhoin the 0.35 mm
screeri"w'as used. ,

The nonab^.ix^din:g ckia,a^^,c^tèx~i^tiçc c1aimQd by 'th e: manufâ:cturors of
the 600 axDSI4 screen were riot re.à;13,zçd i.,n. ôpe:râtiân under' the conditions

each hour^_,;,réduced the, bli.nding but ,did not e7:iminc.té it.
of this investigation. Reversal, of,tho pulp flow, as froquently as twrico

.,.;xhroughout the pilot plant invéntiga:t3.on,^ thè crushéd are wâ.u;
drawn froPixt ho storage bin by a Iiàrdingc.:cdnstdnt»weight feeder dis- .:. .
charging;:ât the rate . of 600 1.b/hir . to a 30 in. , x 48 in. rod mi11. Thid''mi1.1,

.ofoperating:=at.a specd of 39 rpzri^ and having no liners carried a rod charge
betwéen 1000 ând 1100 xb of 44 3.n.. ;H.C.' rods hâving k. m;axi:m.um diameter of
2^ in. and o, min3.mtiun diameter of 7/8 in. A stâridard l2 in. DSM screen frame'
was moun:ted:, above the feed, end of the xod mill. The d3 schârge , diluted to
about_ 45f'^ sol.ids, was raised by a. buclcét elevator to the feed box of this
screen. '.;T.he screen underfxow was fed by gravity to a sulphide flotation
conditioner with the oversize dropping.directly into the feed scoop of the
rod m3.1.1..

A` satisfactory feed for sylphide f1otation s•,ras, produced by main-
taining pulp densities in the ranges shown in the following table.

TABLE 2

Grinding Circuit Pu1.R Dénsities

Rod mill discharge:
Feed to DSN screen
DSM screexi o ls3.ze
DM screen ulflow

69-74%,' solids
41.•-45% n
73-•77 f It ,
32..36% '1

Screen tests typical of thé grinding circuit products are shos-m
in Tables 3. and 4. These were obtained by arreraging the results. of screen
tests.made during two phases of' the pilot plant investigatiôn, one with
the 0.5 nnn DSM screen in the circuit, the other using the 0.35 mm screen.

6

.
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TABLE 3 

Screen Tests on Grinding Circuit ProdUcts 
using 0.5 nmIDSM Screen 

	

----------- 	------- 
Rod Mill Discharge 	DSM Otaize 	DSM Ulflut 

	

Mesh 	 et eo 	 o 	 Q o 	 % 	% 

	

Size 	 10 
Retained 	Passing 	Retained 	PnmieL..„_11.:biel  Passing  

+48 mesh ' 	14.4 	85.6 	43.2 	56.8 	4.6 	95.4 

+65 	" 	13.0 	72.6 	20,7 	36.1 	9.4 	86.0 

+100 	8 	14.4 	58.2 	13.1 	23.0 	13.8 	72.2 

+150 	8 	11.3 	46.9 	6.2 	16.8 	12.5 	59.7 

+200 	" 	 9.8 	37.1 	3.6 	13.2 	11.2 	48.5 

+325 	" 	14.0 	23.1 	5.8 	7.4 	16.9 	31.6 

-325 	" 	23.1 	- 	7.4 	- 	31.6 	- 

Total 	100.0 	- 	100.0 	- 	100.0 	- 

TABLE 4 

Screen Tests on Grinding Circuit Products 
using 0.35 mmllell Screen 

	

Rod Mill Discharge 	DSM Otsize 	BSI' Ulflow Mesh 
Size  

Retained 	Passing.  Retained 	Passing 	Retained 	Passing 

	

+48 	mesh 	15.3 	84.7 	34.3 	65.7 	1.8 	98.2 

	

+65 	It 	15.3 	69.4 	28.2 	37.5 	6.8 	91.4 

	

+100 	" 	16.1 	53.3 	20.4 	17.1 	12.3 	79.1 

	

+150 	8 	11.5 	41.8 	7.8 	9.3 	12.7 	66.4 

	

+200 	" 	8.4 	33.4 	3.0 	6.3 	108 	55.6 

	

+325 	" 	10.5 	22.9 	2.9 	3.4 	15.5 	40.1 

	

-325 	" 	22,9 	- 	3.4 	- 	40.1 	- 

	

Total 	100.0 	- 	100.0 	- 	100.0 	- 
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Ba lier  investigations indicated that agrineefA5%•-200M:Weed 

be necessary to liberate the seheelite. HoWever; in;:this pilot plant 
investigation., satisfactory liberationln  the.  feed to nephide flotation 
was achieved at 55.6% -..200Mwith the 0.35 MmIàSM ecreeil 4 the  circuit.
When the 0.5 mm screen was,used the.flotatien feed at 48.5%--200m Was toe . 	 , 

coat7be for geed sulphideelimination. 

Bulk Sulphide Flotation 
• • 	 ■ 

The DSM screen.  underflOw-was.fed  bÿ  gravitY appreximato1eH34% 
. solids to a 24 in. : X .36 in.  Denver  conditioner Whero•sampled reprepentatiye 
of the mill head were taken.: The  folleving is .typioal of the results which- . 	. 
were obtained. 

Element 	 Per Cent- • 

Tungsten trioxide (NO3) 	2.39 - 
Sulphur (Total S) 	- 	15 •05 
6opper (Cu) 	 0.41 
Bismuth (Di) 	 0.08 ' 

' 	Phosphorus (P) 	 0.06 
. 	Iron (Soluble Fe) 	 '24.30 
Molybdenum (Mo) 	 -0.03- 

The conditioned pulp was fed to ten No. 7 Demme SubA flotation cells from 
which a rougher concentrate was floated and pumped to four No. 7 cells for 
one stage of cleaning. A small conditioner having a capacity of 1.5  ou  ft 
was placed at the head of the sulphide cleaner circuit in order to reduce , 

 surging in that circuit caused by an overeze centrifugal pump handling the 
sulphide rougher concentrate. 

The flotation of the pyrrhotite and chalcopyrite in a bulk sulphide 
concentrate did not present any unusual problems.  The  single stage cleaning 
resulted in the loss of about 3% of the scheelite in the bulked concentrate., 
With two or possibly three stages of cleaning this scheelite loss might be 
reduced. While the total recovery of sulphides was about 9e, it ic 
possible that considerable improvement might be expected with fresh un-
oxidized ore. The possibility of striking a balance between virtual 
elimination of the sulphides by flotation and possible increased scheelite 
losses must be considered. 



During the sulphide flotation the reagent consumption which was 
Slightly higher than anticipated remained relatively constant throughout the 
pilot plant test. Initially, Aerofloat 25 was used as the sulphide promoter 
but it resulted in a,  heavy unmanageable froth in which a large scheelite 
less occurred. Potassium amyl xanthate was substituted for the Aerofloat 25 
and used througheut the remainder of the investigation, although  some  
Aerofloat 25 was'used in the final two rougher cells. Staged additions of 
copper sulphate and potassium amyl xanthate were made about half way through 
the roughsr circuit to stimulate the recovery of slow floating sulphides. 
When this was done, less of these reagents was fed at the head of the 
circuit. Sodium silicate was added to No. 1 cleaner cell to provide a slightly 
more brittle froth thereby rejecting trapped scheelite grains. 

The following table shows the reagents which were used in the 
sulphide flotation circuit. 

TABLE 6 

Reagents Used in Bulk Sulphide Flotation 

Reagent 	lb/ton 	Point of Addition Ore 
	------------ 

Copper sulphate 	- 	0.9 	Rod mill feed 
Potassium amyl xanthate 	0.3 	Conditioner 
Aerofroth No. 70 	0.05 	No. 1 rougher cell 
Copper sulphate 	0.4 	No. 5 	" 	It 
Potassium amyl xanthate 	0.1 	No. 6 	" 	ti 
Aerofloat 25* 	 0.02 	No. 8 	" 	It 

- Sodium silicate 	0.03 	No. 1 cleaner cell 
MI..................•••••■•••■••■••■••.1. 	  

Rougher circuit pH 	6.7 to 6.9 at 50°F 
----..-------------- 

* Used as a scavenger to recover residual sulphides. 

An examination of the sulphide flotation tailing indicated that 
the largest (+48m) and the finest (slime) sulphide particles tended to 
resist flotation. By replacing the 0.5 mm DSM screen in the grinding 
circuit with the 0.35 mm DSM screen, which reduced the proportion of +48m 
material going to sulphide flotation, a higher sulphide recovery was 
obtained. The ore contained limonite, due probably to pyrrhotite oxidation. 
This material became slimed during grinding along with partially oxidized 
pyrrhotite and this finely-divided material did not lend itself to recovery 
by flotation. 



_  
. 	Thé fellowingtab1e_showà,10Ypical screen test  •.on :a.sUlPhidefle: 
tation biiIing- ebtained:When a 0.35:mniDSH'screen .was used in the grinding 
-eirçuit. 

TABLE 7 

Sczeett. Tai.Lità.4 

1. 	Mesh 	 Weight 
Size 	% Retained 

+48 mesh 	 3.1 
+65 	" 	 10.0 

+100 	" 	 15.6 
+150 	u 	 14.5 
+200 	It 	 12.0 
+325 	u 	 15.5 
-325 	" 	 29.3 

Total 	 100.0 

Although there was reasonably good agreement betveen the assayed 
and the calculated head throughout the pilot plant investigation, in virtu-
ally every test the  assayed head wus lower. This was probably due to the 
difficulty experienced in sampling the long and complex circuit. For 
purposes of calculating metallurgical balances the calculated  had 'was  used. 

The following sulphide metallurgical balance is typical of the 
results which were obtained in this phase of the operation. The figures 
shown in Table 8 were taken from Test 19 in which an excellent overall 
metallurgical balance was obtained, The sulphide elimination in this test, 
however ,  was slightly lower than that obtained in other tests. 

_TAÉLE.8 	 . 

- 

	

weight 	Analyses % * 	Distribution e. 
Product % 	1 03 	S 	Cu. 	W03 	S 	Cu

•Sulphide cl cone 	39.61 	0.21 	33.36 	1.15 • 3.9 	87.6 	92.6 
." 	rougher tail 	60.4 	3.88 	3.09 	0.06 	96.1 	12.4 	7.4 

Head (calcd) 	 100.0 	2.43 	15.08 	0.49 	100.0 	100.0 	109.0 

Head (assayed) 	 2.26 	14.31 	0.45 	. 

* From Internal Report  11S.AC.62.391. 



Copper Flotation 

The bulked sulphide cleaner concentrate flowed by gravity to a 
small Denver conditioner for treatment with sodium cyanide and lime to a 
PI' of 9.7. It was then pumped, at about 35% solids, to a bank of No. 5 
Denver  celle for flotation of a rougher copper concentrate which was 
cleaned three times. Since a minimum of attention was given to the 
copper circuit which was operated for only two or three days, the optimum 
conditions for recovery and concentrate grade were not determined. Although 
the copper recovery was only 70ei, further work on a plant scale will pro. 
belly effect al marked increase. 

The reagents used in the copper circuit based on the ,initiai mill 
feed were as follows: 

TABLE 9 

Emeents  

Reagent 	lb/ton Ore J 	Point of Addition 	------------- 

Lime (CaO) 	 0.2 	conditioner-. 
Sodium cyanide 	0.1 	 0 	. 
Aerofroth No. 7 	0.03 	end of rougher  celle  
Sodium silicate 	0.03 	cleaner circuit 
Sodium cyanide 	0.03 	 nr, 	it 
Rougher circuit pH 	 9.6-9.8 at 54°F. 

The copper concentrate, although finely divided, was not slimy and 
filtered readily. The following table shows a typical screen test on a 
final copper concentrate. 

TABLE 10 

o2L.1.__Capper  Concentrate  

	

Mesh 	 Weight 

	

Size 	 % Retained 

+100 mesh 	 0.3 
+150 	le 	 0,8 
+200 	il 	 1.1 
+325 	" 	 6.8 
-325 	" 	 91.0 

- 
Total 	 100.0 



averaged 0.10 oz'Au/tnft. . I averaged 15.10 oz'Au/tnft. . I 

Ihe-final copper. Concentrate , produced each day was  of  telatiVely' 
o low .grade o laving an analysie of about l6 Cu. The'gold in.this Condentrate 

eUSt before abandoning the coppereircuit, about 10. lb of:a-final . 
cencentrateeis made after .  repeated Cleaning. , Icomplete 
seen in the f011owing table. It ié iforth:hoting that the gold content Of 
this concentrate was reduced. This'is podsibly due to the, depressing effect 
o' the  gold of the additional lime useein 'ill° recleaning stages.' 

. 	„ 
'TABL“1 • 

-  Analysis . ef a FinaI:Ëecleaned Capper Concentrate  

Element 	 - Analysis * 

Copper (Cu); 	 27.34 percent 
Tundsten trioxide (I103 ) 	,0.10 	" 	" 	- 
Sulphur (Total S) 	, 34.24 	" - 	" 

• Bismuth. (Bi) 0.16 	° 
Arsenic (As) 	 0.03 	" 	" 

' 	MelybdenuM (Mo) 	 0.003 0: 	" 
Insoluble 	 0.68 ." 
Gold (AU) 	 0.06 0z/ton- 
Silver  (Ag) 	 ' 	0.86 	," 

* From Internal Report 14S-AC-62-471. 
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Sizin:  and Gravity Concentration 

Initially, both single and double cycloning were used in an 
attempt to remave the .325m material from the flotation tailing before 
tabling. A wide range of pulp densities and pressures were tried but the 
pUlp flow:was too small for the available pumps. The results of screen. 
teetsbn the products from single and double stage cyclone classifications 
are:sbewn  in. Tables 12 and 13 . The daily results varied widely and the 
àamples selected, although never reproduced, were the best obtained. 

• 
Howeveri before introducing other methods of classification 

(Le. screening, desliming),ieveral table concentration tests were com« 
pleted using single-stage cycloning. To  avoid confusion these gravity 
circuit modifications, of.which there were seven, will be described in 
chronological order. 

TABLE 12 

Screen Tests Showing the Results of Single-Stage .Cycloning  

	

----------------- 	 - 	-----------------, 
Sulphide Flot Tail 	Cyclone Olflow 	Spigot Discharge 

-:14esh 
Size  

Retained 	Passing 	Retained 	Passing 	Retained 	Passing 

448 mesh 	3.6 	96.4 	. 	_ 	5.1 	94.9 

	

+65 	" 	9.3 	87.1 	- 	100.0 	11.2 	83.7 

	

+100 	" 	13.5 	73.6 	0.2 	99.8 	14.2 	69.5 

	

+150 	" 	11.9 	61.7 	0.5 	99.3 	12.6 	56.9 

	

+200 	" 	10.0 	51.7 	1.0 	98.2 	10.7 	46.2 

	

+325 	" 	14,0 	37.7 	5.1 	93.2 	15.2 	31.0 

	

-325 	" 	37.7 	. 	93.2 	- 	31.0 	- 

• 
Total 	100.0 	 100.0 	. 	100.0 	. 



TABLE 13 

Screen Tests Showing the Results of Double-Stage Cycloning 

- 

	

Sulphide Flot 	}Fo.1 Cyclone 	T 	 Nb. 2 Cyclone  
Mbsh 	 Tail 	 Otflow 	1 	Spigot Discharge 	Otflow 	 Spigot Discharge 
Size ro 	7, 	7. 	cr - - - 	W 	i 	5 	% 	' 	% 	% 	5 Retained 	Passing Retained Passing 	Retained" Passing Retained 	Passing Retained 	Passing .. 

+48 mesh 	2.8 	97.2 	- 	- 	5.4 	94.6 	 4.8 	95.2 

	

+65 	" 	8,4 	88.8 	 100.0 	10.2 	84.4 	 100.0 	11.2 	84.0 

	

+100 	" 	14.4 	74.4 	0.4 	99.6 	11.6 	I 	72.8 	0.4 	99,6 	17.6 	66.4 

	

+15Q 	tt 	13.2 	61.2 	0.2 	99.4 	11.4 	61.4 	0.4 	99. 2: 	16.6 	49.8 

	

+200 	" 	7.0 	54.2 	0.2 	99.2 	11.0 	50.4 	0.2 	9910 	12.6 	37.2 

	

+325 	" 	14.2 	40.0 	0.2 	99.0 	18.4 	32.0 	0.8 	98.2 	18.2 	19.0 - 

	

-325 	" 	40.0 	 99.0 	- 	32.0 	 98.2 	 19.0 

	

Total 	100,0 	- 	100.0 	 100.0 	 100.0 	 100.0 
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(a) Circuit Modification 1 

In this test, illustrated by the gravity concentration flowsheet 
in Figure 1 1  the 0.5 mm DSM screen with its area) reduced to 5.25 in. using . 
plywood inserts was in operation in the grinding circuit. 

The sulphide flotation tailing was pumped to single-stage cyclone 
classification with the cyclone overflow going to a settling cone for eventual 
scheelite flotation. The spigot discharge from the cyclone was  tabled on a 
full-size Wilfley table from which a slime tailing was removed by setting and 
frequently checking the position of a splitter along the tailing edge of the 
table. This tailing was pumped to the thickening cone. A rougher scheelite 
concentrate was removed and retained for cleaning .  The table middling was 
pumped to a Sweco separator equipped with a 100m screen. The 4.100m  fraction 
was tabled on a small laboratory  Dois ter  table with the concentrate joining 
the original Nilfley table concentrate and the tailing going to waste.. The 
-100m fraction was tabled on a 47 deck Mane table with the concentrate from 
,this table,joining the first two concentrates, A. sand tailing from this 
table was discarded and a slime tailing mas pumped to the settling cone. 

Table 14 shows -a metallurgical balance for this test based on 
weights and assays rather than on assays only. Table 15 summarizes resulté 
of screen tests on the mill products. 

TABLE 14 

Mqtallurgical Balance - Modification 1 

Weight 	Analyses %t 	Distn %  Product 
, 	 _. 
Sulphide cl cone (1) 	 29.3 	0.27 	3,4 
Cyclone offlow (2) 	 8.6 	2.89 	10.7 
Wilfley table conc (3) 	 8.9 	17.60 	67.8 

" 	tail (slime)(4) 	3,5 	2.96 	4.5 
Deister 	" 	cone (5) 	 0.3 	1.44 	0.2 It 	" 	tail (6) 	 23.6 	0.22 	2.2 

t deck Wilfley table conc (7) 	4,2 	2.36 	4.3 

.1 
 U  il t! tail (sand)(8) 18.6 0.50 4.0 

It li ii " (slime)(9) 3.0 2,24 2.9 

Head (calcd) 100.0 2.31 100.0 

From Internal Report MS-AC-62-330. 
Summary of Metallurgical Balance 

Gravity cone (3 4. 5 4- 7) 	 13.4 	12.46 	72.3 
Scheelite flot feed (2 4- 4 4. 9) 	15.1 	2.78 	18.1 
Circuit tail (1 4- 6 4. 8) 	71.5 	0,31 	9.6 

Head (calcd) 	 100.0 	2.31 	100.0 
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TABLE 15

Screen Tests on Gravi Concentration Circuit - Modification 1

•
Sulphido Flot

Tail Cyclone Off1ow

•-^----..,..f....-

Spigot D3.scharge
Mesh
Size 1 % % I %

Retained Passing Retained Passing Retained Passing

+48 mesh 2.4 97.8 - ..

.._.__._._^
3.8 96.2

+65 " 7.2 90.4 100.0 10.3 85.9
+100 " 11.3 79.1 0.2 99.8 15*4 70.5
+150 " 12.2 66.9 0.2 99.6 13.6 56.9
+200 11,2 55.7 0.1 99.5 12.2 44.7
+325 16.8 38.9 0.3 99.2 16.8 27.9
.325 " 3819 - 99.2 - 27.9 -

Total 100.0 - 100.0 .. 10010

TABLE 15 ( cont ,d )

Wi?f].ey Midd Wilfley Tai1 Deister Tail
Mesh
Size ^ 4 0 71, O O

Retained Passing Retained Passing Retained Passing

+48 mesh 2.8 97.2 1.2 98.8 7.0 93.0
+65 " 10.0 87.2 3.3 95.5 22.4 70.6

+100 71.4 3.2 92.3 37.8 32.8
+150 15.6 55.8 1.4 90.9 25.6 7.2
+200 " 14.6 41.2 0.9 90.0 4.6 2.6
+325 20.0 21.2 2.6 87.4 1.0 1.6
-325 " 21.2 - 87.4 - 1.6 -

Total 100.0 - 100.0 - 100.0 -



16 r. 

(h) Circuit  Modification  2 

In thié teetilltiStrated by,the flowsheet in Figure 2 9  .the 47deck 
Nilfley table was'replaced by a deek Holster table,tetteat the 400m .› 
material from the Swece separator, The +100m material:Was discarded. The 
Deister. slime tailing was pumped - to -the settling coneand the,cencentrate was 
retained for cleaning. Themiddlingfrom thol?eiete0able'was ireated , on a. 

.47 deck NilfleY table from which - the - slime and sand;tailing was pumped to . 
waste and a. concentrate waeremoved for cleaning. 	• _ 

metallurgical balance is shewt_in ..13.1W16.. It willle:lipted 
that the'recovery of scheelite.was'verybighln;thWteSt:with acsorrea'r 
ponding decrease in the- Percentage going.to scheciliie.flotation. The 
results Of sereeh tests on some of the mill products are summar#ed in ,  
Table 17. 	 • 	I 	- 	 - 

Metallurgical Balance - Modification 2 

Product 	 Height 	.Analyses:% 	Distn e .  
% 	. 	NO3 	 NO3 

Sulphide cl cone (1) 	 . 36.8 	• 0.17 	 2.0 
Cyclone offlow(2) 	 7.5 	3-.08 	 ,M 
'Finney table cone (3) 	 - 4.4 	47.23 	67.7 • 

" 	" 	tail (élime)(4) 	6.7 	.1.48 	 3.2 
Sweeo eeparator 4100m (6) 	28.6 	0.39 	. 	.3.6 .  
*deck Deister table cone (6) 	1.0 	36.80 	:12.0 	• n 	11 	" 	tail (7) 	,2.7 	. 0.80 	 M - 

1 ■ 5 

	

" 	tail 	
:0.8 	.5.60 	

. 	. 

I 	
" 	Wilfley table cone (8) 
II 	Il 

(sand 4 slime) (9) 	11.5 	:0.49 	 1.0 

Head 	caled) 	 100.0 	3,06 	100.0 

ir From  Interna].  Report  1 S-AC-62 -334. 

Summary of Metallurgical  Balance 

Gravity cone (3 4- 6 + 6) 	 6 .2 	40,01' 	81.2 
Seheelite flot feed (2  +4 4 7) 	16.9 	2.08 	11.4 
Circuit tail (1 4- 5 + 9) 	76.9 	0.30 	 7.4 

Head (caled) 	 100.0 	3.06 	100.0 
0 	(assayed 	 2.13 	 - 
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TABLE 17 

Screen lets - on Gravity  Concentration  Circuit - Modieication 2 

	

Sulphide Flot 	Cyclone Spigot 	Sweco Separator 	Sweco Separator 	i-deck Deister 
Mesh 	Tail 	 Discharge 	 +100m 	 -100m 	 Midd 

e 	e 
Jo 	

e 
/0 	 i0 	 /0 

Retained--  Passing 	Retained 	Passing 	Retained 	Passing 	Retained 	Passing Ret2i ,, ed 	Passing 

+48 mesh 	5.6 	94.4 	7,2 	92.8 	11.2 	88.8 	- 	- 	0.3 	99.7 

	

+65 	n 	10.3 	84.1 	12.6 	80.2 	23.7 	65.1 	 100.0 	0.6 	99.1 

	

+100 	n 	14.3 	69.8 	14.7 	65.5 	33.7 	31.4 	0.2 	99.8 	0.8 	98.3 
- 

	

+150 	" 	12.3 	57.5 	- 12.4 	53.1 	24.0 	7.4 	7.7 	92.1 	10.1 	88.2 ,. 

	

+200 	n 	10.2 	47.3 	i0.4 	42,7 	5.1 	2.3 	20.6 	71.5 	23.9 	64.3 

	

4325 	" 	14.0 	33.3 	15.3 	21.4 	1.3 	1.0 	34.6 	36.9 	33.8 	, 	30.5 

	

-325 	" 	33.3 	 27.4 	_ 	1.0 	- 	36.9 	 30.5 	- 

.- 

Total 	100.0 	- 	pb.o 	_ 	100.0 	- 	100.0 	_ 	100.0 	_ 
' 
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(c) Circuit  Modification 3 

The flowsheet used in this test was identical to that shown in 
Figure 2 with the exception that an 80m screen replaced the 130m screen on 
the Sweco separator and the +deck Wilfley table slime tailing was assayed 
separately and pumped to the settling cone. 

TABLE 18 

ntalluEgical  Balance - Modification 3  

Product 	 Weight 	Analyses 	Distn % 
d 
10 	 1103 	liOâ 

	 ------------- 	  

Sulphide cl cone (1) 	 34.1 	0.31 	4,0 
Cyclone olflow (2) 	 7.8 	2.96 	 8.8 
Wilfley table cone (3) 	 3.5 	40.00 	53.2 

11 	" 	tail (4) 	 3.5 	2.71 	 3.6 
Sweco separator +80m (5) 	 15.5 	0,45 	 2.6 
-rdeck Deister table cone (6) 	1.1 	34.88 	14.6 
.1. 	0 	it 	" 	tail (7) 	7.1 	0.73 	 2.0 
'1,: 	" 	Wilfley 	" 	cone (8) 	3.2 	5.30 	 6.4 
4. 	 ,, 	 I, 	 " 	tail 

	

(sand) (9) 	 22.9 	0.47 	4.2 
.-.. 	" 	Wilfley table tail 

(slime) 	(10) 	 1.3 	1.16 	 0.6 

Head (calcd) 	 100.0 	2.63 	100.0 

* From Internal Report M3-AC-62-368. 

Summary of Metallurgical Balance  

Gravity conc (3 + 6 + 8) 	 7.8 	25.04 	74.2 
Scheelite flot (2 + 4 + 7 + 10) 	19.7 	1.98 	15.0 
Tailing 	(1 + 5 + 9) 	 72.5 	0.39 	10.8 

Head (calcd) 	 100.0 	2.63 	100.0 

" 	(assayed) 	 - 	2.24 	 - 



TABLE 19

Screen Tests on Gravity C oncentration Circuit - Modification 3

Sulphide Flot ftecô Separator SkTeco Separator deck Deister

IIesh. Tail +80m .St?sâ Kidd

Size

Retained Passing Ret"d aassi.i3g Retained Passing Retained Passing-

+48 mesh 4.4 95.6 .15.3 84.7 100.0
+65 10.0 85.6 38.4 ^ 46.3 100.0 0.5 99.5

+100 " 13.2 72.4 35.3 11.0 10.8 89.2 10.5 - 89.0
+150 " 12.3 60.1 . 8.0,., 3.0 18.8. 70.4 18.0 71.0
+200 " 10.7 49.4 1.5 . 1.5 16.8 53.6 17.6 53.4
+325 15.0 34.4 0.7.. 0.8 24.0 .. 29.6 25.8 27.6
-325 " 34.4 - 0.8 29.6 - 27.6 -

Total 100.0 - 100.0 - 100.0 - 100.0
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(d) Circuit Modification  4 

During this test the cyclone was removed from  the circuit, and the 
sulphide rougher tailing went directly to the large  Talfley table. The 
Sweco Separator was equipped with an 80m screen and the *deck Milfley table 
slimp . was pumped to a settling cone. In all other respects, the flowsheet 
for this test remained as shown in Figure 2. 

TABLE 20 

Metallurgical Balance - Modification 4 

e t 	
. 

Weight 	Analyses 70 	Distn % 
Product 

% 	 NO3 	 NO3 
- 	 --- 	  
Sulphide cl conc (1) 	 36.5 	0.14 	 1.9 
Wilfley table cone (2) 	 4.6 	39.60 	 67.1 . 

It 	0 	tail (3) 	 15.6 	2.18 	 12.5 
-Sweco separator +80m (4) 	 15.1 	0.32 	 1.8 
1- decic Deister table conc (5) 2 	 1.0 	25.20 	 9.3 

It 	tt UI 	 " 	tail (6) 	3.2 	1.31 	 1.5 
+ 	" 	Wilfley 	" 	conc (7) 	3.5 	1.92 	 2.5 
4 	II 	u 	" 	tail 

(sand) (8) 	 15.4 	0.44 . 	 2.5 
* 	" 	Nilfley table tail 

	

(slime) (9) 	 5.1 	0.48 	 0.9 

	

Head (calcd) 	 100.0 	2.71 	 100.0 

From Internal Report MS-AC-62-368. 

Summary of Metallurgical Balance  

Gravity cone (2 + 5 + 7) 	 9.1 	21.20 	 78.9 
Scheelite flot feed (3 + 6 + 9) 	23.9 	1.70 	 14.9 
Circuit tail (1 + 4 + 8) 	 67.0 	0,25 	 6.2 

Head (calcd) 	 100.0 	2.71 	 100.0 

" 	(assayed) 	 - 	2.18 	 - 



TABLE 21 

Screen Tests on Gravity Concentration Circuit - Modification 4 

	

Sulphide Flot 	Sweco Separator 	Sweco •Separator .-- deck. Deister 
• 	 Mesh 	 Tail 	 +80m 	 -80m 	 Midd 

	

Size 	e 	e 	 e e 	e 
/0 	 /3 

Retained 	Passin, 	Retained 	Passing 	Retained 	Passing Retained 	Passing 

+48 mash 	5.6 	94.4 • 15.4 	84.6 	- 	 100.0 
4, 65 	" 	11.0 	83.4 	36.0 	48.6 	- 	100.0 	0.4 	99.6 

i =100 	" 	15.0 	68.4 	37.3 	11.3 	9.0 	91.0 	10.3 	89.3 
1  =150 	" 	13. 2 	55.2 	8.1 	3.2 	18.1 	72.9 	20.8 	68.5 , 

1 +200 	" 	10.5 	44.7 	1.6 	1.6 	18.0 	54.9 	18.5 	50.0 
1 +325 	" 	14.3 	30.4 	1.1 	0.5 	27.3 	27.6 	26.2 	23.8 
1 -325 	" 	30.4 	 0.5 	- 	27.6 	- 	23.8 

1 	  
1 	Total 	100.0 	 100.0 	- 	[100.0 	 100.0 	- 
I 	  
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(o) Circuit Modification 5 

In this test the grinding circuit uan altered by substituting a 
0.35 mm DSH screen, vithout plywood inserts, for tho masked 0.5 mm screen 
used previously. 

Figure 3  shows  the gravity concentration circuit for this modifi-
cation. As in the previous test, no cyclone classification was used, and the 
sulphide rougher flotation tailing  iras  donlimed on the large Uilfley table 
with the slime fraction being pumped to the settling cone for scheelite 
flotation. The Suoco separator with an 80m screen  iras  retained to treat the 
Wilfley table middling. 

The +dock Wilfloy table  iras  placed ahead of the dock Doister 
table for this test in the hope that the standard riffles on the  forme
would effect better desliming than the extremely deep riffles on the latter. 

A metallurgical balance is shown in Figure 22 and the results of 
screen tests on gravity circuit products arc listed in Table 23. 

TABI.£ 22 

Metallurgical Balance -  Modification 5  - 

ù Ubight 	Analyses % 	Distn % 
Pro  duct  % 	UO3 	% 

Sulphide el conc (1) 	 34.1 	0.15 	 2.3 
Wilfley table cone (2) 	 2.9 	42.00 	55.2 

II 	" 	tail (3) 	 13.2 	2.54 	14.9 
Sweco separator  • 80m (4) 	 12.7 	0.24 	 1.4 
17deck Uilfley table cone (5) 	0.4 	18.32 	 3.2 

w I 	n 	n 	". 	tail (6) 	24.3 	0.89 	 9.6 
J2- 	" 	Deistor 	" 	cone (7) 	1.5 	16.20 	10.8 
.J_ 	n 	n 	" 	tail (sand)(8) 	10,3 	0.45 	 2.1 2 
I 	ti 	n 	in 	n 
2 

(slime) (9) 	 0.6 	2.12 	 0.5 
---- 

Head (calcd) 	 100.0 	2.25 	100.0 

'1  From Internal Report MS-AC- G2..388. 

 Sununary of Metallurgical Balance 

Gravity cone (2 + 5  • 	7) 	 4.8 	32.45 	69.2 
Schoelite flot feed (3  • 	G + 9) 	30.1 	1.48 	25.0 
Circuit tail 	(1 4. 4 -1' 8 ) 	 57.1 	J 	0.22 	 5.8 

Head (calcd) 	 100.0 	2.25 	100.0 

" 	(assayed) 	 - 	1.92 	 - 
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TABLE 23 

Screenlests an Gravity Concentration Circuit - Modification 5 

Sulphide Flot 	Wilfley Table 	Sweco Separator 	Sweco Separator 

	

Mesh 	 Tail 	 Midd 	 +80m 	 -80m 

	

Size 	% 	% 	e 	
/0 	

‹ 10 	% 	e 	,- 
Retained 	Passing 	Retained 	Passing 	Retained 	Passing 	Retained 	Passing 

+48 mesh 	2.0 	98.0 	1.4 	98.6 	5.6 	91.4 	- 	100.0 

	

.e^ 	n 

	

rUD 	 8.6 	89.4 	7.4 	91.2 	30.4 	64.0 	0.2 	99.8 

	

+100 	" 	15.8 	73.6 	15.2 	76.0 	46.8 	17.2 	6.4 	93.1  

	

+150 	n 	14.5 	59.1 	15.8 	60.2 	10.0 	7.2 	16.8 	76.6 

	

+200 	" 	10.8 	43.3 	15.0 	45.2 	5.1 	2.1 	18.5 	58.1 

	

+325 	" 	14.2 	34.1 	20.6 	24.6 	1.8 	0.3 	27.4 	30.7 

	

-325 	" 	34.1 	- 	24.6 	- 	0.3 	- 	30.7 	- 

Total 	100.0 	- 	100.0 	- 	100.0 	- 	100.0 	- 
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.(f) ,  Circuit ModificatiOn 6'  

• 	The only  change. in  this circuit was the replacement of the 80M 
screen on the:Sweco separator witha 100Mecreen. In ,a11 other  respecta 

 .this.  test Was identical to the preVidus-téSt Shown in  Figure  3.  An  atteMpt 
was made to recover a. higher ,  proportion of the scheelite 	gravity . con- 
centrate at a.  sacrifice in the grade. 	 ' 

.-- 	-. 

	

Weight 	Analysés 	'Distii:  
ProdUct 	WO3 

, 	  
SillPiede el cone (1) 	 , 37.0 . 	10 .31 	, 5.2. 

, Wilfley table cone (2) 	 1.6 	18.00 	62.0' 
." 	. 	" 	tail '(3), - 	 12.1 	2.80 : 	15.5 

Sweep separato . 4.10dmi(4) 	'14.6 - 	0.20 	1.3 
+deck Wilfley table cone (5). 	2.2 	.3 -.04 	3 .1 	' 
4- 	" 	 " 	 . " 	 tail (6) - 	 7.7 	2.13 	7.4 

" 	Deister 	" 	"-cone (7) 	1.3 	3.12 	1.8 
* 	it 	' 	0 	"' 	tail 	

, 

(sand) (8) 	 12.2 	0.33 	1.8 
.- deck. Deister table tail 

(slime) (9) 	 5.3 	0.80 	1.9 
. 	 , 

Head (calcd) 	 100.0 	2.20 	100.0 

* From  Internal Report 1 S .-AC.42-391, 

Summary of Metallurgical Balance 	• 

Gravity.cono (2 +. 5 +.7) 	 11.1 	13.29. 	66.9 1  
Seheelite flot feed (3 4.  6+  9 ) 	25.1 	2 .17 . 	24.8. 
.Circuittail (1 4. 4 4. 8) 	 ,63.8 	0.29 	8.3. 

Head (calce 	 100.0 	2.20 	100.0: 

* 	(assayed) 	 - 	2.00 	- 



TABLE 25 

Screen Tests on Gravity Concentration Circuit - Modification-6  

II 

	

Sulphide Flot 	Spreco Separator 	7-4-. deck IiiiIfley- 
Mesh 	 Tail 	 -100m 	 ' 	Eidd 
Size  

Retained Passing 	Retained 	Passing 	Retained 	Passing 

+48 mesh 	0.6 	99.4 	- 	- 	- 	100.0 

	

+65 	": 	2.5 	96.9 	- 	- 	0.1 ' 	99.9 

	

+100 	" 	 5,6 	91.3 	- 	100.0 	0.3 	99.6 

	

+150 	" 	 8.4 	82.9 	-8.8 	91.2 	10.4 	89.2 

	

+200 	" 	10.5 	72.4 	18.0 	73.2 	23.6 	65.6 

	

+325 	" 	18.8 	53.6 	28.4 	44.8 	36.3 	29.3 

	

-325 	" 	53.6 	- 	44.8 	- 	29.3 	- 

Total 	100.0 	..., 	100.0 	 100.0 	- 
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(g) Circuit  Modification 7 

With this test the gravity concentration circuit was stabilized and 
no further changes were made for the remainder of the pilot plant investi-
gation. Figure 4 shows the flowsheet used in this test. 	• 

While gravity concentrates of high grades and recoveries were 
obtained in the previous tests, the results which were obtained  in  this test, 
which are shown in Table 27, came close to duplicating the results anticipated 
by Mr. R.  H.  Ross in his report. 

In this test the ir dock. Deister table was a gain  interchanged with 
the *deck Wilfley table. A small laboratory Deister table was added to the 
circuit to recover a small scavenger concentrate. 

It was observed on the first Wilfley table that the upper part of 
the scheelite concentrate band was very uniform in size and, visually quite 
free of contaminants. During 14:hours of steady operation, this portion of 
the table concentrate was collected separately for weighing and analysis. 
The results summarized in Table 26 show that, by this means, 28.6% of the 
scheelite in the ore can be recovered directly as a,  "select" concentrate 
requiring no further beneficiation. 

TABLE 26 

Recovery of "Select" Concentrate on First Uilfley  Table  

Analyses* 	% 	 Distribution % W03 ----,,--r--i--- Weight 	 Wil.fley Product % 	W03 	S- 	p 	Bi 	Mo  	Table 	Overall  

"Select" cut 	30,0 	79.0 	0.065 	0.003 	0.01 	0.004 	50,0 	28.6 

Remainder 	70.0 	34.1 	- 	 50.0 	28.6 

Total conc 	100.0 	47.6 	- 	.1 	 mat 	 ... 	 100,0 	57.2 

From Internal Report MS.4C-62-470. 
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TABLE 27 

Metallurgical Balance  - Modification  7  

- 

Product 	
Weight 	Analyses 	Distn % 
% 

1103 	 1103 
- 

Sulphide cl cone (1) 	. 	 37.9 	0.21 	 3.5 
Wilfley table cone (2) 	 2.7 	47.60 	57,2. 

il 	" 	tail (3) 	 8.8 	2.60 	 9.6 
Sweco separator 4-100m (4) 	21.8 	0.32 	 3.1 
i. deck Deistor table cono (5) 	, 	0.6 	44.40 	11.9 

'Ï 	11 	It 	" 	tail (6) 	13.4 	1.6 	 9.5 
* 	" 	Wilfley 	" 	conc (7) 	0.7 	6.4 	 2.0 
* 	II 	il 	" 	tail (8) 	0.9 	1.66 	 0.7 
Laboratory Deister cono (9) 	0.2 	3.05 	 0.3 

H 	" 	tail (10) 	13.5 	0.36 	 2.2 

	

-------- 	------------ 

Head .(calcd) 	 100.0 	2.24 	100.0 

From Internal Report 14S-AC-62-391. 

Summary  of Metallurgical Balance 

Gravity cone (2 4 - 5 + 7 + 9) 	4.2 	38.15 	 71.4 
Scheelite flot feed (3 + 6 + 8) 	22.6 	1.97 	 19.8 
Circuit tail (1 + 4 + 10) 	73.2 	0.27 	 8.8 

Mead (calcd) 	 100.0 	2.24 	100.0 

" 	(assayed) 	 - 	2,26 	 - 
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TABLE 28 

Streen Tests on Gravity Concentration Circuit - Ebdification 7 

Sulphide Flot 	Sweco Separator 	Sweco Separator 	Nilfley Table 
Mesh 	Tail 	 +100m 	 -100m 	 Midd  
Size 	% 	e 	% 	- 	% 	%  

Retained 	Passing Retained 	Passing Retained 	Passing Retained Passing 

+48 mesh 	3.1 	96.9 	- 	, 	- 	1.11 	 2.8 	97.2 

	

+65 	" 	10.0 	86.9 	- 	- 	- 	- 	9.8 	87.4 

	

+100 	" 	14.6 	72.3 	77.2 	22.8 	- 	100.0 	16.0 	71.4 

	

+150 	n 	13.5 	58.8 	22.8 	- 	6.8 	93.2 	15.0 	56.4 

	

+200 	" 	11.0 	47.8 	- 	- 	16.5 	76.7 	12.4 	44.0 

	

+325 	" 	14.4 	33.4 	- 	- 	27.8 	48.9 	172 	26.8 

	

-325 	" 	33.4 	- 	- 	I 	- 	48.9 	- 	26.8 	- 

	

Total 	100.0 	- 	100.0 	1 	- 	100.0 	- 	100.0 	- 
1 	 I 
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Cleaning of Gravity Concentrates.  

' (a) Tabling (a) Tabling  

All the scheelite rougher table concentrates, which contained 
coarse pyrrhotite, garnet, magnetite and &variety of ferro.magnesian 
minerals, were treated in a,  cleaning operation illustrated  bÿ the flowsheet 
in Figure 5. Without blending, the wet concentrates were fed at random to 

• this cleaning circuit. Because of this lack of uniform feed, sampling was 
difficult and frequent adjustment of the tables was necessary to obtain 
maximum grade and recovery. 

Thel wet concentrates were fed by a Corn-Bin feeder to a Sweco 
separator fitted with a 50m screen. Because all available tables were in 

• use, the 460m material va. held for subsequent tabling. 

The 40m fraction was treated on &large Miley table from which 
as clean a contrats as possible was taken. The table middling and table 
tailing were combined and pumped to a Sweco separator equipped with a 100m 
screen. The +100m fraction went to a laboratory Deister table from which a 
concentrate was recovered and a tailing discarded. The 	fraction was 
treated on a deck Deister table to produce a concentrate, a slime tailing 
which was collected in the settling cone for subsequent scheelite flotation 
and a,  middling which was pumped to a *deck Nilfley table. From the latter . 

&concentrate was taken and the tailing was pumped to the settling cone. 

The metallurgical balance for the -50m ISweco separator fraction is 
shown in Table 29. For simplicity, the combined tailings from the deck 
Deister and the *deck Wilfley table are reported as scheelite flotation feed. 

On completion of the -50m tabling operation, the Sweco screen 
oversize (4.50m), very, high in sulphides, was treated on a laboratory Deister 
table. This produced a coarse concentrate containing only about 5% ImIC and 
a tailing which was held for return to the grinding circuit during clean-up 
of the mill circuit. No samples were taken during this coarse tabling 
operation. 

All table concentrates from the gravity cleaning circuit were 
dried and combined for magnetic cleaning. The inclusion of the coarse 

•(+50m), low-grade concentrate reduced the grade of the composite gravity 
concentrate to about 38% NO3 with about 5% sulphur. 



TABLE 29 

MeeplepjalBalance - Gravity, Cleanig . Cireuit 

	

Weight 	Analyses % 	Distn % p  

	

Product 	 % 	WO3 	 WO3 

Sweco separator 4-50m (1) 	20.0 	3.52 	5.7 ' 
Wilfley table cone (2) 	 12.9 	63.40 	66.4 
4, deck Deister table cone (3) 	2.8 	69.20 	15.7 
4. 	0 	Wilfley 	" 	" 	(4) 	. 	0.7 	28.20 	1.6 
Laboratory Deister table cone (5) 	0.9 	22.36 	1.6 

.11 	0 	" 	tail (6) 	11.3. 	0.57 	0.5 
Scheelite flot feed (7) 	 51.4 	2.00 	8.6 

	

Head (calcd) 	 100.0 	12.31 	100.0 

* From Internal Report MS-AC-62-468, E 9-AC-62-470. 

Summary of Metallurgical Balance  

Sweco separator (+50m) (1) 	20.0 	3.52 	6.7 
Gravity cone (2 + 3 4- 4 4.,  5) 	17.3 	60.77 	85.3 
Scheelite flot feed (7) 	 51.4 	2.00 	8.5 
Circuit tail (6) ** 	 11.3 	0.57 	0.5 

Head (calcd) 	 100.0 	12.31 	100.0 

The circuit tailing was discarded because of the small amount 
of contained scheelite. 
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(h) Me_eialreatment of Cleaner Table Concentrate 

At all stages of gravity concentration, appreciable sulphides and 
garnet were eperved in the scheelite concentrate band. Because a previous • 
investigationa) had shown that these impurities could be removed magneti-
()ally, several small-scale magnetic separation tests were made on concen-
trate samples taken during beneficiation in the gravity circuit. For dry 
tests, a Stearns high intensity magnetic separator was used; wet tests 
were done with a Jones high intensity machine. 

In dry magnetic separation tests, the sulphur in the concentrates 
froM the first 'Finney and the .r dock  Deister tables was reduced only to 
1.13% and 1.5e respectively, as shown in Tables 30 and 31. 

TABLE 30 

Stearns Magnetic %mime  of a Samele of the  
elfaulable  Concentrate  

Product 	Weight  	Analysis % 	 Distn % 
% 	W03 	S 	Bi 	P 	Mo 	W03 	S 

Cone (non-mag) 	74.7 	73.0 	1.13 	0.02 	0.022 	0.006 	98.9 	20.4 
Tail (mag) - 	25.3 	2.4 12,93 	- 	 - 	1.1 	79,6 

Head (cale) 	100,0 	55.1 	4.11 	- 	- 	- 	100.0 100.0 

TABLE 31 

Stearns Magpe.M.11211Ibuf  a Sampleof the 
Deister Table Concentrate 

Product 	Weight 	Analysis % if 	 Distn % -- 
% 

W03 	S 	II' 	P 	Mo 	W03 	s 

Cono (non-mag) 	42.6 	76.6 	1.51 	0.03 	0.041 	0.007 	95.9 	11.6 
Tail (mag) 	57.4 	2,45 8.54 	- 	 4.1 	88.4 

Head (calcd) 	100.0 	34.0 	5.54 	- 	 - 	100.0 	100,0 

* From  Internai Report 14S-AC-62-468. 
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TABLE .32 

Jones Higth IntenslI netic CleaninGoLajbme2 
. of the WilfletTable Coneentrate 

	

Weight 	 Analysesi, 	* 	Distn % 

Iutfiente 	Preuct 	5 	---=.---,:n3- e 21.----1.--1.1E::-.221-- 

10 	Cone (non-mag) 	91.2 	73.28 	0.45 	0.04 	0.01 	0.003 	35.5 
amp 	Tail (mag) 	8.8 	27.60 	6.28 	 -., 	3.5 

Head (calcd) 	100.0 	69.26 	0.96 	 10060 

15 	Cone (non-mag) 	90.2 	72.90 	0.33 	0.03 	0.004 0.004 	95,7 
amp 	Tail (mag) 	9.8 	30.20 	6.39 	- 	 4.3 

Head (calcd) 	100.0 	68.72 	0.92 	" - 	. 	 100.0 

30 	Cone (non-mag) 	89.7 	77.00 	0.27 	0.04 	0.006 0.008 	95.7 
amp 	Tail (mag) 	10.9 	90.40 	6.72 	- 	 4.3 

..,, 	  
Head (calcd) 	100.0 	72.20 	0.93 	. 	. 	100.0 	' 

* From Internal Report W-AC-62-470. 

Because the proposed plant flowsheet was based on the use of dry, 
high-intensity magnetic separation, part of the final composite gravity con-
centrate was treated on the Dings magnetic separator. In this test, dust 
losses were high and considerable scheelite appeared in the magnetic tailing. 
Treatment of another portion on the Metherill magnetic separator gave a less 
apparent loss of scheelite in the magnetics, with decreased dust losses. 

Figure 6 shows the flomsheet of w test using both separators. 
Composite gravity concentrate was passed through the Netherill separator and 
The non-magnetics produced were cleaned and re-cleaned in the Dings machine. 
As shown in Table 33, a high grade concentrate, low in impurities, was 
produced, but considerable scheelite was retained by the Dings magnetic 
fraction. 
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TABLE 33 

Nethorill and Dings High  IntensitenotilAmmtim 

..... 	_____ 
D4tn 

Weight 	 ', Analyses '7. 
Product % 	NO3 	: S 	Di 	Mo 	Cu 	'Fo3  

---------- 	. 
Dings final cone (non-mag) 	28.7 . 	,73.60 	0.10 	' 0.01 	0.008 	0.02 	, 56.6 

" 	it 	tail (mag) 	21.6 	55.20 	. 	... 	. 	: 	. 	3149 
ft. 	cl 	e 	'(mag) 	13.6 	28.93 	. 	- 	- 	- 	10.5 

Wetherill_ 	It 
(pole No. 1-mag) 	10.6 	0.87 	- 	- 	-. 	- 	0.2. 

Netherill tail 
(pole No. 2 mag) 	12.8 	1.47 	- 	- 	. 	- 	0.5 

Netherillïtail 
(pole  N.  3 mag) 	12.7 	0.76 - 	. 	 .' ., 	0..3: 

Head (=led) 	 100.0 	37.36 	- 	-- 	- 	- 	'10040. 

* From Internal Report MS,AC..62-470. 

, After discarding the Wetherill magnetic tailings-,  ail  other 
fractions were re-mixed with the unused . portion Of the composite gravity 
concentrate. All this material was then.treated.in  the Netherill separator 
adjusted té. ensure near«maximum flux density. However,,the non-magnetic 
concentrate, although of satisfactory  1103 content, stilrOontained 0.60 
sulphur. 

Té check the efficiency of this Vetherill separation; a small 
sample representative of the feed was first treated'atlow intensity,  in 
the Ball4Norton separator to remove strongly magnetic materialandthen 
in the laboratory Stearns machine at maximum intensity..'aren this 
treatment faileetoreduce the sulphur content:below  0.59%., Testdata 
are summarized in Table 34. 
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TABLE 34 

Stearns Magnetic Sgparation Test on a 
.Sal_1112_-ethernj_.Feed 

	

Weight 	Analyses % 	 Distn % 
Product , 	  % 	W03 	S 	Bi 	P 	Mo 	Cu 	W03 	S  

Cone (non-mag) 	72.7 	77.1° 	0.59 	0.01 	0.011 0.007 0.016 	97.28 	9.9 

Tail (mag) 	26.8 	5.76 14.39 	- 	. 	. 	« 	2.69 	88.7 

Magnetics (B-N) 	0.5 	3.04 12.64 	- 	- 	- 	. 	0.03 	1.4 

Head (calcd) 	100.0 	57.6 	4.35e 	- 	- 	- 	. 	100.0 	100.0 

From Internal Report 4S-t4C-62-506 

° Calculated 

The foregoing Stearns test was repeated on an identical sample, 
after roasting it  ai 750°F for one hour in a pluffle furnace while rabbling 
at 20 minute intervals. As shown in Table 35 1  this procedure reduced the 
sulphur content of the scheelite concentrate to 0.057%, .but with some loss 
in NO3 recovery. 

TABLE 35 

Stearns Magnetic Seéaration Test on a Sa 
of Wetherill  Feed Roasted 

Product 	Weight 	Analyses % * 	 Distn 	% 
% 	-- NO3 ' 	s 	' 	Bi 	' 	P 	Mo 	Cu 	W., 	S 

Cone (non-mag) 	67.1 	77.1° 	0.057 	0.01 	0.009 0.0020.008 	89.8 	1.0 
Tail (mag) 	22.2 	24.53 	2.97 	- 	têt 	 MO 	 OM - 	9.4 	18.7 
Magnetics (B4N) 	10.7 	3.77 26.35 	- 	- 	- 	- 	0.8 	80.3 

Head (calcd) 	100.0 	57.6 	3.52° 	- 	- 	- 	- 	100.0 	100.0 

* From Internal Report MS-AC-62-506. 
Calculated 



(c) Flotation mad Na.netic cimninud  Cleaner Table Concentrate.' 

A.  desire to avoid this high temperature treatment proMPted a bench 
flotation test to remove the pulphides from,  the  cleaned gravity.  cencentrete. 
A1000 g'grab eaMple of a concentrate moderately high in  sylphides  Was .  
floated at a. natural:pH:using  the saine  reagontS as in the rougher sulphide' 
flotation (Cu804, 	andAerofroth'.10. In this test, : resulte of'whibh are 
sumnarized'in  Table 36 the Sulphur-content of the scheelite concentrate wae 
reduced to 0.20% and the-bierUith to. 0.030. , 

. 	TABLE 36» 

Retzi 9f Sulerld9 899"11£15:12eie.a2  

, 

Product 	Weight 	 AllalYn29fi  * 	Dien  Ø .  

% 	3 	Iii 	S 	Bi 

Cone 	1.2 	24.52 	2.01 	59.7 • 44.4 
Tail 	98.8 	0.20 	0.03 	40.3 	55.6 

Head (calcd) 100.0 	2.27 	0.05 	100.0 	100.0 

From  Internai  Report MS-AC-62-468. 

In view of the success of this small-scale testi all the con-
centrate (non-magnetics from the final paes through the Hetherill) was 
subjected to similar flotation in a bank of four Nb. 7 Denver cells.  Most  
of the sulphides removed in the flotation froth were +100 mesh:. Because 
of oxidation of these sulphides in previous drying, the flotation feed 
required long and vigorous scouring by agitation in the conditioner. No 
samples for chelaical analysis were taken during this sulphide scavenger 
operation. 

( 

The scheelite concentrate (flotation tailing) was de-watered on 
a vacuum pan filter and dried electrically. To ensure removal of any 
magnetic contaminants which may have been picked up in. the final stages 
of the cleaning, the dried concentrate was again passed through, the 
Wetherill magnetic separator. 

The effectiveness of the flotation-magnetic separation procedure 
is indicated by the 0.190  sulphur in the final cleaned gravity concentrate. 
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Chetuical Anajx11.0 of Final Schc?e3 r it 9_Gr avit m...9)115;0111: rat o 

Identical eampiee eut  from the final gravity concentrate, at -200m,, 
wore analyzed by threo laboratonea I  with the results as shorn in Table 37. 

TABLE  37 

Chemical Analyeis of 11.14e_PCheolito Gravity Concentrate 
•••••••■••••0111.1M 

	

0.1.1.■»MIMM.1 11.... 	----------- 

	

Minos Branch 	Climax Molybdenum Coast Eldridge ,  Ltd. 
Element 	 -Ottana L.,  Ont. 	Golden 	Colo. 	Vancouver, D.C. "  

Per cent 	 Per cent 	Per cerit 
--- 

Tungsten trioxide 
(w03) 	 77.07 	 77.77 	77.38 

Molybdenum (Mo) 	 0.005 	 0.012 	 0.02 
Bismuth 	(BI) 	 0.010, , 	 nil 	 0.04 
Phosphorus (P) 	 0.007V1) 	 0.027 	 0.021 
Sulphur (total S) 	 0.19(b) 	 0.16 	 0.17 
Copper 	(Cu) 	 0.02 	 0.032 	 0.022 
Iron (total Fe) 	 0.32 	 0.32 	 0.42 
Insoluble 	 1.06 	 1.00 	 1.19 
Silica (OF vol) 	 - 	not reported 	0.55 
Lead 	(Pb) 	 - 	 0.019 	trace 
Zinc 	(Zn) 	 - 	 0.018' 	 11 

Tin 	(Sn) 	 - 	 nil 	 It 

Arsenic 	(As) 	 - 	 nil 	 nil 
Antimony 	(Sb) 	 - 	 0.015 	nil 
Nickel 	- 	(Ni) 	

. 	

- 	 0.012 	trace 
Columbium 	(Cb) 	 - 	 0.009 	 tt 

Selenium 	(Ce) 	 - 	 nil 	 nil 

From Internal Report MS-AC-62-4D9. 

a . probablj low 
b - by combustion method 



- 42 -•

-Scheelite Flotation

Because of the sma1l amount of material available (about 2b; of
the ore containing about 2Q'f of the 1103)' this circuit, illustrated by
Figure 7), was operated on an intermittent basis. The resul.ts. which were
ohtained correspondhd closely with thoso indicated by the small scale
laboratory work.

The food to the schoolite flotation c ircuit c,urq:)r.3.s:lng the slimo
fraction from the sizing and the gravity concentration circuits, was; pumped
at 36 ^ solids from the settling cone to a 241 in, x 36 in. Denver e6n.d3.tionor.
The pulp on discharge *from the condi.tioner, , was diluted to 25% solids and
was fed to five No. 7 Denver cells yiherO a scheel3.te rougher,:concentrole was
removed. This concentrate was cleaned in five stages in No. 5 Denver c
with the cleaner tailing being pumped baclc to the conditioner.

During flotation a narrow band of rather coarsé schee2ite was
visible on a pilot table which hand.led the scheelite rougher flotation
tailing. This coarse scheei3.te reported in the flâi;ation. feed beca.uso of
the rather inefficient cyclone classification of. the sûl.phide rougher
tailing. To recover this scheelite, the rougher flotation tailing was
pumped to ,^^. declc ï•li7.fley tablé from which a concentrate was removed„ This
concentrate was a,dded 'to the bulk gravity concentra.te during the cleaning
operation.

FLOTATION FEED

L
SCHEELITE ROUGHER

FLOTATION

ROUGHER TAILING ROUGHER CONCENTRATE

^/, DECK VIILFLEY TABLING JSCHEEUTEcLEAJNER

TAILING CONCENTRATE

I I
TO WASTE TO ROUGHER FLOTATION

OR

GRAVITY CONCENTRATION

ÇLEANER TAILING FINAL CONCENTRATE

ii
TO ACID

LEACHING

FIGURE 7 - SCHEELITE FLOTATION CIRCUIT



The pH control of the pulp was adjusted by varying the amount of 
sodium carbonate  feu  to the conditioner, The best flotation occurred 
between a pH of 9.5 and 10.1 and no advantage accrued from carrying a 
higher pH. It was necessary that the temperature of the pulp in the rougher 
circuit be maintained between 68°F and 72°F. On occasion, when the tempera. 
turc of the pulp did rise above 80°F, an extremely poor scummy froth was 
obtained .  

Generally the scheelite rougher froth was a dirty grey colour and 
of low grade, averaging about 17% NO3 from an initial feed of about 1.7% 1103. 
This grey colour was due to the presence of slimed sulphides in the flot- 
ation feeds To counteract this the writers feel that it might be advantageous 
to scavenge for the sulphides prior to scheelite flotation. 

The reagents which were used during the flotation are shown in 
Table 38, The manufacture of Reagent 765 which is a fatty acid consisting 
of oleic and linoleic acids is oeing discontinued by American Cyanamid 
Company due to limited demand and a satisfactory substitute will have to be 
found. 

TABLE 38 

Reagents Used  in Scheelite Flotation 

Reagent 	 lb/ton Feed 	Point of Addition 

Sodium carbonate 	3.50 	 Conditioner 

	

e 	silicate 	 0.20 	 0 

	

e 	cyanide 	 0.25 	 if 

Quebracho 	 0.30 	 It 

Reagent 765 (A.C.C.) 	0.15 	 it 

Aerofroth No. 70 	 0.04 	 No. 1 rougher cell 
Reagent 765 (A.C.C.) 	0.04 	 e 	e 	II 

	

e 	e 	e 	 0,02 	 No. 3 	tl 	e 

Sodium cyanide 	 0.05 	 No. 1 cleaner 	" 

	

" 	silicate 	 0.01 	 No. 1-2 	" 	It 

Aerosol No. 18 	 0.04 	 No. 1-3-5 cleaner cell 
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'Table 39  shows  the results which were obtained•during scheelite 
flotation. The scheelite cleaner concentrate was filtered, to  about: 10 
moistiire and submitted to the Extraction Metallurgy Division for.acid 
leaching.' 	 . 

TABLE 39. 

Metallurgical Balance of Scheelite Flotation Circuit 

' Weight 	...&.Q...r.,,,  _l_.,is 	0 ..
ir  „_,...21Etn  ro  

	

Product 	 ro . 	W03 	S. 	WO3 

Scheelite cl cone 	2,50 	50.88 	5.12 	73.6 

	

- *deck Wilfley table cone 	0.13 	15.20 	- 	0.5 
9 	it 	it 	" 	tail 	97.37 	0.48 	- 	.25.9 	. 

	

Head (calcd) 	 100.0 	1.73 	- 	100.0 

" 	(assayed) 	 - 	1.65 	2.74 
__. 

* • From Internal Report  1 S-AC-62-468. 

A' small percentage  of Bi, Cu and MO was present in the scheelite 
cleaner concentrate*. 
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MrochlolLicAcid.hingsf.12.2.tzLion  Cleaner Concentrate* 

 introduction  . 

, Four buckets containing wet flotation concentrate weighing 118 lb 
(dry weight) were received from the Minorai  Prooessing Division. 

A meeting was held with  fr.  R. W. Burton in which he outlined the 
conditions to be followed in the leaching of the flotation concentrate using 
hydrochloric acid, and in which the following specifications were given for 
the leached concentrate. 

TABLE 40 

Specifications for Acid Leached Concentrate  

— 	, 
Element 	 Range 	% 	1 

Sulphur 	(S) 	 0.25 
Bismuth 	(Bi) 	 0.05 
Copper 	(Cu) 	 0.02 
Molybdenum 	(Mo) 	 0.02 
Phosphorus 	■,(1') 	 0.05 

Procedure 

After  discussion  with Mr. Burton, it was decided 1n view of his 
and our past experience that the concentrate would be leached in two stages. 
Pulp density would be 65-75% solids. The first stage would be operated with 
no heat addition and concentrated hydrochloric acid wculd be added until 
effervescence stopped. At this time heat would be applied to bring the 
temperature up to 1490F. In the second stage, run immediately after the 
first stage with no liquor separation, a free-acid value of 5% would be 
maintained. Retention time would be one hour in the second stage. 

The leach liquor would then be decanted while still hot. The 
leach residue would be repiaped with hot water followed by decantation 
several times, then pan,..filtered using hot water (around 1200F) until the 
pH of the wash water reached 7. 

It was requested that the head and residue samples be analyzed 
for 1+703,  S , P, Mo, Cu, Bi and CO2, and the solutions for free HC1,-Kb and 
P. 

* From  Internai. Report EMT 62-13 by B. H. Lucas,  Extraction  Metallurgy 
Division, Mines Branch e  August lb, 1962. 
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The ieach was carried out in ,plastic tanks  with plaptic-coated 
' agitators. Steam was•introducedthrotigh'open plastic pipes.•,krubber 
lined pan filter and iv rubber-lifted filtrate receiver wore used in the wash 
circuit. 

Reagent:grade hydrochloric acid was uàed, and free acid deter-
minations were done Using 1 N. NaOH and methyl orange indicator. 

• Reoulte .  •- 	 . 
The leach was done  in  two batches Using a total of 96.5 lb (dry) 

of flotation coneentrate at 70.so1ide initially. The solids content lee, 
reduced to 45-50 solids by the end of the leach due to acid and steam 
additions. 	 • 

The temperature rose quickly to 153°F upon steam addition. The 
slurries were immediately cooled; but in 27 minutes (32 minutes from initial 
steam addition) a:blue colouration, indicating soluble tungsten appeared. 
At this point the leaching was stopped.. 

The washing of the residue with water to pH 7 wam very ,  slow, but 
the addition of a small amount of sodium carbonate quickly brought the pH 
to 8. However, it caused frothing and a separation of a black slimy 
material. This slime caused blinding of the filter cloth; but after its 
removal the remaining residue filtered rapidly. 

TABLE' 41 

Chemical Anal  ses* of Leach Feed 

Element 	 .Per. Cent 

Tungsten trioxide Cno3) ' 	50.5 

'Phosphorus 	(P) 	0.61 
Carbon dioxide (CO2 comb.) 	8.80 -  

tt 	" 	(CO2 evol.) 	6:92 
CopPer 	 (Cu) 	0.005 
SUlphur 	(Total S) 	1.33 
Manganese 	(11n) 	0.18 , 
Molybdenum 	(Mo) 	4.0015 
Bismuth 	 (Bi) 	0.015 

From Report EMD No. 5/62-2.. 
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TABLE 42 

Leach Details -____--- 
Elapsed 	 HCl 	Free Acid 
Time 	Temp 	Addition 	Cone 	 Observations 
(min) 	(°F) 	(lb oum) 	' 	(g/1) 

	

0 	32 

	

4 	52 	12 	 - 

	

11 	64 	24 	 - 

	

19 	75 	36 	 - 

	

24 	81 	48 	 - 	strong yellow colour to leaching 

	

33 	- 	49.6 	49.2 	steam on 

	

38 	131 	50.0 	 steam off 

	

65 	117 	stop 	 blue colour to leach liquor and 
Heodour 

	

84 	 completed decant..of leach liquor 
wt leach liquor m 68 lb 

reagent grade HC1 : 37% HC1 (average) 

TABLE 43 

Wash Details 

Elapsed 	Wt H20 	 Nt 

	

Time 	added 	Temp 	Filtrate 	pH 	 Observations 
(min) 	(lb) 	(°F) 	(lb) 

	

36 	40 	99 	 Repulping and decanting 

	

60 	86 

	

106 	60 	79 

	

141 	60 	75 

	

60 	81 	310 	3.4 	transferred to pan filter 

	

120 	 3.6 	washing - 80°-90°  1120  

	

5 	 8.0 	added approx. 1/2 lb Na2CO3 

	

150 	 Na2CO3 caused fine precipitation 
92 

Total ut u 552 lb 
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. TABLE 44 

Chemica1 - Ana4mis,ef  Leach  Preducts' 

• 
1ft 	Vol 	 Analyàea  (g/1 	%). 

Sample 	(lb) 	S.G. (gal) 	 ' 	Free'„ 
S03- P 	8 	Cu 	1W 	Bi 	HCen* 

Leach liquor 	' 	68 	1.25 	5.44 	0435 	7.8 . 	 45..0' 
Nash liquor 	552 	1.02 54.1 	0.42 	0.52 . - 	 30 
Residué*. 	 . 	0.003' 	1.13 
Final Residue 	68.5 	 68.95 	0.005 	1..46 	 0.01 

, 

* Grab sample. 	_•. 	. ' . 	, , 
ele  The final residue Was taken back to Mineral Processing 

Division and given further treatMent. Asaays.are 
calculated valUeé. 	 . 	 . 

et*" Acid is actually a. mixture of H3PO4, H2PO4 and HCI. 

Conclusions and Discussion 

The low grade sCheelite flotation concentrate was' successfully 
- leached in a. two-stage operation using concentrated hydrochlorici.acid and 
heat. 

' After the addition of 380 lb 100% HC1/ton'dry feed over . a33 min 
period  the calcium carbonate was Oliminated. The temperature averaged 890F. 
The phosphoruewas eliminated by leaching for a. further 32 min at an average 
temperature of 138°E. It was necessary to add onlY .3.5 lb mog HC1/ton dry . 
feed in this second stage. 

Longer second-stage retention time would have been reqUired if: 
the temperature had not been allowed to rise to 149°F. The  washing of the 
leach residue to neutral pH by the quantitative addition of a neutralizing 
agent such as sodium carbonate will need further study.' If processing of 
the residue to remove sulphur is contemplatedi  there would be no advantage 
in going beyond a pH-  of 3.5 to 4. 

The tungsten content of the flotation concentrate was raised. 
from 50.5% W03 to 68.95% MO2 and with the exception of the sulphur, all 
the specifications listed in Table 40 were met. 
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Treatment of Acid Leached Flotation Concentrate 

Acid-loaching of the scheelite cleaner concentrate was successful 
in removing or reducing to low levels the calcium and the phosphorus. 
However, the 1.46% sulphur remaining in the acid-leached concentrate made 
necessary the investigation of supplementary cleaning operations which are 
detailed below, 

(a)Flotation 

Several attempts were made to float the sulphides from the acid-
leached concentrate with the saine  reagents which were used in the sulphide 
flotation circuit. Because of completely unmanageable frothing conditions, 
all such attempts proved unsuccessful. 

(b) llIgh-Ienelk-ect 141222.----eicr.M--eatke, 

The entire acid..leached concentrate was passed through a Jones 
high intensity wot magnetic separator operating at the maximum intensity of 
30 amp. The magnetic fraction was floated using the previously mentioned 
sulphide flotation reagents. The results which may be seen in Table 46 
show the rather poor elimination of sulphur which  was  obtained. 

TABLE 45 

Maginetis_Sfention of Acid-Leached Concentrate 
— 

Product 	Weight 	Weight 	Analyses  %  	 Distn  e  
g 	% 	W03 	S 	P 	' 	Bi 	W03 	' 	S 

	

------ 	 
Cone (non.4mag) 	17,282 	56.7 	71.68 	1.20 	0.006 	0.01 	58.0 	44.0 
add 	 11,392 	37.4 	72.00 	1.37 . 	0.005 	0.01 	39.0 	33.9 

Sulphide tail 	1,094 	3.6 	33.92 	0.98 	- 	- 	1.8 	2.4 

	

e 	cone 1 	716 	2.3 	37.28 	12.55 	- 	- 	1.2 	19.7 1 

Head (calcd) 	30,484 	100.0 	68.95 	1.46 	- 	- 	100.0 	100.0 
-_-_ 

* From Internal Report ES-AC-62-528. 

The high sulphur content (1.27%, calculated from the combined 
concentrate and middling shown in Table 45) served to confirm an earlier 
observation, mentioned in the section dealing with scheelite flotation, that 
the introduction of a scavenger sulphide flotation section, prior to 
scheelite flotation, might be advantageous. 
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(c)Erm£2112n  of Synthetic :Concentrate 	: 	. 

Because of the very low sulphur content of .the gravity concentrate, 
equal portions of this and the high-sulphlir acid..leaehed flotation concen- _ 
trate wore mixed by dry grinding toabout 8,5% -325M.> This produced  a fine  
material of marketahle, grade repreSentatiVé.Of a. flotation cOneentratehich 
might be prodUced by the applicatienot successful cleaning  techniques.. ' 

• 
(d) plenical Analy .....Synthai';ic Concentrate  , 

• 
Identical samples of this Cencentrate at all...200m were analysed:' - 

by three laboratoriee with the,reSults Shown in Table 46. 	 : 

likeLE46 

Chemical Analysis*  of Final Mid-Leached (Synthetic) COncentrate 

Ledoux 8:4 CO. TAd.  Coast Eldridgettd. Canada Tungsten 
EleMent 	 Teaneck 	N.J. 	Vancouver -1 	B.C. 	Vanconverl 	B.C. 

Percent 	 Percent 	Percent  

Tungsten trioxide 	73.09 	 . 	75.16 • 	 69.10 
(NO3). 

Molybdenum 	(Mo) 	0.02, 	 0.02 	 11.013 
Bismuth 	(Bi) 	0.09 	 0.03 	 0.016 
Phosphorus 	(P) 	 0.02 	 0.028 	 .0.008 
Sulphur 	(total S) 	0.69. 	 0.43 	 0.43 
Copper 	(Cu) 	0.01 	 0.023 	 0.022. 
Iron 	- (total Fe) 	0.71 	 1.06 	 1.04 
Insoluble 	• 	not reported 	 5.20 	 4.96 
Silica 	(H.F. Vol) 	2.38 	 4.15 	r 	not reported 

Semi,ljuantitative  

Lead 	(Pb) • 	0.01 	 nil 	 nil 
Zinc 	(Zn) 	0 ..01 	 n 	 » 
Tin 	(Sh) 	nil 	 trace 	 trace , 
Arsenic 	(As) 	0.01 	 n 	 0 
Antimony 	(Sb) 	nil 	 nil . 	 -nil 
Nickel 	(Ni) 	not reported 	not detected 	trace 
Columbium 	(Cb) 	u 	il 	11 	Il 	. 	 it 
Selenium 	(Sb) 	n 	It 	 trace 	 nil 

* Commercial laboratory  analyses on  shipped concentrate - taken 
from correspondence received. 



-51- 

• 	(e) 

Because of the successful removal of sulphur from the gravity con-
centrate by roasting and high-intensity magnetic separation, similar small- • 
scale tests were made on samples of acid-leached scheelite flotation 
concentrate. 

Two similar samples were roasted for one hour at 7500F in a-  muffle 
furnace and rabbled at 20-Minute intervals, After removing one sample to 
cool, the furnace temperature was increased to 1470G,F, held at that point 
for one hour and allowed to cool slowly to room temperature before the 
second sample was removed. A small portion of each sample was taken for 
analysis; the remainder of each was divided into two parts for dry and wet 
magnetic separation tests. 

Roasting at 7500F lowered the sulphur content of the concentrate 
from 1.13% to 0.64%. Subsequent dry magnetic separation reduceethis to 
0.41% e  while recovering 91.7% of the tungsten. Because approximately 50% 
of the sulphur in the roasted concentrate was present as water-soluble 
sulphate, wet magnetic separation removed both magnetiesulphide and soluble 
sulphate, leaving only 0.16% sulphur in the final non-magnetic concentrate 
with 95. 8%  of the tungaten. The results are summaeized in Tâble 47. 

TABLE 47 

Sulphur Removal from Flotation Concentrate Rnasted at 750°F 

, 

Analysis % * 	 Distn % 
Product 	Weight 	 .  

% 	W02 	S (tot),S  (504) 	W03 	S (tot)  

Cone (as rectd) 	- 	73.47 	1.13 	- 	- 	- 

" 	(roasted) 	- 	 - 	0.64 	0,35 	- 	 - 
	 I 	  

EIMIELMEMEliM 
Ball-Norton mag 	0.8 	n.d. 	16.15 	- 	- 	18,3 
Stearns mag 	 10.0 	61.2 	2.11 	- 	8.3 	29.9 

" 	non-mag 	89.2 	75.5c 	0.41 	- 	91.7 	51.8 

Feed 	 100.0 	73.47 	0.70c 	- 	100.0 	100,0 

Nét mag separation  
Jones mag 	' 	7.6 	40.32 	2.75 	- 	4.2 	30.6 

" 	non-mag 	92.4 	76.2c 	0.16 	- 	95.8 	21.6 

Feed 	 100.0 	73.47 	0.64 	- 	100.0 	52,2** 
, 

* From Internal Reports 14S-AC-62-578 and e400. 
** 47.8% of -thé  sulphur was water soluble. 
C  calculated 

n.d, none detected 
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., Roasting at 14700F was lesS effective in eliMinating sUlphur but 
resulted in complete conversion from sulphide to sulphate, wittionly part' 
of the.latter in water-soluble fem.. Consequently, little Sulphur was - 
reMoved Wmagnetic forM by sither,dry or,wet Magnetié separatiés.:BoweVét, 
leaching of someoluble Sulphate in , the wet test reduced the.sulphurH . 
contentef the concentrate té 0.46% . :., Results of this test are Shown in - 
Table 48. ' 

TABLE 48 

Sulphur . Removal from Flotation'Concentrate Roasted at 14700F  

Product 	Weight 	Analysis % * 	 'Bistn 

	

%. 	03 	3 (to•)- - 	3(304) 	W03 ' 	.S 	tot) .  

Head(ahalyzed): 	 78.47 	1.13 : 
Cone (reasted) 	» 	 0.75 ' 	0,‘75 	-. 

Ell-eq.-Peee:ei°/1  
Ball.Norton mag 	nil 	 - 	 .- 

. Stearns Mag 	1.9 	46.4 • 	1.10 	. 	1.2: 	2.7 
" . 	nonicag 	98.1 	74.00. 	0.77 	 98.8 	97.3 

Feed 	 100.0 	73.47 	0.780 	- 	. 100.9 	100,0 
	- 	  
We 	ma  e separation 

Jones  mat. 	7.5 	47.68 	0.45 	- 	4.9 ' 	4,4 
1 ,* 	non..mag 	92-.5 	75.6° 	0.46 	 95.1 	57.0 

Feed 	: 	100.0 	73.47 	0.78. 	 -100.0 	61.4**  , 	 , 

* From Internal Reports 143-AC-62;578 and -600. 

** 
 

38.6 of  the sulphur nas water soluble. 
0  calcUlated 
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LL RECOVERIES AND METALLURGICAL BALANCE 

A condensed metallurgical balance, typical of the pilot mill 
,operation, is shoe in Table 49. These figures, extracted from the report 
of R. N. Burton0), integrate the best results of the several experimental 
flowsheets and show the trend of the separation obtained'rather than precise 
details of the several producte recovered. The gravity (table) concentrate 
and the acid-leached flotation concentrate shipped to American Metal Climax 
Inc. were both higher in W.03 content than the corresponding products shown 
in this table'.  

Although scheelite recovered by gravity concentration was soMe-. 
what greater than expected and that by flotation correspondingly lower, 
the overall recovery in this pilot plant investigation of approximately 
85%, was the same as that obtained in test work elsewhere. 

TABLE 49 

Condensed Metallurgical Balance 

	

Weight 	Analyses 	e 	 Distn 
Product 

% 	1.103 	Cu 	1.108 	Cu 

Sulphide conc 	 38.0 	0.20 	0.29 	36.00 	3.2 	27.5 	92.0 

Copper 	" 	 1.3 	0.10 	22.20 	31.90 	- 	70.0 	3.0 

Table 	" 	 2..2 	76.50 	- 	0.27 	70.0 	- 

Table tail 	 40.0 	0.30 	0.01 	1.20 	5,0 	1.2 	
3.0 

Seheelite flot cone* 	0.5 	67.00 	- 	0.40 	15.1 	- 
It 	" 	tail 	18.0 	0.90 	0.02 	2.30 	6.7 	1 	

2,0 

	

.3 	. 

	 ..................**".".......... ........1 

Head (calcd) 	100.0 	2.40 	0.40 	15.00 	100.0 100.0 	100.0 

* Following acid-treatment. 

[WIMP 
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CtJNCLUSIONS' AND DISCUSSION .

During the ten weeks of the pilot,plant tests, .33.7 short tons of
ore were milled. Despite losses of scheélïte .3:n snmpling,, by sp3,llage and
for experimental purposes p concentrates typical of marketable scheel3.te were
produced in the following q,uantities t 1083 lb gravity concentrdte and 90-lb,:
flotation concentrate.

Because of 'the complexity of the f1owsheet and the many chariges :
made during the pilot plant inves,t3.gation, the writers feel that the. severa1
sections of the circuit warrant separate emphasis, particularly since the
results of the tests differed somewliat from those indicated by earlier small-
scale tests.

Gr3.ng

xhroughout the investigation every effort was made to inaintain the
pulp density in the rod mill at or above 72f solids.. Any appreciable
reduction from this figure led to overgrinding and sliiming of the soheelite
and reduced the recovery in the gravity concentration circuit.

Classification

The DSM screen operated best-when the screen deck was flooded with
pulp. A tendency to blind after atshort operation was overcome by fasten3ng
a solenoid vibrator to the screen frame, The 0.5 mm screen first used in.the
circuit permitted sulphides, too coarse for flotation, to.-get intothe mill
flow. These ultimately reported in the gravity concentrate. This condition
was substantially corrected by the use of a 0,35 mm screen which gave a
slightly finer overall grind but did not cause any large increase in the
saheelite slime losses. .

In his report(4)' We Ross felt that the use of.4. DSM screen alone
would result in too much dilution of the feed to sulphide flotation and
recommended that a de-siatering cyclone be used in conjunction with the screen
to avoid the need for primary thickening. I:owever, during the pilot plant
tests it was found that when the pulp density of the rod mill discharge was
maintained at or above 72% solids no serious dilution was encountered and
neither cycloning nor thickening was required at this stage.

Sulphide F1.otation .

No unusual problems were encountered in the sulphide flotation
circuit. Because of the long flotation time, stage additions of reagents
were essential to the adequate removal of the sulphides. .Probably no more
. than about 95% of the suiphides can be eliminated in a. prima,ry flotation
circuit,. The 3% loss ofi1Og at this stage ^ mostly by mechanical entrainment
of. the.seheelite grains in the heâ.vy sulphide froth, might have been reduced

. if more than one stage 'of cleaning had béenemployed. Smal1 additions.of
sodium .silicate in the cleaner circuit produced a.brittle froth which allowed
part of the trapped scheelite to be recovered.
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Although little attention was given to this part  of the  circuit, in 
The  few days of its operation a copper recovery of 70% was obtained in a con-. 
contrate containing about 16% copper and 0.1 oz Au/ton. Super-cleaning of 
this concentrate increased the copper grade to 27.34% but reduced the gold 
to 0.06 oz/ton. This reduction in gold  ras  probably caused by the depressing 
effect on the told-bearing minerals of the extra lime used in the recleaning 
operation. 

• Sizing 

Sizing of the feed to the gravity concentration circuit is 
essential to high recovery on the tables. In the pilot plant tests, cyclone 
sizing was unsatisfactory due to a relatively small pulp flow and oversize 
pumps. Therefore, the large Wilfley table was used in the dual role of. de-
sliming the sulphide flotation tailing and collecting a gravity concentrateé 

• If a DSM screen as fine as 0.35 mm is used for primary classifi-
cation, then the sulphide flotation tailing, after removal of the -325m 
material by desliming or cycloning, might profitably,bo split into two 
fractions instead of three as proposed by Mr. Ress0). The mesh size for 
this separation would best be determined under plant operating conditions. 

Gravit CorEnt_ration 

Of the several table circuit variations used in attempts to obtain 
a maximum recovery of scheelite, the flowsheet shown in Figure 4 gave results 
closely paralleling those predicted by Er,  Ross(). This flowsheet produced 
a bulk gravity concentrate containing 38.15% W 03 for a recovery of 71.4% of 
the tungsten in the ore. Sizing of the Wilfley table middling on a 100m 
screen resulted in the rejection of 21.8% of the ore containing 3.1% of the 
NO3. The scheelite in this fraction was locked in the gangue and would 
require further grinding for liberation. 

An interesting aspect of this flowsheet was that it was possible 
to cut from the Wilfloy table a "select" concentrate requiring no further 
beneficiation. This concentrate, assaying 79.0% NO3, represented 50.0% of 
the tungsten recovered by this table and 28.6% of the tungsten in the ore. 

Cleaning  of GravittAmoontrate  

A moderately high grade scheelite concentrate (60.77% W03)  ras 
 produced in the cleaner tabling operation illustrated by the flowsheet in 

Figure 5, but this did not remove garnet, nor did it reduce other impurities, 
particularly sulphur, to acceptable levels. 

Although small-scale wet high-intensity magnetic cleaning reduced 
the sulphur content of the scheelite concentrate to 0.27%, the limited 
commercial experience with such wet separation prompted more attention to 
conventional dry 'magnetic techniques. However, even •  on a laboratory Stearns 
high-intensity machine, sulphur content could not be reduced below 0.59% 
compared to 0.66% obtained by large-scale treatment of the dried concentrate 
on a Netherill separator. A Dings machine produced a very clean final 



concentrate containing only 0.10%sulphur, but low scheeiterecOvery and 
severe dust:losses discoùraged itS further usé. , OnlYafter lOw . teMperaturd 
roasting (at 760°F) to inerease the Magnetic suncePtibility of the sulPhidet 
could a ,  concentrate witfuless than 0...10% , sulphurlDeproduced by Stiparne.drYH 

_ . 
However, satisfactery remeval of sulphut(te 049%) waé.athieVéd:': 

on a.  large scale by Sulphide Scavenger flotation folio*ed by'Wetherill 
magnetic separation. Theeffectivpà9pà of this technique is further  indi- 
cated by the low level Of - cither , impurities, inclUding bismuth, shown bythé 
chemical analysis of the _final shipPed cOncentrate .(Table 37). A simpler.. 
procedure might be to''Send the'dleaner table côneentrate,er even the reugher 
table concentrate 'direetly to'à scaVenger flotatién Eitepto rémoVereedual 
sulphides:before Magnetic cleaning. - 	- 	- 

- 
. Scheelite Fletation 

Despite brief, intermittent operation in this phase of the pilot 
plant tests, the results were similar to those  pi  edicted from previous 
investigations. Scheelito flotation prodUced a cleaner concentrate of about 
50% 1103 with a recovery of 73% of the 1103 in the feed, equivalent to about 
16% of the IT03 in the original ore. The circuit operated best at a pa 
between 9.5 and 10.1 and a pulp temperature of 6601?  to 720F. 

The rougher froth at best was dirty and of low grade (about 17% W03). 
The writers feel that, if at all possible, some effort should be made to 
scavenge the scheelite flotation feed to remove sulphides which had resisted 
the initial bulk sulphide flotation. Such a scavenger operation mould have 
the added advantage of removing some of the copper, bismuth and molybdenum 
which otherwise appear in the concentrate. 

Acid Leachinue Flotation  Concentrate 

This was a relatively simple operation in which no unexpected 
problems were encountered. The low grade (50% W03) flotation cleaner concen-
trate was successfully leached to remove the calcium and the phosphorus in a 
two-stage system using concentrated hydrochloric acid and heat. The resulting 
concentrate containing 68.95% W 03 and 1.46% Se, met the specifications for  ail 

 impurities except sulphur. 

Treatment  of Acid-Leached Concentrate 

Because of interference caused by the reagents used in scheelite 
flotation, neither magnetic separation nor supplementary sulphide flotation 
reduced the sulphur in the acid-leached concentrate to an acceptable level. 
However, in a small-scale test, roasting of the concentrate at a relatively 
low temperature (750 0F) eliminated about 40% of the sulphur and subsequent 
wet magnetic separation  un  equal amount leaving only 0.16% S. The 1 03 lost in 
the combined operation amounted to only 4.3%. Although this technique was 
not applied to the bulk of the acid-leached concentrate further investigation 
of the procedure is recommended. 

magnetic separation. magnetic separation. 
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