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CULARIDE BUPLOGATION CORPORATION ° 270 PHiA AVENUE, NEW YORK, NEW YORK 10017
D. L. Mathias, Jr. bate August 3, 1973
Exploration i

- Sydney, Australia : Originating Dopt. Exploration - New York

Answering letier dato

T & Axy ' Subjact TASMINEX
A, W; Heuck

Dear Dave:

Znclosed are copies of all the reports issued by our R & D group in
Nisgara Falls concerning the Tasminex project,

o addition, there are copies of all the U.C.C. invoices for costs of the
X & D group with details supporting those charges,

If we can be of any other service in assisting you to resolve this problem,
please let us know.

Regards,
L. A, Wr

L
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INTERNAL CORI"’ESC’ONQE?\. Cl:

e
TIHANG AND LIETALS SIVICIOR ° - P, U. HOX 579, NIAGARA FALLS, HFW YORK 14302
ToName! My, A, W. Heuck (2) . Dot ~ January 30, 1973
Divivion UCEX ’ .
locatian Union Carbide Corporation ' O'W"‘“”“i" Dept. Research and Development Departmant

270 Park Ave. : e ' .

New York., NY 10017 . Anafw!nq {attut dute
Copv's  Messre. R. J. Klotzbach Sublest . Examination of Tasminex Core

M. Stermn ' Samples Subnmitted by A.W. Heuck
‘
Dear Art:

@

While awaiting the drill cores from the proposed 1873 Tasminex program,
wa gave a cursory examination and evaluation of the samples you returned with
last November. These samples consisted of portions from drill holes D-113,
D-117, D-121, D-125, and D-127. The description of these holes is supplied in

" the attached memorandum by E. E. Andersom.

Qur objective was to compare the magnetic processing amenability on
the basis of (1) oxidation state, ‘and (2) ore grade. Unfortunately, none of

"the holes contained ore with any degree of oxidation so all samples were

classified as unoxidized. Because the W03 grade varied significantly, all
samples were composited on this basis. The exception, of course, is drill hole
D-117 in which the ore occurred in a2 matrix other than magnetite.

The results of the magnetic amenability tests are reported in the

- attached memorandum by N. L. Grauerholz. These results show greater than §0%

W03 recovery in the non-magnetic fraction with the magnetite fraction contain-
ing less than 0.10%Z W03, indicating that the unoxidized ore is truly amenable
to magnetic beneficiation. Based on this information, one could calculate that
the unoxidized ore could be processed as follows:

ZWe. . % Wﬂ3" © Units - Z W04 Recovery
Non~magnetic 25 2.10 .525 : 93
Magnetic ' 75 ‘ 0.05 .Q375 7
Ore 100 | 0.56 ' 0.56 100

This is considerably better than obtained in our test work performed on
Sample "C" (unoxidized ore) reported in September. of 1972. The difference in
smenability is attributed to the content of the brown oxidized ore in Sample "C".
Table I of this letter contains a material balance comparison of Sample "C'" as’
compared to samples from these tests. 1In this material balance I have assumed -
a 500-ton a day will processing 507 oxldized ove {(no upgrading) and 50%
unoxidized ore. The significant difference is in.the overall recovery of 87.4%
for these samyles compared to a calculated 80.3% for Sample "C".
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Mr. A. W. Heuck ~2- . January 30,-1973

The second.haif of Table I shows the relative significance of the improved
emenability in terms of cost per unit W0q recovered. Because this is an order

~of wagnitude, it should be pointed out that the cost difference is only relative.

. We are still awaiting the samples from the 1973 drilling program and
upon receipt of these samples we will evaluate them in a similar manner. Hope-
fully, these samples will contain the oxidized, unoxidized, and transitional ore
so that ajbetter perspective can be gained.

Very truly yours,

R. G.'Woolery y’//( 6

RGW/bsn
Attach.
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Sample D-121-125

A 1'703
~Tons . Units Rec. Grade Tons
500 330 ' 0.76/ - 500
: ' . 0.56 _

250/ 140/ 74 ~ 1.65 250/
68 104 | . 625
318 294/  91.5 . 0.93 312.5
_ 270 L ' :
- 270/ - 98 - R

. 265 _ :
- 265/  80.3 70
330 '

Order of Magnitude Cost Estimate

% W0,
Units Rec. Grade
330 0.76/
0.56
140/ 93 2.10
130 -
320/ 92  1.02
294 :
294/ 98
288.5
288.5/ 87.4

330

70

$ Per Unit W0s3 Recovered as Syn. Scheelite

S Sample "CT
"Mining Costs . 6.79
Mill Labor Costs 4,25
Salt Roasting . 9.22
Other Mill Costs . 14.29
Total Operating Costs | 34.55
Depreciation (Assume $6MM Tot. Cap.) _ - _b.86

Total Cost Per Unit Recovered 7 o - 41.41

1/29/73

Sample D-121-125

6.24
3.91
8.32
13.13

31.60

6.30
37.50
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T , _ : Research and Dzvelopment Department
. JEN 281973 Mining and Metals Division - UCC
A Niagara Falls, New York
R G WOOLERY January 29, 1973
MEMORANDUN
TO: Messrs. N. L. Grauerholz
' D. J. Hansegyff,,;w*’"
R. G. Woole Co
COPY: R. & D. File
FROM: Zﬁ. E. Anderson

SUBJECT: Preparation of Composites from "Scheelite Only' Zone -
of Tasminex, Kara #l Drill Hole Samples

Cuttings from portions of drill holes D113, D117, D121, D125, and D127
were received at the Niagara Falls Laboratory November 17, 1972 for beneficiation -
tests. Mineralogic characterizations of these oreswerebegun with the intention
of using them as ¢riteria to define different composites for beneficiation {tests.

After a preliminary visual examination of the samples, four basic
criteria were developed for the purpose of compositing the samples. First, it
was decided to keep each hole separate rather than combining similarly appearing
samples from a number of holes. It was felt that the data could always be com-
bined for calculated "super composites.” The second criterion was color or color
changes between samples within a hole. Color changes usually reflect changes in
mineralogy. We were particularly locking for changes in oxidation and hydration

-of the iron oxide minerals because of the previously observed association of

these changes with changes from scheelite to non-scheelite ore. The third cri- . _:

- . terion is similar to the second, but consists of changes determined by actual

mineral identifications. The fourth criterion was sample grade as taken from the

- Australia and New Zealand Exploration Company's (ANZECO) drilling logs.

COMPOSITE #1

Drill Hole 113, 98.0~107.0 Feet

Color differences were deemed insignificant. Therefore, the three
adjacent highest grade samples were chosen in order to make a composmte grade as
close as possible to the .61% WO, ore grade for the Xara #l property as determined -
by ANZECO. The unweighted average analysis for this composite was .57% W03.

|

COMPOSITE #2

Drill Holé 117, 58.0-70.2 Feet

As in drill hole 113, the samples from drill hole 117 did not differ
from each other significantly in color. 'Five adjacent samples of highest grade

vwere combined as representing a mineable thickness averaging .93% Wog. The
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"Memo re Preparation of Composite Co-2- - January 29, .1973

from “Scheelite Only"” Zone of
Tasninex, Kara #1 Drill Hole

~ Samples

sample above this materlal assayed Ol% W and the one below assayed 0.006% W. The

bulk mineralogy of composite #2 does differ significantly from those of the other
omposmtes It consists predominantly of the hydro-garnet mineral, hibschite,
81i,(0H),0g, with lesser amounts of diopside, CaMg8iyOg, red fluorescent

ca cl%e CaCO3, magnetite, Fe Oh’ and scheelite, CaWO,.

This and other occurrences of significant amounts of tungsten with
relatively small amounts of magnetite are rare in the Kara samples examined to
date.  HowWever, they -indicate that the relationship magnetite:tungsten is not
universal in the Kara district and that the absence of a magnetic anomaly does
not in itself indicate lack of tungsten. : :

COMPOSITE #3

Drill Hole 125, 160.7-190.2 Feet

Again the samples from drill hole 125 did not aépear to vary significantly,
so again tungsten assay was the compositing criterion employed. The composite con-
sisted of 10 adjacent samples ranging in grade from .12% to 1.86% W for an un-

weighted average of .55% WO3. “Assays for the sample above and below the c0mposited_' S

interval were subeconomic .06% W.

The samples from hole 121 did show some variations in color which we
thought might reflect significant changes in mineralogy. X-ray diffraction pat-
terns were made for each sample and the relative amounts of the major constituents
determined. While variations in the proportions of the constituent minerals did
correspond to color changes of the bulk samples, they were deemed insignificant -
in terms of predicted beneficiation response. Since this was the most extensively
sampled hole received, it was broken into three composites on the basis of assay.
The upper two composites (4 and 5) are relatively high .grade, whereas the deeper *
composite (6) is lower grade. The tungsten grade of the material below comp051te,
6 would evidently preclude economic recovery.

COMPOSTTE #4

Drill Hole 121, 113.0-141.0 Feet
Unweighted average grade = 1.11% WO,. |

- COMPOSITE #5 .

Drill Hole 121, 1h1.0-171.3 Feet

Unweighted average grade = 1.02% Wo5.
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-~ }Memo re Preparation of Composite =3~ January 28, 1973
from "Scheelite Only" Zone of L
Tasminex, Kara #1 Drill Hole
Samples

COMPOSITE #6

Drill Hole 121, 171.3-187.0 Feet -

Unwelghted average grade = .U43% WO3.

'DriJJ. hole 127 was not composited because of its low grade. We have 9
samples from 220.5 to 240.5 feet which average .30% W03. These could be composited
if it ig desirable to obtain beneficiation date on material of this grade.

. I kmderson.
EEA:ms : _ _ . L
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T 3 WwooLERy,
ResearchardtDevelopment Department

Niagara Falls, New York
January 5, 1973

MEMORANDU M

TO: Messrs, E. E. Anderson
‘ D, J. Hansen
R. G. Woolery
COPY: . R¥ & D. File :
FROM: N. L. Grauerholz

SUBJECT: Magnetic Amenability‘of Deeper Tasminex Oré'Samples

{Tungsten Ore/Raw Material Processing)

SUMMARY

- The drill core samples obtalned from deeper unoxidized ore zones in the
Tasminex tungsten property were beneficiated by magnetic methods. The amount of
magneti¢ material in these samples vzried from 6.9% to 76.1% of the total weight
in these samp1e:. The magnetic material contained a very small fraction of the
total tungster and indicated that this type of’nater131 is very amenable to
upgradlng by magnetic oenef1c1at10n. :

Dr111 Hole D-117, 24 through 28, contained substantially less magnetic

f_.material than the other samples. This is significant from both a geological and _
‘mineral beneficiation viewpoint. Other beneficiation methods should be investigated
_ on this sample in more detail. ' S '

DISCUSSION

: A set of drill hole core samples was received at the Research and
Develovment facilities on November 17, 1972. These samples from drill holes Irom

- the Kara No. 1 section of the Tasminex ore body represented deeper sections ef the

ore body. These samples were to be examined n1neralog*cally to determine variations

from prévicus samples.

A series of composite samples representing the higher tungsten content ore
zones from each drill holewere assembled. These sample compcsites were magnetically
upgraded to determine their amenability to magnetic separation.

This set of drill core samples was assigned our number, OR-~-6C0, for

- identification purposes. Each composite made by the R § D mi neralogigal laboratory

is Further 1dent1fled as. follcws.
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~Memo re . Magnetic Amanébility of -2 - . January 5, 1973
Deeper Tasminex Ore Samples '

- Sample No. . UCEX Designation . ~.___R &D Designation
1 D-113 - 24, 25, 26 Comp. 1903-32-1
2 . D-117 - 24 through 28 Comp. 1903-32-2
3 ' D-125 - 45 through 54- .~ Comp. 1903-32-3
4 - D-121 - 39 through 48 - Comp. 1903-33-1
?. - _ D-121 - 49 through 58 Comp. 1903-33-2
| 6 D-121 - 59 through 63 Comp. 1903-33-3

Each sample composite was comprised of equal splitsfrom each footage
increment as received. The sample splits were combined and crushed to minus 8 mesh,
O The minus 8-mesh composite was then riffle split to give a 200-400 gram portion
" which was further crushed to 100 mesh for an anal)tlcal sample and a test charge for
Davis tube tests. The remaining fraction of minus 8-mesh materlal has been retained
for further benef1c13t10n tests if desired.

 Two 25-gram charges of the minus 100-mesh composite of each sample were
tested with the Davis tube. The magnetic and nonmagnetic fractions from each test
charge were combined for analysis., The large amount of magnetite in the ore limited

each test charge for the Davis tube to approximately 25 grams. Wash water was 300 cc./ .-

min. The amperage setting was 2.0 amps. and the speed was set at approximately 100
oscillations per minute.- The test perlod was not timed but was conducted until the
wash water was clear. : :

The results of each test are shown on the attached data vage. The upgrading
accomplished by magnetic separation is substantial with all the samples treated except
- for Sample No. 2. This particle sampnle is much lower in magnetite than other test
samples submitted from this deposit. The tungsten content is high and may be of
mineralogical significance in extending the ore zones in this deposit.

. The tungsten content in the magnetic fractions of these drill core samples
is low. This has in the past indicated that the nommagnetic fraction is amenable to
further upgrading by flotation with a high degree of recovery. Additional beneficia-
tion tests .on these samples is recommended. Sample No. 2 is especially favored for

. additional beneficiation tests because it is low in magnetite but high in bungsten
and may. be indicative of a dlfferent benef1c1at10n problem.

RS /W/

N. L, Grauerholz

NLG:et
‘Attach.
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Maghetic Amenability of Deeper Tasminex Ore Samples

Davis Tube Tests

- Calc. Head

Product % Weight Assay, % WO
Magnetic 50.0 0.09
Nonmagnetic 50.0 0.82'1'
Calc. Head 100.0 0.46 &
Magnetic 6.9 0.10
Nonmagnetic: 93.1 . 1.58
Calc. Head i00.0° 1.48
Magnetic ‘ - 60.6 0.02
Nonmagnetic 39.4 1.62 9.4
Calc. Head 100.0 0.65 '
Magnetic ~  70.7 0.08
Nonmagnetic 29.3 3.40 o1 o
Calc. Head 100.0 1T.05 3
Magnetic 76.1 1 0.06
Nonmagnetic 23.9 3.26 s
Calc. Head 100.0 0.52 1"

 Magnetic 74.8 0.05
Nonmagnetic 25.2 (1.58 1.4
100.0 0.44

"Dist., % W03
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T ' ' " Research and Development Department

P. 0. Box 579, Nlagara Falls, N. Y.
October 5, 1972

MEMORANDU M

“T0: Mr. R. G. Woolery

COPTES: Messrs. E. E. Anderson
D. J. Bansen
R & D File

TROM: Ni L. Grauerholz

SUJBECT: Recovery of Tungsten Values from Tasminex Ore Samples
{Tungsten Ore/Raw Material Processing)

This memorandum is written, not in the perspeciive of presenting an
economical recovery method for recovering tungsten from the Tasminex oxidized
ore, but to present alternative methods that may be applicable to this ore.

The ore body is of too much interest to consider dropping the project because
conventional treatment methods have not been successful or not economical.

Nature has oxidized the tungsten content of the ore body to form a
vagrant tungsten ion and/or tungstic acid. Literature reports show that the
diffieult part of recovering tungsten products from ores is the "opening up"
of the ores or releasing the W03 radical from the minerals where it occurs
e2ither as an iron or caleium tungstate. The WO, radical has already been
releasad in the oxidized Tasminex ore and shoulg be available for straight
leaching. The chemistry of tungsten solubilization is not easy, not spec1f1c,
not straightforward, but possible.

Many leaching tests were conducted on a "bootleg" basis on the Tasminex
ore in conjunction with the magnetic and flotation tests conducted on the various
ore samples submitted. These tests were all unsuccessful except for one that

‘used an entirely different technique. The other tests all utilized chemicals on

the basic side where the alkaline tungstates are soluble. One test was conducted
oa the acid side using sodium dithionate and hydrochloric acid. '

The lead for this approach was found in Mellorcl) where considerable
discussion on reaction of tungsten trioxide with various chemicals is found.
He states that "O. Brunck found that in acid solutlon the trioxide is reduced
by sodium hyposulphlte.‘

(1) A Comprehensive Treatise on Inorganic and Theorétical Cheristry by W. Mellor.
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Memo re
Recovery of Tungsten Values from . ‘ )
Tasminex Ore Samples - _ o -2 : October 5, 1972

Fiegl( ) states that peracid formers such as tungstates form the
pertungstates and leads to the formation of sulfates rather than the tetra-
thionate that is the normal reaction with acids and sodium thiosulfate.:

A 50-gram sample of Tasuinex ore, Category A, was heated for 2 hours
. at 150°F with 0.10 1b./ton HCl and 2.5 grams of sodium dithionate. The pulp pr wes e b T 10
W&s filtered. The conditions of this test with minus 8 mesh ore recovered . (aok)
65% of the fungsten. The test has been repeated on a minus 100 mesh fraction
of the ore to determine if additional ore can be recovered.

This memorandum is written solely to present a possible solution
to recovery of the oxidized Tasminex ore. The solubilization of the non-
scheelite tungsten in Tasminex is possible without roasting or pressure

. digestion and testwork aslong these lines should. be attempted before abandomng,
the project. .

(2) Specifie, Selective, Sensitive Reactions by Fritz Fiegl:

Voo thposuldte - N -

N. L. Grauerholz -

NLG:dg

. LquLC\f ko __—-fu 8¢//6
L0 Fn

3.5 qms...
Jeeo ‘}m

- fﬁ’df/m\, (9 e v ‘%({C}
ESh i

72
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INTERNAL CORRESPONDENCE

MINING AND METALS DIVISION . " p. 0. BOX 579, NIAGARA FAILS, NEW YORK 14302
fatNeme) Mr. L. P. Twichell pate September 25, 1972
Yividian Mining & Metals Division ' )
owaten  Union Carbide Coxporation ' Originating Dept. * Research and Development Department
270 Park Avenue — , :
New York, New York 10017 Antwaring letter date
“esy to.  Messrs. A. W. Heuck (2) Seblect Tasminex Project
J. C. Stephenson Order of Magnitude Cost Estimate
M. Stern :
i
Dear Lew:

We have recently completed our laboratory evaluation of the Tasminex composite
samples and as you are aware, the metallurgical response was quite different from
the first set of samples received. Two factors most influenced in the recent
tests were (1) amenability to upgrading and (2) the salt requirement per unit of
WO3. The higher salt requirement is largely due to the poor upgrading characteristics

. of the ore resulting in greater tomnage at lower W0y grade to the salt roast.

In light of these developments it seemed timely to prepare an order of magnitude
cost estimate of the Tasminex project. There was not a great deal of effort given
to this cost estimate as there seems to be some question as to the representative
quality of the samples used. The capital costs were derived by estimating
individual circuits in the process rather than from a detailed equipment list. (See
Table II) Milling costs were estimated from current requirements at Arkansas and

'Rifle and the mining costs were supplied by L. A. Wright. (See Table III)

Three probable routes were evaluated and are referred to as (A) whole ore roast, .

. {B) 50% of the ore (unoxidized portion) upgraded by magnetic separation, and (C)

same as (B) except the non-magnetic concentrate is subjected to further upgrading by
flotation. A proposed flowsheet incorporating all three alternatives is presented
in Figure 1. A calculated material balance for all threa routes (based on labora-
tory data) is shown in Table I.-

This estimate is summarized on the attached summary sheet and shows the follow=
ing estimated costs for the three routes proposed.

Cost per Unit WO., Recovered

Alternate “A" ' 844 .65
Alternate "B" 41.41
Alternate "C" 42.63

This indicates it is most economical to upgrade the unoxidized ore prior to
roasting (Alt. B). However, in this estimate 50% of the ore was assumed to be
unoxidized and this criteria has yet to be determined. The cost data also show
that the added flotation step is not economical.
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662015
Mr. L. P. Twichell -2- - ~ ‘September 25, 1972

These costs also indicate that a3 $50.00 per unit W04 value F.0.B. Tasma.nia,
would be required for this project to be v:.able. :

A number of factors, however, could 1nfluence these costs and produce a more .
attractive prospect. These include.

" 1. Increased plant capacity
2L§ Increased average ore grade by selective mining
- 3. Selectively feed ore amenable to upgrading

4. Trim this cost estimate. (I suspect there is an equal
chance that the cost would increase after a detailed

.. study.)

5. Improve metallurgy, i.e., decreased salt consumptiom,
alternate extracvtion techniques, etc.

I believe that this cost estimate shows the Tasminex project to be marginal.

I hope this information will assist you in your 1973 Tasminex programs.

Very truly yours,

R. G. Woolery E;

RGW/bsh
Attach.



Units W03 recovered per year
Overall WO3 recovery

Total Capital Required

TASMINEX PROJECT

SPECULATIVE COST ESTIMATE - SUMMARY

A

97,020
897

$6,000,000

B

87,450

80.3%

£
83,820

77%

$6,000,000  $6,700,000

Processing Costs — $ per unit WU3 recovered as synthetic scheelite (707 W03) '

Mining Costs

Mill Labor Costs

Salt Roasting
Other Milling Costs
Depreciation

Total cost per unit recovered

% ROI @ Various W03 Sales Values‘(ZDZ W03 - F.0.B. Tasmania)

@ $40.00 per unit WO3

@ $45.00
@ $50.00
@ $55.00

R | |

"

)

"

6.12 -

3.83

" 13.06
15.46

6.18

44.65

6.79
4.25
9.22
14.29
6.86

41.41°

5.2%

-12.5%
19.7%

3.0%
9.22 .
15.5%
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TABLE I
| TASMINEX PROJECT -
ALTERNATE PROCESSES ~ MATERTAL BALANCE
A B (1) . c()
3 W0, e Woq % W0,
Tons Units Rec. Grade Tons Units Rec. Grade Tons Units Rec. Grade |
.76/ . 0.76] 0.76/ |
6rind 500 330 - 0.56 500 330 0.56 .500 330 0.56
Mag. Sep. - - - - 250/ 140/ 74 1.65 250/ 140/ 74  1.65
- 68 104 68 104
" Flotation - - - - - - - - 68/ 104/ 86  15.0
. | - - | v - | 6.5  89.5
Roast 500 330/ 91 0.66 318 294/  91.5 0.93 257 282/ 92 1.13
| : 300 - 270 , 259
Leach . = . - 300/ 98 - - 270/ 98 - - . 259/ 98 .-
Product . - 204/ 89 - - 265/  80.3 - - 254/ 77 -

330 e . 330 330

(I)Code:

A = Whole Ore Roast
‘B = 50% of Ore Upgraded by Magnetic Separation :
C = 50% of Ore Upgraded by Magnetic Separation Plus Flotation



o

Grinding Circuit

Magnetic Separation Circuit
~ Flotation Circuit f

Pelletizi and Roast
Chemnical Plant
Finishing Plant

Total Equipment

Services

Eng. + Contingency
Inventory + Working Cap.

Total Capital

M Units Recovered per Year

TABLE IT
TASMINEX PROJECT
' SPECULATIVE CAPITAL COST
' 000's § Per Year
AL p{1) c(1)
1000 1000 1000
250 250
350
1500 1100 1100
500 500 500
500 500 500
3500 3350 3700
800 800 11000
1000 1150 1250
700 700 750
6000 6000 6700
97.02 - 87.45 83.82
56,18 $6.86 ' $7.99

Cost per Unit (10 yx. life) .

1 code

A = Whole Ore Roast

662019

B = 507 of Ore Upgraded by Magnetic Separatlon

C= 502 of Ore Upgraded by Magnetic Separation and Flotatlon




. | | 662020
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TABLE III

TASMINEX PROJECT

SPECULATIVE QPERATING COSTS

000's $ Per Year

MILLING COSTS | o oA - gD e
Labor | 372 ' 372 390
Fuel and Power 500 340 300
Salt (NapC05 + NaCl) . . 1267 . 806 _ 651
CaCl + Acid . 50 : 50 50
Misc. Supplies 200 . . 200 200
Maintenance Supplies : 250 - 200 220
Aux. Expense _ S ' : 500 500 500
Total Milling Costs B 3139 . 2428 o231

. Units Recovered per Year : 97.02 . o 87.45 83.82
Cost per Unit WO; Recovered 3235 27.76 27.57

MINING cosTs(2)

@ $1.80 per ton & l:1 strip ratio

$3.60/ton ore x 165,000 = - 59 594 . 594
- Cost per unit W03 recovered - ' : o 6.12 6.79 - 7.08
(LD eodes: -
. A = Whole ore roast

B = 507 of ore upgraded by magnetic separation '
C = 50% of ore upgraded by magnetic separation plus flotation

_(Z)Mining cost supplied by L. A. Wright




APPENDIX I
LABOR CosTs (1)
Category No. Yearly Cost
Supervisory 4 50,000
Operators 20 100,000 -
Shift Foreman 4 24,000
Maint. Foreman 4 24,000
Maint. Men 20 110,000
Instriment Men 2 12,000
Misc., Labor 4 20,000
Office 8 32,000
372,000
. SALT COSTS |

NayCO3 @ 160 Ib./ton @ $3.77/100 1b. = . $6.03/ton of Roast Feed

~KaCl @ 250 1b./ton @ $0. 66/100 1b. = - - _1.65/ton of Roast Feed

- Total Salt Costs = $7.68/ton of Roast Feed

cl)Operator wage rates reported to be $50 00 weekly ($60 U.S.)
orfv$3000/yr. .

. If accurate labor could be as low as $250,000/year

Telex L.A. Wright from D. L. Mathlas 9/11/72
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Hewever, when these reswlts are reviewed in light of our previous studies,
it seems reaczenable to conc ludw.

1. who black or ne a;ly bleck ores can be magaetically

separated inte a produci containing »>807% of tha

tungsten in 2 connentrate assay-~-3 times the head

analysis iu & concentrate representing ~307 of the
;Ueight.

"2, The scheelite in the Kara #1 ore can be floated into
a rvather high~grade concentrate providad the ove is
relatively unoxidized.

3. The highly oxldlzﬂd to modera Le;y oxidized ore is
not amenable to berefieiation and can only be '
economically recovered by salt roasting the whole
ore. . '

In & sepavate study, ths megnetic concentrate ores of varying degrees of
oxidation ware tested to determine if a cleaner step of low intensity magnetic
separation would clean the wmagnetic tails. These results- show increaqing success
with decreasing degree of oxidaticn. The results of this study show that a
0.27% magnetic vwaste product could ba reduced to a 0.21% Wiz maste with a con-~
centxate egsaying 4.28% W0y containiang 247 of the total tungsten contained in
the magnetic rougher product. Obvicusly, a flowsheet involving wagnetic separa-
tion should include a lov intensity magnetic cleaning stage.

his
until such
wors is st
of this wo
cs

tirate as

essentially cencludes our laboratory upgrading program on Tasminex

tinz as nore '"representative' sazmples are available.
ill in progress and 1s expected to be completed soon.
v, a brief summary report will be written including
to the probable economics based on thase studies.

Vury truly yours,

b Seolof

R- Go 1\00105.)

Some mineralogical
Upon completion
a revised speculate
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T ' _ Research § Development Department

P.0.Box 579, Niagara Falls, N.. Y
'September 13 1972

'MEMORANDLUM

—— — — i —— — ra— — ——

TO:. ~ Mr. R. G. Woolery -
CC: Messrs. E. E. Anderson
W. B. DeAtley
J. §, Fox
' ‘ D. J. Hansen
§ R &§ D File
FROM: N. L. Grauerhol:z
SUBJECT: _Recovery of Tungsten Values From Tasminex Ore Samples

(Tungsten Ore/Raw Material Processing)

'Summagx

The magnetic concentrate from the three Categories A, B, and C was
subjected to a dry, low-intensity hand magnet. The material with a low mag-
netic susceptibility was upgraded in WO, content, but on the more highly

oxidized surface composites the tungsten loss in the magnetic fractions was
still high.

Results and Conclusions'

The magnetic fractions from flotation test work on the three Composites
A, B, and C were subjected to a much lower magnetic field to produce a highly
magnetic and weakly magnetic product. These results shown in Table I reveal
that the tungsten has a tendency to concentrate in the weakly magnetic fractions.
The weakly magnetic fraction from Category C is interesting because of the high
tungsten content. Additional recovery by treating a magnetic fraction with weaker

magnetic field strengths is one possible method of producing additional tungsten
from the magnetic fraction of ‘the ore body.

Examination of the tungsten in the weakly magnetic mater1a1 revealed
that most of the tungsten was present as nonscheelite. This material probably
will not be amenable to additional upgrading by physical beneficiation but should
be recovered by the developed roast-leach procedure.

R , /i{r SLALT /gJJC/

N L Grauerholz Lj

NL&:rvg
Attach.

s g



Tasminex Ore Samples

Recovexry of W Values From

662025

-2- September 13, 1972

TABLE I

Tasminex Amenability Test
-Magnetic Separation
Category A, B and C

Sample: Sala Magnetic Concentrate From Original Ores .

Conditions: The magnetic concentrate from the Sala Laboratory
‘Magnetic Concentrator was subjected to the magnetic
field strength of a weak hand magnet.
with a low magnetic susceptibility was thus rejected
from the mass of the magnetite.

Results: . .

Product -

Highly Magnetic
Weakly Magnetic

Material

. Category A - Sala Magnetic Concentrate

Total Mags

Highly Magnetic
Weakly Magnetic

% Wt. .% WOz Dist.WO3

97.5 0.46 ' © . 91.7
2.5 1.62 - 8.3
0.0 D.45 - 100.0

10

Category B - Sala Magnetic Concentrate

Total Mags

Highly Magnetic
- Weakly Magnetic

97.3 0.28 89.0
2.7 1,22 11.0
100.0 0.31 100.0

Category C - Sala Magnetic Concentrate

_'Total Mags

98.5 0.21 76.3
1.5 4.28 23.7
100, 0 0.27 100.0

Ref. 1910-42
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- a . ' Research & Development Department
e P,0,Box 579, Niagara Falls, N. Y.
September 12 1972

M E‘M ORANDUM

- — et e iy w— e — — —

TO: Mr. R. G. Woolery//

CC: Messrs. E. E. Anderson
W. B, DeAtley
J. §. Fox

] D. J. Hansen
¥ R&§DFile

FROM: N. L. Grauerholz

SUBJECT: Recovery of Tungsten Values From Tasminex Ore Sa;ples
(Tungsten Ore/Raw Material Processing)

®
' Summazx

Flotation tests on the oxidized and unoxidized subcomposites from _
Category C have shown the unoxidized subcomposite to be more amenable to flota-
tion than the oxidized subcomposite.

_ Flotation of the unoxidized subcomposite, however, was not as good as
expected and is believed to be due to a substantial fraction of nonscheelite
tungsten. The concentrate grade and recovery from the two samples under similar
conditions are:

Cleaned Flotation Concentrate

% Wt. % WOz Dist. WOz
Oxidized Subcomposite 11.3 - 2.94 27.6
Unoxidized Subcomposite 5.2 19.1 73.0

. - Samples

The two subcategories from Category C used in compositing the oxidized
and unoxidized fractions for flotation testing are shown in Table I. These sub-
categories were assembled to show the effect of oxidation on flotation grade and

. recovery. Unfortunately, the larger portions of the samples were originally com-
bined into the three Categories A, B, and C. Only small fractions retained for
mineralogical examination were available for the subcategories.

Processing

Combined magnetic separation-flotation tests were conducted on the sub-
categories from Composite C to determine the relationship between magnetite and
its oxidation products- hematlte and goethlte and to the form of tungsten minerali-
zation present.



6 20;«;’
Memo Re Recovery of W Values :
From Tasminex Ore Samples -2- _— September 12, 1972

Oxidized Subcomposite

A 1,000-gram test charge was ground to minus 100 mesh. The magnetic
fraction was removed with the laboratory Sala Magnetic Separator and the nonmag-
netic fraction was subjected to flotation. The conditions and results of this

' test are shown in Table II. These results show the magnetic iron fraction and

flotation rougher tailing carries substantial tungsten. The presence of
scheelite was detected in these fractions by U,V. light but not in the amount
shown by assay. The losses were predominantly in the nonscheelite form. Two
cleaning steps to increase tungsten grade did not produce an acceptable concen-
trate. i Recovery was also poor.

Unoxidized Subcomposite

The unoxidized ore from Category C was blended into a composite for
testing purposes. The procedure used was identical to the procedure used on the
oxidized ore. The results, as shown in Table III, were different, Grade and
recovery were raised. Grade improved from 2.94% wo; to 19.1% WO3. Recovery
improved from 27.6% to 73.0% of the total tungsten.

The largest loss of tungsten in the unoxidized ore was in the magnetic
fraction where the tungsten losses were 17.7% of the total tungsten. The rougher
tail still contained 0.57% W03, but represented a loss of only 7.2% of the total
tungsten. A closely-panned concentrate from the rougher tails was examined undex
the U.V. light and revealed insufficient scheelite to account for this high
tungsten loss.

: Categogz C

The test results for Category C are shown in Table IV, These results
are for comparison to the results shown for the oxidized and unoxidized sub-
categories. The concentrate grade at 28.6% WOz is higher than the 19.1% WOz con-.
centrate shown for.the unoxidized ore concentrate but recovery is less. The
results on the unoxidized ore show a slgn1f1cant1y ‘better .recovery.

Results and Conclusions

A comparison of the results from the tests for the oxidized and
unoxidized subcategories from Category C show that the unoxidized ore has:

1. Lower WOz in magnetite.

2. Lower WOz in flotation rougher tailing.

3. Higher grade and recovery in flotation concentrate.

4. Higher pH values during test with same reagent quantities.

The losses in the magnetic fraction continue to appear to be related to
the degree of oxidation of the magnetic fraction. The greater the oxidatjon the
greater the tungsten loss. The unoxidized subcategory while significantly lowexr

in goethite and hematite still contained some oxidized iron mineralization.
Tungsten losses in the magnetic fraction were not lowered to a great degree by
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Memo Re Recovery of W Values
From Tasminex Ore Samples : -3- September 12, 1972

finer grinding of the magnetic fraction or by attrition scrubbing or magnetic
recleaning. The close association of tungsten with the magnetic fraction in-
dicates that some of the nonscheelite tungsten are associated with minerals other
than goethite and the earthy forms of hematite.

The tungsten losses in the flotation tailing fractions are extremely
high. The distribution of this loss between scheelite and nonscheelite tungsten
is not known but is believed to be mostly in the nonscheelite form. A previous
sample, Drill Hole 102/3, produced a flotation rougher tailing of 0.14% WO3
compared to the 0.57% WOz produced on the present unoxidized subcomposite from
Composite C, : o

The pH of the natural ore appears to be a function of oxidation. The
more highly oxidized ore has a more acidic pH. This trait might possibly be
used in conjunction with color differences to determine the amenability of the
ore to beneficiation. The iron oxides can vary widely in color within the same
. mineral species and in all cases may not be indicative of the degree of oxidation.

Additional test work is planned to detérmine the relationship of pH to
beneficiation on a select group of some remaining. individual drill hole samples.

0.4 Swdil/

N. L. Grauerholz

NLG:rvg
Attach.
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. TABLE 1

Tasminex Ore Samples
Subcomposites From Category C
Drill Hole Location

? .
Oxidized Subcomposite C k _ ' | Unoxidized Subcomposite C
Drill Hole Footage - Drill Hole Footage
D112/8-14 2243 | . pnizyszeal  97-114.5°
® © D112/28-36 28-97" D115/27-43 o 77-124
D115/22-26 63-77' - . D113/48-50  205-220°
'.RTH1/2412‘ . 3320 - pris/i19-21 50-571
D109/19-21 se-65'  RTHI/I13-18 - 32-56"
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From Tasminex Ore Samples - September 12, 1972
. TABLE II
Tasminex Flotation Amenability Test
.i .. Magnetic Separation - Flotation Concentration
' ' Category C - Oxidited Subcomposite
Sample: 1,000 Grams 8-Mesh Ore
OR-586
. | B — Conditions
Time ) Reagenfs,_Lb./Ton of Original Feed
Min., . pH Ca0 Na,C0z  Nap5i0z NFA
Grind = = 17 8.0 0.5 =
Cond. 15 8.1 ' 1.0 1.0 ~ 0.5
R. Flot. ' 15 . _ 1.5 (staged)
Cl. Flot. No. 1 5 8.1 0.5 :
Cl. Flot. No. 2 5 - 8.6 0.5
Results
% Wt. ' ‘% W0 Dist. WOz

Mag Conc. . 67.1 0.61 34,1
R. Tail , 12.9 1.91 20.5

Q@ o il 5.9 2.390 oy 117

_ Cl. Tail No. 2 2.8 2.58 . 6.1

Cl. Conc. 11.3 - 2.94 27.6
Calc. Head - 160.0 1.20 . 100.0
Actual Head (1) ' 1,17
Flotation Feed : 32.9 - 2.40 65.9

. Ref. 1910-50
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TABLE 111

Tasminex Flotation Amenability Test

Magnetic Separation - Flotation Concentration

Category C - Unoxidized Subcompasite

1,000 Grams 8-Mesh Ore
OR-586

662031

September 12, 1572

'fRe§5§nts,‘tb!/Ton’of'Ofiginal Feed

Mag Conc.

R. Tail

Cl. Tall Ho. 1
Cl. Tail No. 2
Cl. Conc.

- Lalc. Hsad
Actual Head
Flotation Feed

ey

"' Sample:
Time
. Min. -~
Grind 17
Cond. 15
R. Flot. 15
Cl. Flot. No, 1 5
Cl. Flot. No. 2 - [

- 25.7

* Analytical results not available -

Conditions
pH Cal NayC0z
8.4 0.5 |
9.1 S 1.0
: g . 1 .
3.9
8.6
Results
% Wt.
74.3
17.1
2.8
0.6
5.2
100.0

§§28103

oo

NFA

0
1

.5
.5 (staged)

Dist. WOz

1

[om <= BRI o8 QR |

7.
7.
1.
0.
3.

7

100.0

82.3

“Ref. 1910-48
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Grind
Cond.
Cond.
R. Flot.
Cl. Flot.
Cl. Flot.

Mag Conc.
R, Tail
Cl. Tail N
Ci. Tail N
1. Conc.

Calc. Head
Actual Hea

662032
covery of W Values _ _ '
nex Ore Samples = -7- September 12, 1972.
TABLE IV
‘ Tasminex Flotation Amenability Test
Magnetic Separation - Flotation Concentration
Category C - Composite :
Sample: 1,000 Grams §-Mesh Ore
: OR-586
Conditions
“Time ' Reagents, Lb./Ton of Original Feed
Min. pH - Ca0 Na,COz Na,Si0z NFA
17 0.5
20 11.0. 6.0 ‘
5 10.9 - 2.0 _ 2.0
, iz ' 10.9 0.7
No. 1 5 10.7 0.06
No. 2 5 ' 10.3 No Reagents
Results
% Wt. | ' % W0y Dist. WO,
70.3 .29 18.4
19,0 1.11 19.0
o. 1 6.7 1.49 9.0
0. 2 2.1 2.29 _ 4.4
1.9 28.60 49.2
. 100.0 1.1 100.0

a 1.02

Ref. 1010-22
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WINING AND RIZY .Qa..S Di‘uia!ﬁ"& - . ' P. 0. B0X 579, NIAGARA FALLS, NEW YORK 14302
(Namel Mr, J. A. Straczek : Dats Sept.lll, 1972
viden  Mining & Metals Division ' o _
<aten  Union Carbide Corporation Oviginaling Dapt. Research and Development Department

270 Park Avenue . ‘ : o o

New York, Kew York 10017 : Answerlng lutter dats
svta  Messrs. A.W. Heuck/L.A. Wright Seblect Tasminex Project

Analytical Procedure
B
Dear John: ,

During your recent visit we discussed with Hugh O'Hear the possibility
In

of using the portable isotope analyzer as a tool in tungsten exploration.
particular, we asked Hugh to determine its potential with respect to the

Tasminex tungsten ore, This investigation has been completed on 14 samples of

ore and the results are con_alned in the attached memorandum.

I would conclude from these data that a P.I.A. unit would be most
helpful in your exploration program in Tasmania because this instrument can
determine tungsten content independent of the tungsien mineralogy. This,

of course, is based solely on Kara #1 samples but it is reasonable that the

curve would apply to the other ore locations with similar accuracy and, if
necessary, a suiitable curve could be made for each of the major tungsten
-occurrences in the regloﬁ.

Should you have any further comments or questions on this subject,
we will be glad to answer them.

Very truly yours;

‘ ‘LC,
R. G. Woalery

RGW/bsa
Attach.
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Research and Development Department

P.0. Box 579, Niagara Falls, N.Y.
September 8, 1972 - -

TO: Mr. H. F. Wendt

COPIES: Messrs. N. L. Grauerholz
D. J. Hansen

. § C. M. Offenhauer
. D. H, Traufler
R. G. Woolery’/,
R. & D. File
FROM:  H. J. O'Hear (3)

SUBJECT: Portable Isotope Analyzer - Tungsten
(General - Analytical Lab Reports)

A portable Isotope Analyzer has been used to determine control values in
the Tempiute Pilot Plant operation (Niagara) and to analyze solutions from extraction
studies of Bishop Organic. Chemical separations have also been used to extend the
capability of the analyzer to a variety of diverse materials and analytical ranges
by first eliminating interferences and then concentrating the tungsten values.

Interest has been expressed in use of the analyzer to determine tungsten
content of various -exploration samples and also to delineate ore samples of the
Tasminex operation.

For exploration samples and ore bodies in general, the most efficient
source-filter combination - and the one least subject to elemental interferences -
uses Co-57 to excite the sample, with Tm and Er filters to isolate the resultant
W (K<) X-rays. Because of the high exciting energies involved, however, a relatively
constant thickness of sample is required for the best analytical results. On the
other hand, samples with particle sizes ranging up to approximately 8 can be tolerated.

While no specific conclusions can be drawn regarding exploratlon samples
without actuallyevaluating similar specimens, previous work on the Tempiute Pilot Plant
samples - where gross variations in matrix were encountered - indicates the possibility
'of collec»ing meaningful data. However, while analysis at low levels is possible,

atrix effects can be severe and at low levels are always a source of uncertainty.
THa uitimate usefulness of the instrument in this application will undoubtedly relate
directly to the experience of the operator.
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Memo re Portable Isotope Analyzer - -2 : September 8§, 1972
Tungsten : B

*

Fourteen Tasminex head samples ranging in composition from 0.36% to-
1.50% WOz were counted on the analyzer and the '"counts' plotted against chemical
values. Twenty gram samples were taken for the analyses and the "counts" represent
the net counts between the two filters for 30 seconds, and are average values for
5 measurements. The results are plotted in Figure 1.

Eight Tasminex head samples identified as oxidized and unoxidized,(-100M)
and (-8M) ore were also counted in the same manner and plotted against the chemical
values of'Ehe corresponding analytical samples (-100M). The values are shown in

where they are referenced to the calibration curve previously drawn
(Figure 1). The one major variance from the curve could, and probably does, represent
a valid chemical difference between the sample measured and the sample taken for
chemical analysis.

As previously noted, sample thickness can influence the measured intensity.
when using Co«57 to excite the sample. The following table relates sample weight

-and thickness of -100M Tasminex Ore to variations in analyzer counts.

TABLE I
Samgle :
: - ' Net Counts/
Weight (g.) S ‘Thickness (ir.) =~ 15 sec.
5 - 1/8 , | 452
10 - 174 _ | 549
15 3/8 A 610
20 o 1/2 663
25 5/8 680
30 _ 3/4 663 -

With analytical samples weighing in excess of 20 g. and with particle sizes
of 8IxD, analyzer counts can be related to the tungsten contents of Tasminex Ore bodies
within the precision noted. An increased precision is possible with longer counting
times, if necessary. '

While operation of the analyzer would probably be more reliable using the
Tm and Er filters as indicated, it should be noted that, of several Tasminex samples

tested, the matrices appeared to be sufficiently similar that a calibration curve could
be drahn for use of the analyzer without filters.

HIQ:et
Attach,
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Research and Development Department
Niagara Falls, New York
“August 30, 1972

MEMORANDUM

—— o E e d— e o s e i

TO: Mr. R. G. WooleryV//

. COPIES: ;Messrs. N. L. Grauerholz

D. J. Hansen
R. & D. File

FROM: R. Vedova

SUBJECT: Amenability Studies on Tasminex Tungsten Ore

(Tungsten Ore/Raw Material Processing])

Summary
Amenability studies on Categofies A, B, and C indicate that:
1. Tungsten values presént as scheelite can be easily recovered.
2. Nonscheelite tungsten values cannot be recovered by basic fatty
acid or amine flotation practices, or by electrostatic methods.
3. WOz losses in the magnetic fraction can be reduced to-15%
with careful treatment. :
Discussion

Preliminary amenability studies were carried out on the three Tasminex
composites - Categories A, B, and C. Category A is an oxidized surface ore with
little visible scheelite. Category B is an oxidized ore showing significant visible
scheelite. Category C is basically an unoxidized ore having most of its tungsten
values as scheelite.

Because Category C was primarily scheelite, it was investigated first
using & basic fatty acid procedure. The magnetite was removed first, using a bar
magnet, and then cleaned and washed several times. The nonmags were then subjected
to an amine float to remove the hematite. This product was then cleaned, using
NaySi0z to depress the scheelite. The fatty acid float was then carried out using
a mixture of naphthenic acid and oleic acid (NFA) as a collector. Nay(0z and Naj3S5iOz
were added as modifying agents. NapCOz and NapSi0; were also added to the two cleaning
steps. The results are attached. : '
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Product % Wt,
W0, Concentrate 4,33
" 2nd Clr. Tail = 2.79
1st Clr. Tail 1.78
Rougher Tail 13.20
Mags +400 M 36.62
Mags -400 M 24.70
Mag Scavenger 1.17
Fe,04 Concentrate 0.71
Fep03 Clr. Tail : 4.69

2 -
% W03z % Dist.
9.82 45,85
-1.12 3.37
1.98 3.80
1.30 18.50
0.18 7.11
0.20 7.48
1.82 2.29
1.26 0.97
2.10 10.63
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Although the WO, losses in the magnetite were kept relatively low, the

rougher tail was high.

Since no visible scheelite remained in the rougher tail,

it must be assumed that this WOz was in the form of tungstite or some other non-
flotable tungsten mineral.

Because of the high, nonscheelite tungsten losses, it was decided to test
~ the effect of scavenging the rougher tails with amine type collectors. Three tests
were run varying the conditions under which the different amines were tested.

The first test simply investigated the effect of different amines under

the prevailing basic pH conditions.
the acidic side for flotation.
before the amine flotationm.

In the second test, the pH was depressed to
Test 3 was carried out with a conditioning step
Gallic-acid, which complexes the WOz anion of a basic

pH, was added to the conditioner. The results from these tests follow.

Test

Product

1

Conc. using Dodecylamine
Conc. using Amine Sulfate
Conc. using Amine Acetate
Nonfloating Material

Conc. using Amine 220
Conc. using Amine Sulfate
Nonfloating Material

Conc. using Dodecyamine
. Cone. using Hydroxylamine
Hydrochloride
Nonfloating Material

% We,

e I
b1 O win

31.1
35.5

33.4

= O

o
O = O

D
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v
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=N

% Dist.
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Amine flotation was also carried out on Category B, but the Tesults
were much the same as with Category C.

Some testing was also carried out on the electrostatic separator, using
Category A as the feed. Although some separation was noticed, particularily in
the mags, it was not sufficient to warrant further testing along these lines. The
results for the electrostatic unit were:

- Product % Wt. % W0, % Dist.
¥ Magnetic Conductors 3.02 0.38 1.18
Magnetic Nonconductors "1.51 0.96 0 1.49
Magnetic Conductors (Scavenged) 24.77 0.35 8.92
Magnetic Nonconductors (Scavenged) 1.02. .97 - - 1,02
- Magnetic Middlings 29,36 0.44 - 13.2
‘Nonmag Conductors - 0.57 . 1.74 1.02
Nommag Nonconductors : 0.88 1.57 1.7%
Nonmag Conductors (Scavenged) "1.55 1.50 2,40
“Nonmag Nonconductors (Scavanged) - 1.28 2.88 3.80
Nonmag Middlings 4.77 2.15 10.54
Mags 400 M x D 12.44 0.56 7.16
Nonmags 400 M x D _ 18.81 2.45 47.39

At this times the ore is being re-categorized into more deflnlte oxidized
and unoxidized categories. No further work is being planned until those samples
are available, '

L \otm

R. Vedova

RV:et
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RUDIG AND LMETALS DIVISION ..

TerNems'  Mp, L. P. Twichell o Date

Divivien Mining & Metals Divisiom R '

lacatian Union Carbide Corpor&tion - . Orlginating Dept. Research and DEV@’OPIH&.‘DI Department
270 Park Avenue . : S ‘
New YOI:C, Yew York 10017 . Answering letter date

Cosvts  Messrs. A. W. HEuckl/// : ' Sobloct Mineralogy and Petrology of

J. C. Stephenson Tasminex Drill Holes

§ M. Stern

Dear Lew:

Attached is en Interim Report on the Mineralogy and Petrology of Tasminex
Drill Holes by Ed Anderson. At least in the samples sent to this laboratory, it
t. is beceming evident that the bulk of the non-scheelite tungsten is present as a
tungsten-bearing goethite. This has been supported by optical, X-ray, and micro=-
proba studies. Additicnal probe work is in progress and we expect these results
to confirm our current data.

The studies have also shown the intimate intergrowth of the goethite and
heratite with the magnetite which accounts for the high magnetic tail we got
from the magnetic separation of samples A, B, and C.

_ It has been speculated that a better classification of ore may be on the
basis of color rather than scheelite estimation. TFor this reason we are further
separating Sapple € into oxidized gnd unoxidized ore, the former being yellow-
brown and the latter being essentially black. Beneficiation studies will be
conducted on esch portion to detexmine amenability to upgrading. These results
should be available in about one month. '

Very truly yoﬁrs .

R. G. Woolery
RGW/bsn
Attach.

C RECEIVED : '
U, C- n-l\: ‘.O&ATION CCRP. . ' . '

AUG 151972
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Research and Development Department
Mining and Metals Division - UCC
Niagara ¥alls, New York
" August 7, 1972

MEMORANDUM

TO: Mr. R. G. VWoolery

COPIES: §R- & D. File
Messrs. W. B. DeAtley
J. 5. Fox
¥. L. Grauerholz
D. J. Hansen

- FROM: E. E. Anderson

SUBJECT: Mineralogy and Petrology of Tesminex Drill Hole Samples'-
An Interinm Report -

SUMMARY

The drill hole samples received from the Kara property are being
studied both in composites and as individual samples to produce mineralogic and
. geociaemical characterizations adequate for definition of ore types and design
~of beneficiation circults. To do this, it is highly desirable to incorporate

into our study as ruch of the geologic data as are available and to develop an
understanding of the geologic processes that have controlled ore emplacement
and redistribution.

From interpretation of the samples and information received to date, 1t
would appear that efficient beneficiation dictates a twofold classification. One
ore c¢lass contains only scheelite as the ore mineral, the other class may contain
scme scheelite, but alsc has significant tungsten values in an as yet Gﬁaefined,
non-scheelite form. A method of discriminating these two classes in the Field
is suggested on the basis of color, ultraviplet fluorescence, and tungsten con-
tent.

~ Optical, X-ray, and microprobe studies indicate that the non-scheelite
ore contains tungsten-bearing goethite (and possibly hematite). The intergrowth
of this material with magnetite will make liberation difficult.

DISCUSSION

The crushed residues of the Tasminex drill hole samples referred to by
R. T. Brandt in his letters of May 3, 1972 to McPhar Geophysics Pty. Itd. and
H. J. Henze were received at the Niagara Falls laboratory June 8, 1972. One
quarter of each sample was split out for detailed mineralogic and related studies,
while three guarters of each sample were combined for beneficiation test work,
into the three categories indiecated in Brandt's letters. The mineralogy and
petrography of these composites are also being studied. The objectives of these
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Memo re Mineralogy & Petrology of | L=2- " August Y, 1972
: Tasminex Drill Hole Samples- _
An Interim Report

studies are to develop mineralogic, petrologic, and geochemical characterization
of the Kara tungsten deposit in hopes of indicating the geoclogic processes that
have affected ore emplacement and alteration and the distribution of primary
(unoxidized) and secondary (oxidized) ore types. Such information should be
useful not only in the development of beneficlation schemes for the various ore
types, buit also for estimation of ore reserves and to guide further exploration
on the Kara and. adjacent properties as well as similar depositsS wherever they
may be encountered. : '

i To achieve these ends, five basic techniques are being employed. (1)
The optical microscope is being used in both reflected and transmitted light

- modes for the qualitative and gquantitative identification of the mineral phases

present. (2) Similarly X-ray diffraction technigues are being used for more
positive but less quantitative identifications. (3) The electron microprobe is
beling used to determine the distribution of elements in the various mineral
species. This is particularly useful in charting the location of the tungsten

in variously oxidized samples. (4) Separation of the various mineral constit-
uents by magnetic, gravity, and hand-picking methods is also in progress. ‘These
mineral concentrates facilitate phase identification, and chemical analyses of
the various fractions indicate which constituents contain the tungsten values.
(5) Both guantitative and semigquantitative chemical analyses of sample sets also

. indicate changes related to the geologlc processes that have affected tungsten

distribution and migration.

To date, our investigations have concentrated on optical, X—ray,'and..

"chemical analyses of the three composite "head" samples and various magnetic

separates of these, and X-ray and chemical (spectrographic) analyses of the
individual samples from drill hole D115. This drill hole suite was chosen for
detailed study because it appears to be the most completely sampled hole re-
celved in Niagars Falls.

The optical examination, particularly of samples containing the finely
crystalline (earthy) goethite, was delayed while techniques for impregnation and
polishing of this material were developed. The normal sample preparation methods
used in the Niagara Falls Metallographic laboratory did not produce the flat
surfaces necessary for either optical examinations or microprobe analyses of
intergrowths of the earthy goethite and the other constituents. Our present
technique for the preparation of these recalcitrant subjects is still not
optimum but did well enough to permit.jhe photomicrographs in this report.

These sections have not yet been examined on the microprobe to verify the non-
schealite occurrence of the tungsten in the oxidized material. As can be seen

in Figures 1-6, 9 and 10, goethite has replaced magnetite-hematite intergrowths

in material from all three category composites. Incipient alteration of magnetite
to hematite commonly along crystallographic directions is present in even the
least oxidized specimens examined (Figures 7-9). In contrast, goethite is very
minor in the least oxidized samples. Here I am referring not to all of the
composite C material, but to the portions of it that are least oxidized and

core samples previously received (B102/3). '
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M2me re Mineralogy & Petrology of -3~ ' August 7, 1972
Tasminex Drill Hole Samples-
An Interim Report

. Table I shows the approximate mineralogic composition of composites
of categories A, B, and C material. Actuzl values are probably within'5 or
109 of those reported. As indicated in the table, magnetite (Fe30y), hematite
- {Fep03), and goethite (HFeOp) are the principal constituents, with minor but _
. significant amounts of scheelite (CaWC3), vesuvianite fCalO(Mg,Fe)gAluSi9O3h(OH)A£
ani diopside (CaMgSioOg) being noted in composite C. Trace amounts of sthelite
vere noted in composites A and B by ultraviolet fluorescence (see Tables II and
II1), but were not sufficiently abundant for detection by X-ray diffraction in
the_kﬁfd samples. Quantitative analyses for ferrous and ferric iron as well as
severdl other elements, and semiquantitative spectrographic analyses for the
three composites are given by N. L. Grauerholz in his memorandum to R. G. Woolery
dated July 20, 1972. If we assume that all of the ferrous iron in the three
composites is in the form of magnetite (this is a valid approximation), the
analyses for the composite head samples indicate enough ferrous iron for 33%
nmagnetite in A, 21% in B, and 46% in C. The remaining ferric iron would be
present -as hematite and geethite. These magnetite values appear to be somewhat
low in comparison with that indicated by X-ray diffraction (Table I). Vhen time
parmits, optical modal analyses will also be made for comparison, In any event,
both rethods indicate that composite B contains less magnetite than composite A.
Or simply more of the iron in B is oxidized than that in A.

1t would appear that the breakdown of scheelite is not entirely
coincident with the alteration of magnetite.to goethite since scheelite is
dzcidedly more abundant in B than in A, although the iron in B is more completely
~oxidized than in A. The question remains, does all of the goethite contain
" tungsten? A preliminary microprcobe analysis indicates that tungsten in iron
mineral{s) from the Bl pit sample ranges up to about 25%. The identification of
~the iron minerals was uncertain dve to the poor polish of the sections. For the
same reason, tungsten values are questionable. It is hoped that study of new
sections of the three composite samples will soon resolve these problems.

Preliminary flotation results of composite C material by N. I.. Grauerholz
(re letter of 7/20/72 to R. G. Woolery) indicate that on the order of 30-40% of the
tungsten in this composite is not recoverable by a scheme designed to float
scheelite. This would seem to indicate that composite C as presently defined con-
tains significant values in a form that is not scheelite. To date, all test work
to physically concentrate the tungsten in the composite C sample has resulted
in prohibitive losses of tungsten in tailings products. This is in contrast o
previous work on truly unoxidized or only incipiently oxidized samples from the
Kara deposit which appeared to be quite amenable to magnetic, gravity, and flotation
techniques. ' '

That the category C constituent samples contain various proportions of
the iron oxide minerals magnetite, hematite, and goethite is also evident from
their colors. Tables IT and III are logs of all samples received in Niagara Falls
from drill heles D112 and D115. Listed in the leg for each sample are color
designations according to the Rock-Color Chart distributed by the Geological
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Memo re Mineralogy & Petrology of “l- August 7, 1972
Tasminex Drill Hole Samples-
An Interim Report .

2ty of America, aud relative scheelite abundance as determined by visual
mate under ultraviolet illumination. - The other drill hole samples dvailable
n iliagara Falls are currently being logged in a similar manner. On the basis
color, the category C samples have been segregated into those that are
relatively oxidized and those that are relatively unoxidized. For the purpose
cof this classification, a distinction was made between the lighter tan, brown,
or yellow colors and the darker brown to black ¢olors. The colors of the more
oxidized samples include light brown, 5 YR 5/6, and moderate brown, 5 YR 4/h.
Colors of the less oxidized samples include moderate brown, 5 YR 3/4, grayish
brown, 5 YR 3/2, dusky yellowish brown, 10 YR 2/2, and dark yellowish brown 10
YR /2 and 10 YR 3/2. The lighter brown to yellow colors are usually due to
the presence of gosthite. This has been checked by X-ray diffraction for darill
holes D112 and D115. A sharp decrease in goethite and an increase in magnetite
occur between samples 36 and 37 in hole D112. An increase in magnetite and a
decrsase in hematite occur between samples 20 and 21 in hole D115. Coethite
does not diminish markedly in hole D115 until sample #2lk.

Soni
sti
L

[

[

i
i

[}

I find that the picking of a boundary between relatively oxidized and
unoxidized zones is a subjective thing and can best be accomplished by a com-
binetion of observing the color of the dry crushed rock, the amount of
fluorescent scheelite, and to some extent depth of sample and sequence of colors
down the hole or a distinct color change. The strongest indicators appear to be
the color change in combination with s high scheelite to tungsten ratio. The

_ problem here is that the visual estimation of scheelite, at least in the crushed

samples we have recelved, is highly subjective.

At this writing I am still not absolutely positive as to the nature of
the form of the secondary tungsten cccurrence. I still favor the idea that some

“or all of the goethite and possibly some of the hematite are carrying the tungsten

in the oxidized zone. This should be resoclvable by the impending microprobe work.
If we assume that goethite is the secondary tungsten mineral, we must examine the
provlem of liberating it from the magnetite before magnetic separation. TIrom
Figures 1-6, 9 and 10 we can see that the liberation of the secondary tungsten
mineral {goethite) from the magnetite may require extremely fine grinding.

It would appear that only the strictly unoxidized ore will he amenable
to significant physical upgrading (other than removal of magnetite). This will
regquire discrimination between ore with scheelite as the only ore mineral from
that containing significant amounts of non-scheelite ore.

From these textures and from the early work of N. L. Grauerholz on
magnetite removal, it would appear that the magnet needs to be adjusted to
remove only the highly magnetic particles. That is, only the liberated
magnetite. It would be far better to have some magnetite in the roast feed
than to lose much tungsten in the magnetic product.

| /5/’/ @?[é&(/‘?{ |

EFA:ms o E. E. Anderson
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TABLE T

Mineralogic Composition of Tasminex Composites
by X-Ray Diffraction of the Head Samples

Composite per Cent

' Qategory Magnetite Hematite Goethite
A 55 : 35 10
B . 45 45 10

o 70 25 5

*Per cent magnetite in "C" is by difference and in-

cludes less than 5% each of scheelite, vesuvianite,

and diopside (7).



TABLE 1T

HQIED].IBLOE{" 662[\{-,‘_,
Sample : S
No. Depth, ft. N.F. N.B. No. %W Scheelite Abundance Color
.1—3 0-9 Not Received -
b 9-12 1903-9-77 0.61 Essentially no scheelite Moderate brown 5 YR 4/k
5 12-16 -78 0.43 " " " " . "
6 16-19 ~79 0.74 " " " " " "
7 1g9.22 Not Received 0.71
8 22.25 -B1 1.7 Moderate scheelite " " "
9 25.28 -82 0.33 - Sparse scheelite ‘Moderate brown 5 YR 3/L
10 28-31 ~-83 0.68 Moderate scheelite " " "
11 31-34 -84 0.87 " v " " " -
12 3437 -85 0.86 " " Moderate brown 5 YR 4/4 - 5 YR 3/4
13 37-ko -86 0.59 " " n " " s
14 40-43 -87 0.50 " n " " " u
15-27 | Not Received
28 78-81 -88 0.72 8parse scheelite Moderate brown 5 YR 3/4
29 81-84 -89 0.88 " " Moderaste brown 5 YR 4/4 - 5 YR 3/4
30 8y-87 -90 0.81 " " Moderate brown 5 YR 3/4
35 87-89 . -0 Q.52 L " Grayish brown 5 YR 3/2
31 89-91 -92 0.65 " " . “ "
32 91-93 -93 0.69 Sparse - moderate scheelite " s "
33 Not Listed -~165 Very sparse scheelite Moderate brown 5 YR b/h
34 Not Listed -166 Sparse scheelite Moderate-light brown 5 YR 4/4 -~ 5 YR 5/6
36 93-97 ~ok 1.22 Moderate scheelite " n n 1 n
37 g7-~100 -85 1.39 Abundant scheelite Moderate brown 5 YR 3/
38 100-103 -96 0.27 No scheelite Pale brown 5 YR 5/2- .
39 103-107 ~97 0.11 Sparse scheelite gusky brown - dusky yellowish 5 YR 2/2 - 10 YR 2/2
. rown
ho 107-111.5 -g8 0.78 Abundant scheslite Grayish brown 5 YR 3/2
by 111.5-11k.5 -99 Moderate brown 5 ¥R 4/L - 5 YR 3/

0.5 Abundant scheelite




TABLE TTT

662048
Hole D 115 Ieog
Sample : ‘ : ' : -
No. Depth, ft. N.F. N.B. No. %W Scheelite Abundance Color
1-4 0-12 Not Received
5 12-15 1903-9-103 0.47 Essentially no visible Moderate brown 5 YR b/L
_ . _ : scheelite '
6 15_18 ._1014 0.57 " 1] it " " i
7 18-21 -105 0.74 " o " " n
8 21_2[‘[ .__106 . -1;61 I n n " " t .
9 24-26 =107 1.14  very little scheelite, one Moderate brown 5 YR /4 - 5 ¥R 3/4
- o or two grains
10 27-30 .-108 o.g4 v - " " " y o
11 30-33 ~-109 0.64 " @ " n " " " n
12 '33-36 -110 0.43  Cbvious increase in scheelite " ik m "
. S from above '
13 35-39 -111 0.51 About like 12 - " " " v
14 . 39-h2 -112 0.70 " noon " " " n
15 ha-bs -113 0.81 " v " " " "
16 L5418 -114 0.88 ngewhat'less scheelite than Moderate brown Predeminantly 5 YR L/L
12-15 " tr
17 48-51 -115 0.73 About like 16 " L n "
18 51"51“ -116 0.72 " " " " " n "
19 5[+ __57 _117 0. 148 ] L] " n 1 3| "
20 57-60 ~118 0,54  Slightly less scheelite than " " " “n
16-19 o
21 60-63 -119 0.49  Somewhat more scheelite than " " n n
20, like 16-19
22 £3-66 -120 - 0.47  About like 21. Slightly Moderate brown 5 YR 3/4

darker brn. than 23-26



TARIE TIT (Continued-2)

662019

Sunple _ '
No. Depth, ft. N.F. N.B. Noe, %W Scheelite Abundance Color
23 66-09 1903-9-121 0.55 Scheelite definitely more Moderate brown 5 YR 3/
abundant - moderate '
2k 69-72 -122 0.68 Very slightly more scheelite " " "
than 23
25 72-75 -123 0.68  About like 2k . " .
26 75-T7 ~124 0.63 n 1t ] n ] "
27 77-79 ~125 0.47  Abundant scheelite Dusky yellowish brown 10 YR 2/2
28 79-51 -126 0.67 Abundant scheelite Dusky yellowish brewn 10 YR 2/2 - 5 YR 2/1
. | ’ to brownish black
29 §1-8Y -127 0.22 Much less scheelite than Dark yellowish brown 10 YR 4/2
o 27 & 28, about like 23 .
30 8L -87 -128 0.76  Abundant scheelite " " " 10 YR 3/2
31 87-90 -129 0.91 " " oo " 10 YR b/2
32 90-93 ~130 0.249 " " 1" n " "
33 93-96 -131 0.27? .Abundant scheelite, mega- 10 YR 3/2
scopic pyrite intergrown with-
megnetite & transparent silicate
34 96-99 -132 1.23 More scheelite than 30-33 Dark yellowish brown 10 ¥R U/2
35 99_102 _133 3.12 " . 1 . " 1" n 1
36 102-105 -134 0.42  Much less scheelite than “ " " - "
34 & 35 but moderately abundant
3? 105_108 _135 0‘21 n n 1 St " 1t n 1t
38 108_111 _136 0. Ll'l 1t " " n n n " "
39 lll"llh _137 0.26 n H 1t n " f " "
340 llh-ll? : _138 O.Ll6 A " 1 1" n " ] ]
]41 117_120 _139 0 .he? i " ] 2} R | 1 " ) 1t .
42 120-122 -14o - 0.84 " " " " Grayish olive - dark 10 YR 4/2 - 10 ¥R 4/2
: brown ' ~
L3 122-12h ~1h43 0.47 " " " " Mederate yellowish brown 10 YR 5/4
<a
7 ® ®
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] | U. C. EXPLORATION CORP. :
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fofName! iy, L. P. Twichell \ SRt August 1, 1972
Pivhitan {ining & Metals Division g o
arution Union Carbide Corporation ;!'-_‘_ R -~~-.-;‘-~«i:::.:::i::'ﬂ." 2 Research und Duvelupment Doepurtment
270 Park Avenue ' .
New York,.New York 10017 ; Ancworing lattar dote
F o
i -..(! .
Cosvte . Mogssrs. A. W. Heuck (2)’4;1;»“-E-V 1 seblent Tasminex Project
J. C. Stephenson © ¢ Evaluation of Samples A, B, & C
M. Stern : )
Dear Lew:

Attached are the laberatory reports pertaining to the physical upgrading
and salt roast amenability tests conducted on Samples A, B, and C as submitted
. by UCEX. The samples represent theoretical degrees of oxidation from Sample A
which coatains very iittle scheelite to Sazmple C which is predominantly scheelite ot
not necessarily unoxidized ore.

The results showed that Sample C is amenable to magnetic separationm,
Sample B is probably satisfactory but questionable, and Sample A would probably
- lose too much WOg in the tails to be econocmically attractive. We have arbitrarily
.set 0,30% WO, as a cut-off point for tails as this is our "“best guess" now as to
what Ievel of tungstcnh can be econmomically treated by salt roast.

Both gravity and flotation methods were tried on all three samples and it
is apparent that Samples A and B would not be amenable to beneficiation.
Sample C showed promise by both gravity and fletaticn to the extent that the
scheelite responded quite faverably. However, the nonscheelite content was sufi- /
ficiently high in this perticular sample that overall szlectivity, particularly
recovery, would not permit either practice on an ore as rvepresented by Sample C.

Salt roast amenability tests showed that this means of recovery is good
for all samples and is virtually independent as to the form of W05. Tungsten
. ‘recoveries of 91-94% were cbtained on all samples and could probably be improved
with zdditional optimization studies. Salt vroast chemical costs are estimated
at $3.30 per unit of W03 for feeds of 1.0% Wo4 or greater. There is some
indicatioen, however, that the cost may esqﬁlate significantly at grades lower
than 1.07 WO05. '

This study has showt the significant ianfluence of degree of oxidation on
the physical beneficiation of the ore. Further, it appears that every effort
should be made to cncure at least a 1.07 W04 feed to the mill. Our current pro-
gram will be directed at examining unoxidized ore as to its amenability to upgrading
techniques. We expcct to separate the oxidized and unoxidized portions from
Sample C and study these independently. These twe fractions will be selected on
s A Lrels o ""-r":') .J/'dw'/:mfw:

: o ] .,
Sy frrr reed 5 '.v-«y’...-ra/am- ‘s /0”-‘"::;'/-‘: .
St T gyerinih s masie 07 Sime
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Mr. L. P. Twichell e ‘ . . August 1, 1972

a basis of observation as to the oxidation state of the predominate iron minerals.
The black pulp samples will be combined as the unoxidized ore and the brown-—
reddish pulps will be combined as the oxidized portion of Sample C.

The next laboratory report will be issued upon the completion of the

. above study.. _ :

Very truly yours,

’ e sotny
S _ R, G. Woolery

RGW/bsn
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TO: Mr. R. G. Woolery”
. COPIES: R. & D. File
Messrs. E. E. Anderson -
W. B. DeAdley .
[ N. L. Grauverholz :
D. J. Hansen
FROM: J. 5. Fox
SUBJECT: Recovery of Tungsten Values from Tasminex Ore Samples
SUMMARY

Samples of three types of ore were received Irem the Tasminex ore
Catecory & contained dominantly non-scheelite tungsten ore, Calegory
while Category C
contained dominantly scheelite ore. Amenability tests were made on splits from
each type of ore using -8 mesh materials or -100 mesh materials for the tests.

deposizt.

These ore samples were magnetically treated by fThe Minerals Beneficiation
Group under the supervision of Mr. . L. Grauerholz. The upgraded concentrates

from 2ach ore type were then tested for thzir amenadbilily toward the NaECO -EaCl
roast-water leach process. These tests were made on the -8 mesh and the -10C

mesh concentrates.

The results obtained showed that all of the cores tested (0.71% to -

1.10% ¥03) were amenable to the HepC02-HaCl roest-water leach process. Using
8% HapCO3 and 12% NaCl in the l-hour Toxsts at 900°C., from 9279 to 93% of the

tungsten values was solubilized Jrom the-I100 mesh materials. Slightly lower
solubilizations of 88 to 89% Wi3 were cbtained when -8 mesh moterials were em-
ployed.

When the concentr
that zocd tungsten solubilizatic
cenzr:t & preduvced from the threz
to furthzr grind the -8 mach concs

Trom esch ore tynﬂ ware tested, it was Tound
T Jsere gbiained rrom the con-
r2 types. It appaara tnat it is not necces

i fzined from either Category A or
-

N Q'l

O
'_.J
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ot
O
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:.
:

3Sary
B

< = el
since t 100 mesh materials were no more amensble o thu HepCl03-IlaCl roast-
weter lﬂa»h Process *hqn the -3 mash materials. With Cztegory T, better resulis
wer2 cbtained on the -100 mesh materisls These results ware obtained in 1-
0= a2

hour roasts at 900°C. using 1295 to 155 Na
ra

F=1
lons with 24 to 3% Kall. The
chericzl costs for roasting these concent (

2% to 2.?97 HWi3) rangad from
l—hour roast at DJS C.
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Based on all of the experimental data obtained to date, the following
chamical costs have been estimatad based on direct roasting of Categories A and
B &nd roasting the concentrate from Category C.

: ' ' . Ppt. Costs
% Yield NaoC0, Usage Costs/Unit NaCl Usaze Costs/Unit $/Unit WO '
re After #/Unit WOy W03 at $35  #/Urit W03 WO, at at 3¢ per” Total Cost
.Grade Roast Ext. per Ton Ext. ' $7.70/Ton ~# W, $/Unit W3,
: wd P
0.7 93 ohl L.27 36k 1.29 0.60 - 6.16
1.0 92 164 2.87 144 0.51 0.60 3.98
Conce. . _ _
Grade _ _
% | ' : : ,
2.5 93 146 2.56 196 0.70 0.60 3.86

Further tests may show that this cost may be slightlj reduced since the
minimum amount of Na2003 or NaCl has not been established.

DISCUSSION | ' | o

Since the last memorandua on July 7, 1972, experimental work was continued
on the recovery of tungsten valuses from the oven-dried non-magnetic portion of a
tungsten composite of surface andi subsurface ore using a constant amount of LaCl
and verying amounits of HapCO3 in the roast. This sample was prepered by the
Minerals Beneficiation Group of our Leboratory under the supervision of 1{r. §. L.
Grauerholz. ITn addition, amensbility tests were made on three groups of ore
sarmples which were recently received from Tasminex. These three ore szmples wers
labeled (1) Catezory A - which is dominantly a non-scheelite ore, (2) Category
B - which is a mixed ore of schecslite and non-scheelite, and (3) Category C -
which is dominantly scheelite. These sempies were divided in the described groups
by Mr. R. T. Brant, Regional Geolozist from the Australia and New Zealand

 Explorstion Company. Each group was split and ground to give a -8 mesh ore sample
‘and a -100 mesh sample. . ' '

A magnetic separation was made on portions of each of the described six
samples by the linerals Beneficiztion Group. Amenability tests were than mades on
each of these six magnetically upsraded sezmples.

1. Effect of a Constant Amount of Fall and Varying

Amounts of IHzp(033 in th2 Roast on Amount of |
Tungsten Solubilizaticen

In th2 previous memorandum of July 7, 1972, exc2llent tunzsten solubili-
x 2 ? ]

: r i
zation was obtained on a Tasminex concentrate (2.43% Woz) by roasting for 1 hour
2 3 &

idls
at 900°C. using 36% HaCl and & or 123 MapCO3 (g./100 g. concentrate). A test

‘wzs mezie as described except the LapC0y was reduced to 5%. he conditiens and

results of these tesis are shown in Tsadle I. These resulés show that poor tungssen
solubilization occurs (approximately 2%) when the N25004 usage is too low. Tuese

I
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~r2sults dlso show That the pH of the agueous leach solution drops from 11.7 to
6.1 by reducing the HazC03 from 8% to 5. Thus, it appears that for this con-
eentrate, more than 55 I22C03 is required but ot more than 8% Na2C03 zlong
with no more than 395 NaCl is reguired to solubilize 97% of the tuncst=n values
by the NaplO3-NaCl roast process.

2. Amensbility Tests on Tasminex (Qre Samples

Six samples of TasminsX ore sannles were received from the Minerals
Beneficigtion Group Ior Mz 2003-Iaul roast amenability tests to solubilize the
tungsten’values by a subseguent water leach. As previously mentioned, these
ore szmples were divided into three catlegories as follows: Category A which is
dominantly a non-scheelite ore, Category B which is a mixture of scheelite and
non-scheelite ore, and Category C which is dominantly a scheelite ore. Xach
group was ground to -8 mesh and sampled. The chemical analyses of these samples
are shown in Table IT and the spectrographic analyses in Table III. A screen
analysis of these samples is shown in Table IV. BSamples of each of the -8
-mesh ore groups were ground to -100 mesh.

Bach of the above six samples was roasted for 1 hour at 900°C. with
8% WepCOgy 2long with either 129 or 2Lb'NaCl. These conditions were employed
since th&y gave the best resulis in previous tests on other Tasminex concentrates.
The conditions and results of these tests are shown in Table V. The following
results show: | - '

" Category A

Increasing the NaCl from 12% to 24% in the 8% NapCO3 roasts shows ver;
little increase in tungsten solubilizaticn (1ess than 1%)

A comparison of tungsten solubilization of the -8 mesh ore with the _
-100 mesh ore showed that a smell increase of approximately 3% was obtained by
grinding the ore to -100 mesh.
The above results show that good solubilization of 92% was obtained
from Category A using 8% NapCO3 along with 129 NaCl in the roast. To achieve
these extractions, 8.2 pounds of NapC03 and 12.2 pounds of NaCl were employed
per pound of WO; solubilized. The chemical costs Tor these reagents based on :
$35 00 per ton Ior NasCly and $7.10 per ton for NaCl would be approximately 19¢
“per pound of WO3 solablllzed. ‘ .

Catezory B

These tests show that increasing the NaCl from 12% to 24% in roasts.
containing &% RapC33 increased tha tungsien solubilization very little. In-
ereaesing the mesh size from -8 mesh to -100 mesh increased the tungsten solu-
bilization from 899 to 93p These tests show that good tungsten solubilization
was obtained on this low-grade ore (0.71% W03) using 12.2 pounds of NasCO3 and
18.2 pounds of HaCl per pound of W03 solubilized.  These chemical costs would
be sbout 28¢ per pound of W03 solubilized. ' - :
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Category C

Increasing the NaCl from 129 to 24% in the 8% NapC03 roasts shovs

very little increase (approximaizly 1%) in tungsten solubilization of the -1CO

esh samples. Increasing the mesh size from -8 mesh to -100 mesh increased
the W), solubilization epproximately 3% when 8% NapCOg with 12% NaCl was em-
ployedTin the roast. These results show that good tungsten solubilization was
obtained using 8.9 pounds of NapCO3 and 13.4 pounds of NaCl per pound of W03
solubilized. These chemical costs would be approximately 20¢ per pound of W03
solubilized. '

3. iAmenability Tests on Tasminex Hon-lagnetie Concentrates

Magnetic separations were made on each of the three category samples
using -8 mesh samples in one case and ~X00 mesh in the other. These six samples,
upgraded by the Minerals Beneficiation Group, were given amenability tests. 1In
these tests, 8% to 18% NayCO3 was employed along with elg, to 36% HaCl in the
roasts which were made with a l-hour retention time at 900°C. The conditions

and results of these tests are shown in Table VI.

-Category A

In the roasts ol the non-magnetic fraction of Category A, increasing
the mesh size of the ore frem -8 mesh to -100 mesh did not increase the tungsien
solubilization when 12% NapCO3 and 35% KaCl were employed in the roast. In each
case good tungsten solubilization (94%) was obtained. Increasing the amount of
NapCO3 to 16% along with 36% Mall increased the tungsten solubilization to 95.7%
vhen tThe -8 mesh material was rcasted. VWhen the amount of NanC0q was reduced to
8% in the sbove roast with 38% LFall, the tungsten solubilization drcpped sharply
to 56%. The pH of the leach licucr also droppad sharply to 7.0 compared to a pH
of 11.1 when 12% NayCO3 and 36% Hall were employed in the roazst. To achieve G
W03 extraction (Test 2, Teble VI), 5.9 pounds of NapCO3 and 17.8 pounds of FaCl

-wefe employed. These chemical costs would be approximately 17¢ per pouni of W03

extracted baseid on NaQCO3 at $35.00 per ton and NaCl at $7.10 per ton.
Lategory B
_ In the roast of the -8 mesh material, good tungsten solubilization (94%).
was obtainsd on the -8 mesh concentrate when 123 Na2C03 along with 385 NaCl was
employed. When the amount of NapC03 was décreased to &85, the tungsten solu-
bilization decreazsed (78%). Ko increase in tungsten solubilization was ootained

by roasting the -100 mesh ore with 12% NepCO3 containing 35% NaCl (comparsz Tesis

7 and 9 in Table VI). To obtain the 9%% W03 sclubilization, 10.5 pounds of
Na2C03 ani 32 pounds of NaCl were employed per pound of W0, extractei. Thess
chemical costs would be about 307 per pound of W0z solubilized. Tests with iz,
NapCO3 and lower amounts of FaCl in the roast shotld be made if lower costs are
required at this stage of developmant.
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Category C

In these tests, a fairly good extraction of 93¢ was cobtainsd using 189
NapCO3 and 2b% NaCl in the roast. With lower amounts of NapCO3, a decrease in-
tungsten solubilization was obtained in roasts of the ~100 mesh material. Vhen
8% NapCO; and 36% Nall were employed in a roast of the -100 mesh material, only
12% W03 was solubilized and the pH dropped to 6.8. .

9.8 pounds of NaCl per pound of Wi, extracted. These chemical costs would be
about }7¢ per pound of W03 solubilized.

To obtain 93% W03 solubilization, it required 7.3 pounds of NapCO3 and

In all cases so far, it was noted that when the pH of the leach solution
is low (below 10), a decrease in tungsten solubilization occurs. This may indicate
‘when a deficiency in the amount of_Na2C03 oceurs in the roast. )

Q. 4T

' eroms ,. N _- \ . {8+ Fox
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TABLE I.
Effect of a Constant Amount of NaCl
with Various Adaitions of Naol02 in Roasts
of Tasminzax Ore Concentrate
on Tungsten Solubilizstion in Subseguent Water Leach
'.? | | (xNon-Mag fraction (2.k3% W03)
. Roast Conditions: (900°C. .
(1 br. _
(36% NaCl (36 g./100-g. Saumple)
. : NapCO3 ’ Wo3
_ Addeda . 7 in pH -
“Pest % or % Wo3 Tails of W03 Material
No. g./100-g. Sample Extracted % Filtrate Balance
1 12.0 . 97 0.08  10.9 . 83
2 8.0 97 0.08 1.7 95
3 . 5.0 . . 1.6 1.91 6.1 97

: '*Non—magnetic fraction of surface and subsurface Tasminex ore composite



TABLE II

Chemical Analyses
of Various Tasminew Ore Samples

(Supplied by HMineralsBeneficiation Group)

Found in Per Cent

i Category A Category B Category C
' : Dominzntly Mixed Schselite - Dominantly
Sought Non-Scheelite and Non-Scheelite Scheelite
- WO3¥ - 1.05-1.07 0.68-0.71 0.97-1.10
8i0p k.18 . 4.03 9.29
Fet™ 7.82 5.19 ©10.56
Fettt 52.5 55.57 45.96
Ca 0.06 0.13 1.99
Al 1.7 1.68 1.67
. Cu 0.068 . 0.05h 0.063
. Pob 0.056 0.037 0.013
~ Zn 0.067 0.075 0.053

*Samples of the -8 mesh ore and the -100 mesh ore werc each
~analyzed for W03. These results are elsc shown in Table IIJ,
along with the amenability tests of each sample tested.
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. TABLE III )
Spectrogravhic Analyses
of Various Tazminex Orz Samples
(Supplied by Minerals Beneficiation Group)
i ‘ Range in Per Cent

' -Category A Category B ~ Category C
-~ Dominently ' Mixed Scheelite Dominantly
Sought - Non-5cheelite and Non-Scheelite Scheelite
. Al _ G.2-2.0 0.2-2.0 0.2-2.0
' Be 0.000k-0.00k © 0.0008-0.008 0.001-0.01
BL 0.02-0.2 0.008-0.08 0.02-0.2

Ca .  0.008-0.08 0.01-0.1 0.08-0.8

Cu 0.03-0.3 0.02-0.2 0.02-0.2

Fe Major Major Major

¥g . 0.02-0.2 0.02-0.2 0.08-0.8

Mo 0.03-0.3 0.03-0.3 0.03-0.3
Mo - 0.008-0.08 0.004-0.04 0.004~0.04

Ni - 0.002-0.02 -

g 0.02-0.2 0.02-0.2 0.01-0.1

Si 0.2-2.0 0.2-2.0 0.3-3.0

Sn 0.0k-0.4 0.04-0.4 0.04-0.4
Ti ' 0.02-0.2 0.01-1.0 . 0.008~0.08
W 0.4-4.0 0.3-3.0 0.3-3.0

Zn 0.008-0.08 0.008-0.08

0.008-0.08
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TABLE IV

Sereen Anzlyses of Samples
of Coarse Ores from Tasminex Daposit

(Supplied by Minerals Beneficiation Group)

- Per Cent Retained on Screen

© Category A Category B Category C

_ Tyler Dopinantly Mixed Scheelite Dominantly

~ Mesh Size Non-Scheelite and Non-Scheelite Scheelite
-8 + 10 1.90 1.k0 3.96
T .10+ 1k 3.07 - 1.75 4.05
<14 + 20 6.95 3.29 7-79
-20 + 28 9.38 4,05 8.36
-28 + 35 10.38 6.24 9.85
-35 + I8 1ll.22 10.64 11l.54
-8 + 65 9.60 11.68 10.59
-65 + 100 8.29 12.70 - 9.67
T=100 + 150 6.85 11.by 7.63
~150 + 200 5.76 - 9.6L 6.30
~-200 + 270 3.10 5.00 3.32
-270 + 400 3.53 - 5.13 _ 3.51
-400 19.97 17.07 : _l3.h3
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TABLE V
Anerability Tests on Various Tesminex Ores Using NopCO3-NaCl
as Roastinp Reapents to Solubilizn the Tunrsten Va3ues in the Subsequent Weter leach
- ' _ ‘ (Tasmlnex ‘ore samples as shown
) Constant Roast Conditilcns: (%00°C. for 1 hr.
: ‘ {KapCO3 end NaCl as shown B
: . P
% WapCOy Added NaCl Added - W04 K04
Cntepory W03 %, Based on #777HO3 ~4 Based on i W04 Contént Moteilel
Test  Desipnue 3R Mash  Somple WL, or in ¥y WOy  Sample W, or in it Woq o wo3 of pH of Ralance
o, tion Sumple Size g./JOO *, Ore Sample Extrocted g;/LOU (. Ore  Bample rxtructLd Fxtrneted Tniln Flitrate o
1 A 1,05 BM 8.0 7.6 8.6 '12.0 11.4 12.9 Ba.N 0.17 19,2 95
2 A 1.09 -8 8.0 7.6 8.5 2h.0 22.9 25.6 89.5 0.11 12, 102
3 A 1.07  -100M 8.0 7.5 8.2 - 12.0 .2 12.2¢ 91.8 0.087 L7 102
b A i.07 -l00M 8.0 7.5 8.1 2h.0 22.4 2h.3 92.2 0.082 11.7 100
5 B " 0.63 M1 8.0 11.8 13.3 12.0 17.6 19.8 88.8 0.08 a.h e
6 B 0.68 . -Bn 8.0 11,8 13.1 2.0 35.3 39.1 - 90.3 0.0 h.3 Jon
7 B 0.71 -1ooM 8.0 11.3 12,2 12.0 16.9 18.2 02.8 0,052 11.9 o)
8 B 0.71 ~-100M 8.0 11.3 12.1 24,0 33.8 36.1 93.5 0.0L6 11.8 93]
9 ¢ 1.11 -8 8.0 7.2 8.1 12.0 10.8 12,1 £9.2. 0.12 11.0 72
10 C 1.11 -84 8.0 7.2 T.7 2h,0 21.6 23.1 - 93.% 0.07 _ 0.8 &5
11 c 0.97 -looM 8.0 8,2 8.9 12,0 12.4 138 0 92,6 - 0,07 11,0 B3
12 ¢ 0.97  -100M 8.0 - 8.2 8.8 2L .0 24,7 26.3 93.6 - 0.06 11.0 - 9k
- I
KON ® ®
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TABLE VI

~ Amenobility Testr on Various Tasminex Upgrsded Concentrates Produced from Tosminex Ores
Using NapCOq-NaCl as Reapents to Solubilize the Punpasten Values in the Subsequent Water leuch

{Tosminex Concentrates as shown
Constant Roast Conditions: (900°C. for 1 hr.
. (NogCO3 2nd NaCl as shown

o 9
N 4 , NnpCO7 Added . NaCl Added ‘ _ WOo3 Woy
Cotegory WOy % Dased on ##/1F WOq ¢ Rascd on it WOy content Mater
Test Desipgno- in Mogll  Somple Wt. or  in I3l WOy  Smmple Wt. or in #/H woq 4 WO ol' pll of Balane
Ho, tion - Gample Size g./loo'n.COnc. Sample Extractid g./lOO r.CQone, Sample Exbractéd Extrucfed Tails Tlltrate %
1 A 2.15 ~8M . B.o 3.7 6.7 36.0 16.7 30 55,8 0.79 7.0 ik
2 A 2.15 -Hy, 12.0 5.6 5.9 36.0 16.7 17.8 ol.o 0.1h 11.1 93
3 A 2.15 =G 16.0 7.h T ©36.0 16.7 17.5 99.7 0,046 11.3 111
b A 1,88 -1004 8.0 h.3 7.2 36.0 19.1 32 £60.0 0.67 7.4 Yl
5 A 1.88  -loou 12.0 6.4 é£.8 36.0 19.1 20 93.6 0.12 11,2 103
6 B 1,22 -84 8.0 6.6 8.5 36.0 29.5 38 77.7 0.26 - 10.7 92
i B l.22 -8 12,0 9.8 10.5 36.0 29.5 32 953.6 .00 1.9 105
8 B 1.17  -lo0M " B.0 £.8 8.4 36, 30.8 38 80.5 0,23 10.1 104
9 B 1.17  -1004 12.0 10.3 11.1 36.0 30.8 33 92.5 _0.09 12.1 107
10 c 2.79 ~8n 8.0 2.9 27 36.0 12.9 119 10.8 - 1.71 6.0 8l
11 ¢ 2.19 -8M 12.0 4.3 i.9 36.0 12.9 14.8 g§7.2 - 0.37 " 10.1 ?
12 c 2.73 -84 1.0 6.5 7.9 2L .0 8.6 32 - 82.0 0.h3 ' 10.5 ?
13 c 2.63  -lood 8.0 3.0 26 36.0 13.7 128 11.6 . 2.05 - 6.8 1056
14 C 2,63 -100M 12.0 4.6 ©q.3 36.0 3.7 21.9 63.0 - 0.93 7.2 o3
15 ¢ 18.0 6.8 7.3 25.0 9.1 0.19 11.0 ?

2,63 -~louM 9.8 92.8
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Research and Development Department
P.O. Box 579, Niagara Falls, N. Y.
July 20, 1972

MEMORANDUNM -

— — — e — — — —

TO: Mr. R. G. Woolery,’//
- COPIES: yessrs. E. E. Anderson
. W. B. DeAtley
J. 8. Fox
. D. J. Hansen
R § D File
FROM: . N. L. Grauerholz

SUBJECT: Recovery of Tung§Len Values from Tasminex Ore Samvles

Surmary
PRSFEERENI——

- Tasminex core residues were received from UCEX and composited in the
suggested following categories:

Category A: Oxidized surface ore - little or no visible scheelite
Category B: Oxidized ore - significant visible scheelite
Category C. Unoxidized ore

Magnetic, gravity, and flotation tests have been conducted on the three
sawples The magnetic separation tests indicate that tungsten losses in the

oxidized ore zones is appreciable but are ‘reduced with flner ‘grinding. Gravity
separation tests did not produce an acceptable concentrate and losses in the table
middling, sand,and slime fractions were high. Flotation Tesults on the oxidized ore
were poor. The unoxidized ore, Category C, produced a good concentrate but the
tailing still contained more than 1% WO.. Most of this loss was in mnonscheelite 12

indicating that oxidation is prevalent éven in the deeper ore zones.

Samples Received

The three categories for the latest samples submitted were described
as follows:

'Category A - Dominantly tungstite - little or no visible scheelite
Category B ~ Mixed scheelite and tungstite '

~ Category C - Dominantly scheelite
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Some overlapping of samples occurred within the categories. The extent
of this overlapping and the relationship of the form of tungsten occurrence and.
its relaticnship to the iron mineralization will be presented in more detail in

' a separate report.

The individual samples comprising each category were combined as
described by Mr. R. T. Brandt's letter of May 3, 1972 to McPhar Geophysics Pty. Ltd,
The samples of each category were sampled by riffle splitting out one-guarter of
each sa:ple. The remaining three-fourths portion was combined into the designated
category. 3The bulk samples of each category were crushed to minus 8-mesh, mixed
and split into 1,000-gram test charges for laboratory testing. The quarter fraction
of each sample was retained as originally received for mineralogical examination.

The head sample of each category was submitted for chemical analysis for -
03, $i0p, Fe**, Fe™**, Ca, A1, Cu, Pb, Zn. A spectrographic analysis of each
sample was also made. The results of these analyses are shown on Data Pages 1 and 2.
These results show Category A is deficient in calcium to form Cal04. The calcium in
Category B is tied up in other mineralization to some extent to give a deficient
calcium content. The calcium content ‘of Category C is sufficient to satisfy the
calcium content for the tungsten values to be in the scheelite mineral. The amount ///"
of tungsten as nonscheelite in Category C is unknown. :

The ferrous and ferric iron ratios show the degree of oxidation in the
three samples. Category B shows more iron in the form other than magnetite than
coes Category A. The reason for this variation is unknown. With the assumption
that all the ferrous iron is from the magnetite, the three categories contain
excess ferpic iron fs hematite, [Iimonite goethlte and other iron minerals as follows:
, ner 1ron
\-_.-J)'zfn /na‘/&f’;} e ,g,)h}
e

R T LT —
¢ o3 y / ] A J e
/,nﬂ’ ﬁ"'ﬁ/fvv i Ratio of Fe0:Feq0z in Magnetite Compared to Ore
W 1“' ’(. ’ . }f’l )

v v L :
'};ﬂ,}} j,:ﬁ* ' ';,1 #4 Category A Category B Category C
q[,f/{/,y " ore ‘ 1:6.7 1:10.7 1:4.4

¢ ’
‘\’ Magnetite ' 1:2 1:2 _ 1:2

Mineralogical studies are under way to determine the relationship between
magnetite, hematite and goethite and the connection with the form of tungsten
mineralization. i - :

The screen analyses of the minus 8-mesh feed for the three categories are
shown on Data Pages 3, 4, and 5. The tungsten distribution shows that a discard
product cannot be ma de bv size qepa*atlon.
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The losses of WOz in the magnetic fraction are high and a series of
magnetic separation tests here Tun with a finer. grind at 100-mesh to determine
if these losses could be alleviated to some degree. The finer grind allowed
the test to be conducted with the Sala Magnetic Separator without hand magnetic

“removal. These results are condensed as follows:

Minus 100-Mesh Head Ore Magnetic and Nonmagnetic Fraction

. WO3

$ % Wt, % W0- % Dist.
Category A - Magnetic Fraction 59.82 -~ 0.42 24,19
Nonmagnetic Fraction 40.18 1.96 75.81 .

' ©100.00 1.04 100.00

Category B - Magnetic Fraction 53.57 0.28 21.78
Nonmagnetic Fraction 46.43 1.16 78.22

100.00 0.69 100.00

~ Category C - Magnetic Fraction 69.07 0.25 17.19
Nonmagnetic Fraction 30.93° 2.69 - 82.81

100.00 1.00 100.00

These results show the drop in tungsten losses in the magnetic fraction
with finer grinding. The finer grind liberates more nonmagnetic material and lowers
the tungsten losses in the magnetic fractiom.

Flotation

Each cateégory was subjected to flotation of the nonmagnetic fraction.
A 1,000-gram test charge was ground to minus-100 mesh. The magnetic fraction was
removed with the laboratory Sala Magnetic Separator and the nonmagnetic fraction
was sub;ected to flotation.

The magnetic separation-flotation tests on each of the three categories are
shown on Data Pages 9 through 14, attached. These results show that the magnetic iron
fraction and rougher tailing carries substantiazl tungsten. The presence of scheelite
was detected in tliese discard products but not in the amount shown by assay. The
losses were predominantly as tungsten in the nonscheelite form.
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Tasminex Ore Samples ‘ ;

- Gravity Concentration

A table test was conducted on each of the three categories as shown on
Data Pages 15 through 17. Minus 48-mesh head sample was subjected to a magnetic
separation step to remove the high specific gravity magnetite as a separate
product to make the table separation of the scheelite less difficult. The magnetic
product was also tabled to determine if a substantial portlon of the scheelite was
free or locked with the other minerals.

The slime losses in the nonmagnetic fraction was extremely high in all
three catgoorles indicating the extremely fine nature of the scheelite present.
The nonscheelite fraction in the ore also had a tendency to concentrate in the
slime fraction. The scheelite content of the slimes as determined by U.V. light
was much less than the tungsten content as determined by assay. The slime fraction
in the treatment of the magnetic fraction also showed a high tungsten content.

i

Recommendations and Conclusions

The Categories A and B are not amenable to treatment by gravity concentration ’/[
or flotation. Category C contains an appreciable zmount of scheelite recoverable by
flotation. _A 28.6% W03 concentrate at 49.2% recovery from the total ore was obtained.

The recovery based on feed to flotation was 60.3%. The losses in the rougher tailing
which assa\ed 1.11% W0z was not scheelite as determined by the U.V. light. This

category also contains tUdgsten in a form other than scheelite that is probably
unrecoverable by flotation.

Additional tests to lower the tungsten losses in the magnetic fraction by °
finer grinding will be conducted. The degree of additioaal tungsten recovery by
finer grinding is unknown but it is believed that some improvement can be obtained.
The rejection of a low tungsten content magnetic fraction is desirable for any further
concentration as the tonnage to any subsequent treatment steps will be reduced by

vapprox1mate1y two- tthdS.

A previous ore, Sample Drill Hole 102/3, produced a magnetic fraction that
contained only 0.035% WOz when ground to 100-mesh. This rejection of magnetite
was very good, when compared to our present Category € ore where the W03 content
of the magnetic fraction was in the 0.25-0.32% W0z range. The losscs of tungsten
in the magnetic. fraction vary widely. It is belleved that the tungsten content
of the magnetic portion of “the ore boav is controlled by the degree of oxidation
present in that portion of the ore body., Additional tests are under way to determine
if this is true., If oxidation is the controlling factor that causes tungsten losses.
in the magnetic fraction, a much finer grind will be necessary for liberation. In
this case grinding will only be effective if the nonscheelite tungsten is assoc13ted[
with the goethite-hematite phases of the ore body. If some of the nonscheelite
tungsten 1s associated with the magnetite, grinding will not be effective.

Removal of the magnetite as a product low in tungsten will accomplish tht !
con51derab1e upgrading and make subsequent operations rore ec01om1cully attractive. r’}yg}

‘ Ef /S-?ff_,{,uwi"-a/{

N. L. Grauerholz . - ﬂj

NLG:et
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Data Page 1
Tasminex Ore Samples
OR-586 Drilihc{}.e's‘amle Residues
Chemical Analvsis
'5'
: Sample Category A Category B Egngory C
- Assay _
o | % %0, 112 0.74 1.02
_. | 510, 4.48 4.03 9.29
Fe't . 7.82 ' 5.19 10.56
peTTT . s2.50 55.57 45.96
Ca 0.06 0.13 1.99
Al 1.71 © 1.68 1.67 —
‘Cu ©0.068 0.054 . 0.063
‘Pb 0.056 0.037 - 0.013
n © 0.067 ©0.075 0.053
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| 662068
‘Data Page 2
fasminex Ore Samples
 OR-586 Drillhole Szﬁnle.ﬂesidues
Spectrogranhic Analvsis
$ Values in % on Sarnle Basis
Samble Category A Category B Category C
Material
Al 0.2 - 2.0 0.2 - 2.0 0.2 - 2,0
. Be 0.0004 ~ 0.004 0.008 - 0,08 ¢.001 - 0.01
B 0.02 - 0.2 10.008 - 0.08 0.02 - 0.2
Ca 0.008 - 0.08 0.01 - 0.1 0.08 - 0.8
Cu 0.03 - 0.3 0.02 - 0.2 0.02 - 0.2
Fe M M M
Mg 0.02 - 0.2 T 0.02 - 0.2 0.08 - 0.8
Mn 0.03 - 0.3 0.03 - 0.3 0.03 - 0.3
Mo 0.008 - 0.08 0.004 - 0.04 0.004 - 0.04
Ki - 6.002 - 0.02 -
D Pb 0.02 - 0.2 0.02 - 0.2 0.01 - 0.1
Si 0.2 - 2.0 0.2 - 2.0 0.3 - 3.0
Sn O;Ej_:-O.d | E;Ei’: 0.4 q;gf—: 0.4
Ti 0.02 -~ 0.2 0.01 - 0.1 0.003 - 0.08
N 0.4 - 4.0 0.3 - 3.0 0.3 - 3.0
Zn 0.008 - 0.08 0.008 - 0.08 0.008 -0.08
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Mesh Size

(Tylead Series)

Data Page 3

Tasminex Category A Ore Sanvle

Minus 8-Mesh Head Sample

Weight

%

10

14

20

28
35
48
65

100

150

200

270

400

-+

X

Total

8
10
14
20
28

35

48

65
100
150
200

270

400-

1.90
"3.07
. 6.95
9.328
10.38
1n.22
$.60
8.29
6.85

5.76

3,10

{21.305

(39.49)
(12.61)

( 6.63)

97 (19.97)

- Assay
% W0«

0075

0.69
0.88

1.05

2.03

1.01 {Calc.)

1.12 {(Actual)

July 20, 1972

662060

Distribution
% W0,

15,69

' 26.76
10.90
6.84

 39.81

1060.00
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Tasminex Qre Sznoples .
- 6620750
Data Page 4
Tasminex Catecorv B Ore Sample
Minus S8-Mesh Head Samnle
i
Mesh Size o feight ~Assay | | Distribution
{Tyler Series) . - % - % Wo3 % WO<
+ 8 |

8 x 10 ' 1.40

10 x 14 | | 1.75.

14 x 20 | 3.29

20 x 28 4.05 (10.49) 0.62 ' 9,08
26 x 35 k‘ 6.2¢4 | | |

35 x 48 10.64

48 x 65 1168
.65 x 100 12,70 (41.26) ©0.54 31.12
100 x 150 11.41 .
150 x 200 9.64 (20.05) . 0.52 - | 115,29
200 x 270 | -5.00

270 x 400 . 5.13 (10.13) 0.99 14.00
400 x D : 17.07 07.07) T L2s . 30.51
Totalr

100.00 0.72 (Calc.) IOO.UQ"

0,74 (Actual)
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;
Mesh Size

{Tyler Series)

10
14
20
28
35
48
65
100
.150
200
270

400

+

x .

X

Total

B

10

14 -

20

28

35

48

65

Data Pé;c 5

- 10 -

Tasiinex Caetegory C Ore Sample

- Minus B8-Mesh Head Sample

¥e

ight

]

3.96
4.05
7.79
8.36
9,85

11.54

10.59
9.67
7.63

-6.30
3.32

3.51

13.43

100.00

(24.16)

(41.65)

(13.93)

{ 6.83)

(13.43)

Assay
[N

% .03

0.85

0.98

10,80

1.48

1.00 (Calc.)

1.02 (Actual)

July 20, 1972

662071

Distribution
% WO 2

20.46

40.66

12.49

6.46

15.93

100.00
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Maometil
Weight

Product 4
+28 Mesh lMesgs 23.66
~28 Jesh lags y7.%0
~28 X Midds 2.59
Totel Honmans 26.35
Feed (Head Ore) 100.00

1.52

2.35

1.0 {Cale.)

July 20, 19

66270

Distribution
g 10

12.k6
24.50
3.77

by Size in Maznetic Freetion

Mesh Size

(Tyler Series)
+28

28 x 100
100 x 200
200 = Lo0o

LoD = D

'Total '

Tunrsten Distritution by

27.95

k6.31

1k.02
6.60

4.0

100.00

Assay
v W04

0-55
0. 47
0.56

0.59

Distribution
& V04

29.37 .
k1.58
15.96
7.4k

100.00

+28

28 x 100
100 x 200
200 x 409

400 ».D

Total

Veight

8.5§
27.67

11.21

7.14

Ls.ks

100.00

Size in Norrmarnetice Fracition

Assay
% ¥

2.08

1.96

2.43
2.61

2-59

2.35

Distribution’

5 Y0~

7.53
23.02
11.57

7.91

100.00

72

w
i

2
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Tasninex Ore Samples
Tesmine
minus
Weight
Droiuct g
+28 llesn ags : 13.27
PV ' '
-28 lesh lizgs Lo. 89
-28 Mesh ¥idds 6.62
: Total lonmans 30.22
. Feed (Eezd Qre) 100.00

Ay
S

Assay

0.51

Q.49
0.75
1.25

0.69 (Cale.)

"Distridution
% =

9.7k
28.73
7.15

100.00

Tunesten Distribution bv Size in Mzenetic Fraection

-

Mesh Size Weigﬁt Asseay Distribution
{Tvler Scries) a E_Egs A Y04
+28 16.83 0.51 22.64
28 x 100 47.17 0.3k L2,28
100 x 220 21.63 0.3k . 19.39
200 x k00 10.88 0.38 10,90
100 D 3.%9 0.52 b9
 Total | 106.00 0.38 (Cale.) 100.00

Tungsten Dighxituiicn oy Size_in Fonmarmetie Frocticn

Mesh Size Wéight .Assay Distribution
{Tvler Soring) : “ E_Egs % W=
+28 4.32 1.k L.97
28 x 100 35.12 1.07 30.89
100 x 200 20.21 1.11 17.93
200 x k2o 9.96 1.32 10.51
100 x D 20,3 1.52 35.70
Total 1.25 100.00
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662074

mzrretic Sexzration Tests
“irus 8-ash Feed
Weight Assay’ Distribution

Proiuss 5 £.303 - % W0
+28 Mash ﬁags ' 26.63 : 06.32 o | 8.83
~28 Megh lags | L6.93 0.27 | - 13.1L

-28 Hesh Midds | - 2.13 2.52 ' 6.35
Total ermass '_ o 2h.o1 . 2.88 71.68
. ) Feed (Nesd Ore) 100.00 0.97 100.00

Tuncsien Distribuition by Sive in Marnetiec Traetion

Mesh Size : " Weight . Assay '- Distributi;ﬁn
(Tvler Series) 4 4 _Wos % YQ=~
+23 Cox0.05 0.3 | | 35.0L
28 x 109 .o o 0.2h 42,87
200 x ko | - 5,28 0.30 5.77
Loo x D ‘ _ 2.3 0.k9 ' L.18
Total 100, 00 0.27 100.00

." | Tunesten Dissribulion by Size in.Monmarnsidic Ffe.ct:ion

Mesh Size . Veight Assay K Distributicn
{Tyler Szvias) _ n : LY 5 W0
428 . 9.09 4.50 | o 1k.22
28 x 100 376 3.96 : 45.08
200 = 2CC 16,146 2.65 : 15.16
200 x L2 11.1h . 2.02 7.82
Leo x D 30.55 1.67 ' 17,73

Total o 100.00 . 2.88 100.00
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Grind
Cond.
Cond.
R. Flot.
Ci. Flot.

Mag Cone.
R. Tail

Ci, Tail
C1. Conc.

Calc, Feed
Actual .

(1

Data Paze 9

Tasninex Flotation Amenabilitv Test

Magnetic Senaration - Flotation Concentration
Cztegory A - Comnosite

Sample: 1,000 Grams - 8-Mesh Ore
OR-586 1810-28

July 20, 1972

66207

Time _ AReagents, Lb./Ton of Original Ore Cl)l
‘Min.  _pH Ce0 Na(0;  Na,Si03 NFA
13 6.9 0.5
10 9.3 3.0
5 10.0 2.0 . 2.0 .
15 : . : 1.0 (staged)
5 _ No Reagents
. % Wt. % W05 Dist. KO,
67.8 0.49 32.6
28.0 2.01 55.2
3.2 2.65 8.4
1.0 35.82 3.8
100.0 ' 1.02 100.0
(1.12)

NFA: 50-50 Mixture -Naphthenic Acid-Oleic Acid

~

S
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Ad

Grind
Cond.
Cond.
R. Flot.

Cl. Filot. Fo. 1
Ci. Flot. Ko. 2

Mag Conc.
R. Tail

€1, Tail To.
Cl. Tail Xo.
£l. Conz.

hy =

Data Pace 10

Sample: 1,G00 Grams 8-esh Ore
OR-586 1910-30

Czlc.
~ Actual

Pime : Resgents, Ih./Ton of Oricinal Ore
13 6.9 0.5
5 10.5 k.0
S = . 3- O . 1 L3 5 .
15 0.7 : _ 1.0 (stazed)
5 10.5 : Ho Reagents
5 0.3 - lic Reagents
7wt 7 W03 Dist. woa
66.3 0.%6 . 30.2.
25.0 1.99 7.1
L7 2.27 10.6
1.9 2.62 5.0
2.1 3.56 7.2
. 100;0'

o
.

= O
N b
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662077

Tasriinex Tlotziicon LAmenapilifs Tsst
e o e
? Maenetie Sevarztid wion Ceonecenirztica

_ Sample: 1,000 Grems 8-Mesh Ore
. | . ~ OR-586 1910-22

Time Regrente, Lh,/Ton of Orizinzl Ore
Min. | o Cs&C Faplly 1205303 LFL _
- Grind 17 0.5
Cond. _ 20 11.0 6.0
Cond. 5 10.9 2.0 2.0 . -
R. Flot. 12 10.9 - 0.7
Cl. Flot. No. 1 5 10.7 ' _ - 0.06
° Cl. Flot. Fo. 2 5 10.3- o No Reagents
%7 V. % ¥03 Disi. W03
Mag Cone 70.3 0.29 - 18.4
R. Tail - _ 19.0 1.11 19.0
Cl. Tail ¥o. 1 _ _ 6.7 1.Lk9 . 9.0
. : 2.1 - 2.29 L.y
1.9 g

28,60 4G

Calc. I 100.0 1.11 100.0
Actusl C ' : 1.02 :
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Memo vo o Fucovery of WoValues fren - 17 - July 20, 19727
Tusminex Ore Samples
Data Page 12
Tasninex Flotation A:onabilifXATest
Magnetic Sevaration - Flo:ation Concentration
Catcgory C - Coroosite
o | |
: Sample: 1,000 Grams 8-Mesh Ore
CR-586 1910-20
Time Reagents Lb./Ton of Qriginal Ore

@ Min. _pH Cad RanC03  NA,5i03 KA

Grind 17 C 0.5

Cond. 5 10.6 3.0 2.0 2,0

R. Fiot, 10 9.9 1.0 (staged)

- €1. Flot. 5 9.8 1.0 0.04
% Wt. % WOs Dist. hOS

Mag Conc. 70.7 0.46 28.2

R. Tail 24.2 1.08 22.6

C1. Tail 3.3 1.59 4.6 .

Cl. Conc. 1.8 28.00 44,6

Calc. 100.0 1.15 '100.0

1.02

Actual
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Memo re  Recovery of W Values fron - 18 - July 20, 1972 .

Tasiinex Ore Samnles

. Data Paze 13

Tasminex Flotation Amenabilitv Test

-Magnetic Separation - Flotation Concentration

Catecory B - Comnosite

Mag Conc.
R. Tail : .
Ci. Tail No. 1
Cl. Tail Ko, 2
€1. Conc.

Calc. -
Actual

§ Sampie: 1,000 Grams - 8-Mesh Ore
OR-586 1910-26
Time Reagents Lb./Ton of Original Ore
Min. pH  Ca0 Na,C0. Na,$i0., NFA
- Grind . 13 7.8 0.5
. Cona. ‘ 30 11.3 12.0
Cond. : 5 ~ 11.5 : 2.0 - 2.0
R. Flot. _ 10 : 1.3 (staged)
€Cl. Flot. No. ¥ . 5 No Reagents
Cl. Flot. No. 2- 5 No Reagents

% Wt. % WO Dist. X0

3 3

57.5 0.34 28.7
32.5 1.02 48.8
6.7 1.45 14.3
2.3 1.62 5.4
1.0 - 1.94 2.9

-100.0 : ' 0.68 - 100.0

0.74
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Tasninex Ore Samples
Data Page 14
Tasninex Flotation Anenability Test
Magnetié Sepzration - Flotation Concentration
Lategory B - Lompesite
i
Sample: 1,000 Grams - 8-Mesh Orve
OR-586 1910-24

Time Reagents Lb./Ton of Originzl QOre

Min. pH Cal Na,C05  Na, 530, NFA
Grind 13 7.8 0.5
~Cond. 3 9.5 2.0
Cond. 3 10.5 2.0 3.0 .
R. Flot. 20 10.2 2.0 (staged)
€l. Flot. No. 1 5 8.5 No Reagents S
Cl. Flot. No. 2 -5 9.5 No Reagents

% Wt % 10, Dist. 1O,

Mag Conc. 61.7 0.35 31.2
R. Tail 20.8 1.15 34.6
Cl. Tail No. 1 5.5 1.13 5.9
Cl. Tail No. 2 3.7 1.40 7.5
C1. Conc. ‘ 8.3 1.49 17.8 -
Cale. 100.0 0.69 160.0
Actual ‘ 0.74_ :
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Data Page 15
Tasminex Gravity Table Test
Magnetic Semaraticn - Gravitw
Category o - Cornesizte
;_ Sample: 1,000 Gram Ground to Minus 48-Mesh
OR-586 1910-32 :
‘.' ' o . Nommagnetic Fraction Product Distribution
_d o 1 e _ . .
. % Wt. % W0 . Dist. h03
Table Conc. 7.8 1.48 11.4
h Midds_ 5.1 1.69 8.6
" Sand . 1.6 1.91 2.9
1" Sline 20.6 2.13 43.3
Mag Fraction 64.9 0.53 33.8
Calc. Head 100.0 1.01 100.0
Actual Head 1.12
Magnetic Fraction Product Distribution
% Wt % W0 Dist. ¥0z
- Table Conc. 11.4° 0.41 9.3
P v Miads 84 .4 0.45 75.9
: : " Sand 1.7 1.52 5.3
" Sline 2.5 1.20 Q.5
- Calc. Head N 100.0 .

0.50 100.0
Actiual Head ‘ 0.53
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Tasminex Ore Semples - '

Data Pace 16

Tasminex Gravitv Table Test

Magnetic Seraratien -~ Gravity
Catzcory B - Lennosite
. Sample: 1,000 Gram Ground to Minus 48-Mesh
OR~-586 1910-34 : :
. o _ Noumagnetic Fraction Product Distribution
$ Wt % W0« Dist. WO,

Table Conc. 9.6 0.90 12,6
" Midds © _ 13.4 0.86 16.7
" Sand 1.0 . 1.30 2.0
n Sline i8.8 1.43 38.9
Mag Fraction 57.2 0,36 29.8
Calc. Head 100.0 - 0.695 100.0

Actual Head ' 0.74 '

Mégnetic Fraction Product Distribution
_ % Wtf % W03 Dist. WOx
] .. Table Conc. 8.3 0.36 7.5
: " Midds - 86.6 0.35 75.9
H Sand 2 2.0 1.07 5.4
" Slire 3.1 1.43 11.2
~Calc. Head 100.0 0.40 100.0
Actuzl Head 0.36
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Tasninex Orc Samples -
Data Page 17
Tasminex Gravity Table Tes:
 Magnetic Scparation - Gravity
- : ' . Cateznry C - Comnosite
¥
Sample: 1,000 Gram Ground to Minus 48-Mesh
OR-586 1910-36
Nonmagnetic Fraction Product Distribution
@ . ke % 105 Dist. W0y
Table Conc. 3.8 7.05 ' 26.9
" Midds 5.8 0.81 4.8
u Sand 0.8 2.36 2,0
v Slime. 18.1 2.48 45.3
Mag Fraction 71.5 0.29 ‘ _21.0
Calc. Head - 100.0 .89 100.0
Actual Head ‘ - 1.02
Magnetic Fraction Product Distribution
% Wt. % KO3 Dist. 10z
- ' Table Conc. 8.2 0.39 9.8
.. _ .M Midds 87.8 - 0.28 - 76.0
: " Sand ' 2.0 _ 0.97 6.1
' " Sline 2.0 1.33. 8.1
- Calc. Head - 100,90 0.32 100.0
Actual Head 0.29
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y — - : S ‘Research and Development Department

Niagara Falls, New York
July 7, 1972

MEMORANDUM

T™0:  MNr. R. G. Wbolery////i/fi

COPIES: R. & D. File

Messrs. E. E. Anderson
W. B. DeAtley
K. L. Grauerholz
§ D. J. Hansen
FROM:  J. S. Fox

SUBJECT: Recovery of Tungsten Values from Tasminex Tungsten Ore Samples

SUMMARY

Tests were made to improve the roast-leach process for extraction of
the tungsten values from a non-magnetic portion of a Tasminex ore composite
composed of surface and subsurface ores,

A combination of 8% Na. 2003 along with 36% NaCl¥ gave a tungsten solu-

" bilization of 97% in a one-hour roast at 900°C. The chemical cost of the roasting
reagents was 11¢ per pound of W03 splubilized in the water leach.

It was also learned that 924 tungsten sclubilization can be obtained by

" roasting with 187 NapC03 and 22% NapSOL at 900°C. Roasting without NaCl has an

advantage of reduced corrosion in the roast-leach eircuit; however, the chemical
costs are nigh {approximately 2L4¢ per pound of W03 solublllzed)

The tungsten values in the water leach liguor from the NasCOp-NaCl
reasted caleines from the non-magnetic portion of Tasminex ore composite were .
found to be precipitated slmost completely as CaWOy. This was done using Ho80),
for pH adjustments and either Ca012 or Ca0 for precipitation of the tungsten
values as CaWly. The chemical costs for prec1p1tat10n would be approximately 2.5
to 3.0¢ per pound of WO3 solubilized.

DISCUSSION

Since the last memorandum on June 5, 1972, experimental work was con-
tinued on the recovery of tungsten values from the oven-dried non-magnetic portion
of a tungsten composite of surface and subsurface ore. This sample was prepared
by the Minerals Beneficlation Section of our laboratory under the supervision of
Mr. N. L. Grauverholz.

- omk mm e o wh mw e we B e mm e e ek mm wm Em Sw wmm e e R gr B e mm ew  ma s mm b e W mm e wm e vm W e

Yhere % HaCl, % Na2003 or Naesoh is used in this report indicates grams of
hacl ha2C03, or Naesoh per lOO grams of ore mdterial
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from Tasminex W Ore Samples . :

Pests were made to determine if the chemical costs for roasting could

* be lowered by using less NayCO3 in the roasts and To supplement this decrease in

NasCOy by using NaCl, a cheaper reagent. Tests were also made to determine if
kas80), could be used along with NasC0q in the roasting step. It is believed that
Nap80), is less corrosive on the roasting equipment and the gases emitted can be
controlied more easily than when NaCl is used. Finally, tests vere made to de-
termine the best conditions for the CaWdp precipitation of the tungsten values in
the water leach liquor obtained from the NapCO3-NaCl roasted calecines.

~_I. .Roasting with Na,COx and NaCl

In the previous memorandum of June 5, 1972, it was shown that 97% of
the tungsten values could be solubilized from a non-magnetic portion of Tasminex
ore composite of surface and subsurface ore. This non-magnetic sample contained
2.437 Wo3 and was roasted with 12% NapCOs and 36% NaCl (12 grams NapCOy and 36
grams yaCl per 100 grams of sample) at 900°C. for 1 hour. Tests were made during
this interim in which the roasting temperature was increased to 950°C. or 1000°(C.

' The conditions and results of these tests are shown in Table I (Tests 5 and 6).

These results show that increasing the roasting temperature higher than 900°C.
decreases the amount of tungsten sclubilized in the subsequent water leach.
Increasing the amount of NaCl from 244 to 36% increased the tungsten solubilization

(Tests 3 and k).

A few tests were made Lo determine it 8% NapCO3 could be employed along

- with 36% NaCl while still maintaining the very high tungsten solubilization of

9?%. These tests were made at 900°C., 950°C., and 1000°C., and the conditions ~
and results of these tests are shown in Table I (Tests 7, B, and 9). These
results show that 8% Nas(0; along with 36% NaCl in the roast of the sample
mentioned will solubilize 37% of the tungsten values in & l-hour roast at G00°C,
At temperatures higher than 900°C., the amount of tungsten solubilization de-
creases. It would require 3.4 pounds of NapC03 and 2%.8 pounds of NaCl per pound
of WO3 solubilized to achieve the mentioned high tungsten .solubilization. Based
on NapCO3 and NaCl at $35.00 and $7.10 per ton, respectively, these reagents would
cost approximately ll¢ per pound of WOg solubilized. A test using 5% NapCO3 and
36% NaCl in the roast is in progress.

1¥I. Roasting with Nagsok and N62§93

Roasting tests were made using 2hd NasCO, along with 29% Na, 80, on

. Tasminex non-magnetic concentrate at 800°C., 900°CY, and 1000°C. with a l-hour

retention time at these temperatures. The conditions and results of these tests
are shown in Table TI. These results show that high tungsten solubilization
(92-93%) can be achieved using NapS0y combined with NapCO3 in the roast at tem-
peratures of 900°C. or 1000°C. However, the reagent costs under the conditions
employed would be high. To achieve 93% tungsten solubilization, 10.6 pounds of
HayCO; and 12.8 pounds of NayS50), were used per pound of WO, solubilized (Test 2)..
At $3§.OO per ton of NayCO3 and $25.00 per ton of NasS0y, %he reagent cost would
be approximately 35¢ psr pound of Wiz solubilized. In Test 4, using 18% NapCO3
and 229 Nas80),, & solubilization of 927, was obtained. It required 8.0 pounds of

- NapCOg and 9.9 pounds of Na550) per pound of WOy solubilized. These chemical

costs still would be high (approximately 24g per pound of W03 solubilized). When
12% NapCO3 and 15% NagSOy were employed in the roast, inadequate tungsten solu~

- bilization was obtained. :
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I1X.  Precipitation of Cal0),, {rom Leach Liguor W .

A. Using CaClo

A composite of the leach liquors (pH 12.6) cbtained from the water
leaching of the Nap(03-NaCl roasted celcines was made. ~The average amounts of
KapC03 and NaCl employed in the roasting steps were 17.5% and 23.1%, respectively.
The average tungsten solubilization obtained from the roasted calcines and dis-
solved in the leach liquor composite was 93%. This composite. sample of leach
ligquor contained 2.56 grams per liter of WO, and was: evaporated to a volume
containing 10.0 g./l. WO3. A small amount of precipitate formed which contained
aluminum, silicon, and s©diuvm and very small amounts of tungsten. This preecipi-

‘tate was discarded since it contained only negligible amounts of tungsten values. -

A variety of tests were made in which HpS04 was used to adjust the pH
of the¥liquor prior to the addition of the Callp used to precipitate the CaWoy.
The chemical analyses of The CaWly product have not been completed; however, the’
chemical analyses of the mother liguor have been completed.

The best procedure found to date using the minimum emounts of CaC
and shortest digestion periocd is as follows. To 50 ml. of this composite leach
liquor (10 g./1. WO3) was added 1.3 ml. of HpSOL (containing 300 g./1. HoS0y) to
a pH of 8.9. The mixture was heated to 85°C. and then 3.6 ml. of CaCl, solution
(100 g./1. CaCly) were added. The mixture was yellow and was boiled 1 hour
under reflux and then filtered and washed with a few ml. of water. This yellow
color is probably due to an impurity. The residue was dried and weighed and the

‘measured filtrates were analyzed by spectrographic analyses. The mother liquor

filtrate (61 ml.) contained 0.02 g./l. WO;. The spectrographic analyses of the
product and filtrate and the chemical anaﬁyses for WO, of the filtrate are shown
in Pable ITI. These results indicate that‘practicallé all of the tungsten was
precipitated (over 99% precipitated)} as a cream color precipitate from the leach
liguor by the CaClp. The W03 content of the precipitated CaWly is estimated to
be approximately 51%. The CaCly, added was equivalent to 0.72 pound per pound of
WO in the composite liguor or 150% of the stoichiometric amount required to pre-
cipitate the W03 in solution. The HpSOL used was equivalent to 0.8 pound per
pound of WO3 in solution. Based on chemical costs of $35.00 per ton for HpSOL
and CaCls at $42.00 per ton, the chemical reagent costs for precipitation would
be approximately 3¢ per pound of WO3 precipitated.

B. Using Cald

The following is the best procedure found to date for using Cald to
precipitate the tungsten values as CaW0y from the tungsten leach liquor composite
described above, ' :

To 50 mi. of the composite liquor contesining 10 g./1. WO3 and @ pH of
12.6 was added 2.0 ml. HyS0, to a pH of 5.8. The mixture was heated to 85°C.
and then 0.20 gram of reagent grade (a0 was added. This amount of Ca0 repre-
sents 165% of the stoichiometric amount of Cald required to precipitate the
tungsten values in the sample to CaWly. The pH after the CaO addition was 8.8.
Afiter bolling for 1 hour under reflux, the yellow mixture was filtered znd the
residue was washed with a few ml. of water. The residue was dried and weighed,
and the filtrate was measured. The final filtrate has a volume of 50 ml. and &
pH of 11.3 and contained 0.10 g./1. W03. The spectrographic analyses of thé
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Ca%W0y product and the mother liguor filtrate are shown in Table IIT along with
W03 chemical analyses of the filltrate. Based on the chemical analyses of Wog
in the filtrate, 99% of ths tungsten values were precipitated by the above
procadure. The cream colored CaWly product is being chemically analyzed. How-
ever, based on the WO, left in the filtrate it was calculated that the pre-
cipitated CaWoy shoula contain approximetely 58% WO3. o

The chemical requirements to precipitate one pound of W03 from the
leach liquor as CaWdy was 1.2 pounds of HpSOy and 0.4 pound of Ca0.  The
chemical costs would be about 2-1/2¢ per pound of W03 precipitated based on
HoS0y and Cal at $35.00 and $17.50 per ton, respectively.

. o _- 94\@3&

UJ._S_. Fod

JOF:ims
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TABLE I

Effect of Na-C0, Combined with NaCl in Roast of the Non-Magnetic Portion of Tasminex
Qre Ccmposite on Subsequent Scolubilization of the Tungsten Values in the Water Leach

(Non-Mag. conc. (2.43% WO3)
: _ (NapCO3 as shown
Roast Conditions: (NaCl as shown
(Temp. of Roast as shown
(Time at Temp. =}Hr,

Na,C0~ Added ' NaCl Added

9, Based - - %, Based _ . _ ' . W03
on Sample #/# WO3 on Sample . #/# WOq Roast % 4 WO3' pH Material |
Test Wt. or in #/# wo Wt. or : " in #1# Wog  Temp. WO in of Balance
No. ~ g./100g. Conc.  Sample Fxt, g./100g. Conc. Sample Exb e ExT. Tails Filt. %
1 12.0 4.9 5.6 18.0 7.4 8.5 800 8 - 0.35 10.8 88
2 12.0 4.9 5.6 . 24 .0 9.9 11.3 800 88 . 0.31 10.6 S0
3 12.0 4.9 5.4 = 9.9 11,0 900 90 0.23 9.9 89
b 12.0 h.g 5.1 36.0 14,8 15.3 900 97 <«  0.08 10.9 83
5 12.0 L.g 5.6 . 24,0 9.9 11.3 950 88 L0.27  10.5 93 -
6 12.0 - k.o 6.3 2k.0 9.9 12.7 1000 78 0.kg  10.6 9
7 8 3.3 T 3.4 36 k.8 15.3 900 97 ¢  0.08 11.9 95
8 8 3.3 5.7 36 .8 25.5 950 - 58 0.89 7.6 82
9 8 3.3 T 9.7 36 1k.8 43.5 7.5

w000 3% 1.2 86
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TABLE IX

Effect of NaoC0, Combined with Nagsoh in Roast of the Non~Magnetlc f
Portlon of Tasiinex Ore Composité on Subsequent Solubilization
Of Tungsten Values in Water Leach

: " (Non-Mag. Conc. (2.43% W03)
Roast Conditions: (NapCO3 as shown ,
ENagsou as shown
1 hr. at Temp. shown

, . NapCOz Added ' Na, S0, Added
% Based _ ' "~ % Based - :

on Sample #it WOg on Sample #1# Wog & Roast 9, Wo3  pH

Test Wt. or ' in #(# W0y "Wt. or in  #/# o3 Temp. 4 W04 in of
No,  g./100g. Sample  Sample Ext, g./100g. Sample  Sample  __ Ext. ° - Ext.” " Tails = Filt.
1 2L, o 9.9 12,1 29,2 12.0 C 14,6 goo ' 82 ©0.46 12.7
2 24.0 . 9,9 10.6 2g.2 12,0 12,8 . 900 - 93 0.18. 12.L
3 - 2h.0 9.9 . 10.7 29,2 12.0 12,9~ 1000 92 - 0.16 11.9
h 18.0 7.4 8.0 22,0 9.1 9.9 900 92 - 0.19 11.7
5 12,0 h.9 7.5 - 15 6.2 9.5 900 65 10,85 0.4



Spectrographic Analyses of CaW0; and Mother Liguor

- PABLE ITT

After Precipitation with Either CaCl, or CaD

Cali0) Precipitated Product

Pre»ipitated FPrecipitated
Wisth CaCl With Ca0.

- Range in % Range in %
Wt. of ppt= " Wt. of ppt=
0.97 grams 0.86 grams

Sougt Found Sovght Found
A1 . Major Al Major

3 ©0.002-0.02 B 0.002-0.02

Ca Mejor Ca -~ Major

Cr 0.04-0.4 Cr 0.01-0.1

Fe ~ Fe 0.004-0.04

¥z 0.002-0.02 Mz 0,004-0.04 -

Lo 0.2-2.0 Mo 0.2-2.0
Ha 0.3-3.0 HNa 0.3-3.0

si  0.02-0.2 Si 0.02-C.2

v 0.02-0.2 v 0.02-0.2

Major Major

W

*¥Chemical Analyses

Mother Liquor After
Precipitation

After Pptu.
With CaCl
Range in g./1.
Vol. of Filt.=

61 ml
Sought Found
Al 0.002-0.02
"B 0.0006-0.006
Ca 0.06-0.6
Cr = 0.04-0.,4
Mo  0.006-0.06
Na Major
8i 0.0006-0.006
V  0.0006-0.006
W 0.01-0.1

Wog* = 0.02 g./1.

After Pptn.

With Ca0

Range in g./1. -
Vol. of Filt.=

50 ml
Sought  Found
AL 0.1-1.0 .
"B 0.0006-0.006
ca 0.005-0.06
Cr  0.04-0.4
Mo 0.0L-0.4
Na Major
. 81 0.0006-0,006
V' 0.0006-0.006
W 0.03-0.3
Wog* = 0.10 g./1.
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TAMING ARD LIZTALS SaVisilH . P. D. BUX 570, 4183232 FALLS WOV YORF 14302
ForNome! Mr. L. P. Twickzll . ) Digle . ) June 16, 1972
fiwlgion ’ ' '

acafian

ooy o

¢

Mining & Metals Divisien
Union Carbide Corporation
270 Park Avenus

Originating Dupt. Research and Development Deportment

New York, New York 10017 - - Amiwering latler date
Messrs. E. Anderson : | Sabiedt ' Tasminex Project
N. L Grauverholz R & D Program
? J. Hansen ' '
Stern
R&D Flle
Dear Lew:

I have attached a summary outline of ocur R & D program on the composite
samples of the Tasminex core residues submitted by UCEX. The composites A, B,
and £ reportedly, were composited in the following manner:

Composite A: Oxidized surface ore - little or no visible scheelite
Composite B: Oxidized ore - significant visible scheelite
Composite C: Unoxidized ore

As we discussed during yours and Dr. Stern's visit, we will examine the
alternate route of processing the unoxidized ore to a high-grade W04 concentrate
by gravity aud/er f1 otgtlan. In addition, I will have John Goddard and Ed
Anderson examine the chemistry of our salt-roast practice to see if we can
determine what chemistry gontrols the roasting operatiom. :

The composites have been prepared and we expect to start immediately oo
the attached precgran. :

Very truly yoﬁrs,

3 ‘ '_. o G. Woolery $¥

RGW/bsn
Attach.
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TASMINEX TUNGSTEN PROPERTY

"R & D PROGRAM SUMMARY ~ COMPOSITE SAMPLES -

Sample Chavacteristics

Mégnetic Separation

Flotation

-Gravity Coﬁcgﬁtration

thickening Characteristics

Salt Roasﬁ
Soda Ash Digestion

Deposité Geology (Individual Drill Samples)

Composite Identification

A B , c
Prepare Composite OSSPV R .
Assay — W05, Fe, Ca, Mg, Al, S10p, Size Dist,—=-—===-r=r~===—--—-3
tiineralogy - u__n,__"_,______,m_____f__ﬁ,
Weight Dist. W05 Content and Distributiop=——--—~~—-======-===—--- >
7 Goethite 7  (a) OPT. Conditions

o (b) Grade vs. Recovery

X X J.G. Tables, etc.
Optimize - Flocculation, Thick. Size Requirement===—=-—w=m==m==—=2
Amenability and Chemilstry==—rsrr==rm=mm o e

X X Amenability

. : R G Woaloerw
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TASHMINEX

ORE RESEEVTS o | . '1,625,000 Tons @ G.

Production = 500 TPD : .
‘ Cxidized @ .225 TPD @ 0.77% WO3
Unoxidized @ 275 TPD @ Q.56% W03

Total Units to Plant = Oxidized = 173 U/D
Unoxidized = 154 U/D
Total . 327 U/b

" UNITS PRODUCED
Ed

662094

65% WO,

Oxidized = 173 x 0.84.4 x 0.95 x 0.98 o = . 136 U/D

(Rec) = (Mag) (Roast) (Leach)

/" Unoxidized = 154 x .968 x 0.82 x 0.95 x 0.98

‘ . (Rec)

i

GRINDING (-~ 8M) COSTS _
500 TPD x $0.50/Ton | $250/day

MAGNETIC SEPARATION COSTS

500 TPD x 0.20/Ton ' $100/day

GRINDING (65 M) COSTS

Unoxidized = (0.40 x 275 TPD) x 0.40  $44.00/day 7
Total Grinding Costs $44.00 844,00

FLOTATION COSTS (UNOXIRIZED ONLY)

. -~ Condition 0.40/Ton

Fiot. 0.82
Other 0.70
- Total . . 1.92
$1.92 x 110 o= $211.20/day

THICKENING + FILT. COSTS

$.20/Unit x 250 | ©50.00

Units in Flot. Comc. = 122 U/D
@ 10% Conc. = 12.2 TPD to Roast

ROASTS COSTS

Total Tons to Roast = 12,2 + 135 = 147 TPD
147 x $10.80/Ten $1470.00/day

114 U/
(Mag) (Flot) (Roast) (Leach) -

i : . o s $1,25¢
Total Units Recovered per Day . = 250 U/D w32 S
. e '

—_———

$1.00/U

$0.40/U

$0.18/U

$0.84/0

0.20

$5.88/U
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REAGEY

w1 COSTS

vy

5 lbn &\‘a‘?
100 lb. "

Ka»CO, @ $1.75/100#
NaCl ™ 3 $0.40/100#
Totel Reagent Cost

3

PRECIP. + FILTZX COSTS

o, + 15 1b.
2 4300 1b. "

250 Units @ $1.00/U
i
DRY + PACK
250 Units @ $0.30/U

" ‘OTAL PRODGCTICN COST

MINING COSTS

1b. wW¢
unit WU3

KaCl per
per

= $1.75 x 250 $437.50/day

© 1.80/Ton x 1000 Tons &+ 250 U/D " m

© - INVESTMENT WRITE-QFF

Mina - .§ 250,000
Mill (Roast) ‘ 2,025,000
Mill (Flot.) 550,000
Services £§00,000
§27 350,000
Total $3,975,000
4dd Inv. Ete. 500,000 T ..l
"Cash 200,000 R
Total $4,675,000 TUI
Write-0ff = 4,675,000 = $5.75/Unit’
10 x 81;250x4gm '
ROYALTY = $1.50/Unit
Taxes $1.00/Unit

Total Mining & Investment Costs

Total Producticn Costs

GRAYD TOTAL

% ROT = {37.50 -28.20) 250 x 325

4,675,000

Z NI = 16.27 -

1.20 x 250 $300.00/day

$1.75/¢
1.20/0

662095 -2
$737.50/day  $2.95/U
$250.00/day  $1.00/U
$ 75.00/day  $0.30/U

$3187.70 $12.75
$1800.00/day - $7.20/U
$19.95 -
$1052.50/day  $5.75/U
$ 375.00 1.50
$ 250.00 1.00
$3477.50 $15.45
$3187.70 $12.75
$6665.20
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. 6/15/72
TASMINEX
COST COMPARTSON OXIDIZED vs; UNOXIDIZED
Oxidized Unoxidized ‘ Total
136 U/D 114 ©/D 250 T/D
$/Unit $/Day $/Unit $/Day $/Unit $/Day
Mining ' 7.20 -879.20 7.20 820.80- 7.20 1800.09
Grind - 28M j ©1.00 - 136.00 1.00 114.00 1.00 250,00
Mag. Separation 0,40 54.40 0.40  45.60  0.40 100.00
~ Grind - 65M o | . o 0.39 44,00 0.18 44.00
. Flotation B | : 1.85 211.20 0.84 211,20
Thick. + Filter 0.29 40.00 0.09 10.00 0.20 50.00
Roast | : 9.93  1350.00 1.05 ©  120.00  5.88 1470.00
Roast Reagents . | .2;95 401.20 2.95 . 333.30 2.95 | 737.50
Leach + Precip. ' 1.00 136.00 - 1.00 114.00 1.00 . 25G.00 |
Filter + Dry | 0.30 40.80 0.30 - 34,20 0.30 75.00

Total : 23.07  3137.60 16.23 1850.10 19.95 4987.70



TASMINEX

CASE II — ASSUME 275 U/D RECOVERY (84%)

ORDER OF MAGNETUDE COST ESTIMATE

. - $/Day $/Unit

Miuing ' .

$1.80/ton - 1:1 Ore:Waste Ratio -~ 1000 TPD - 1800 . 6.55
Grinding - (-8M}l _ .

500 8D x $0.50/ton | 20 0.91
Magnetic Separation _ _ _ , .

500 TPD x $0.20/ton S 00 0.36

. Grinding - (-65M) .

$0.40/ton x 275 TPD x 0.40 | 4  0.16
Flotation _ o

$1.92/ton x 110 tons | o2aar 0.77
‘Thickening - $0.20/unit - - o 55 .. . 0.20
Roast @ $10.00/ton x 147 TPD  ~ - .- 1470 5.35
Roast Reagents @ $2.95/unit o s . 2.95
Precip., Filter, Dry, etc @ $1.30/unit 358 1.30
“Total Mining and Processing 5099 © o 18.55
Write Off = 4,675,000 L - o

.‘. : 10 x 275 = 325 . - = . 1438 o 5.23

Royalty : - B 412 .- . .- 1l.50
Taxes . S 215 - 1.0
Total Man. Costs - 17225 T 26.28

% ROL = (37.50-26.28) (275)(325)

L675.000 . T Lz
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L r.. .. INTERMNAL CORNRECPONDENGE '
. v . ~’§ . v . .
'h»q,_"-“\-"’ _
GG AND LIDYALS DIVIZISH . P. 0. BOX 579, NIAGARA FALLS, NPV YORK 14302
G{Nﬂm.‘ Ml‘. L- Po Tw:i.chell . 'Dﬂf. ' ‘ . June 6,‘ 1972
mison  Mining & Metals Division ' , ‘
sestan  Union Carbide Corporation . Qelginating Dapt. Research and Development Department
270 Park Avenue ' ' :
New York, New York 10017 - Anowering letter dote
earte  Messrs. A. W. Heuck (2)u/"pF;”} Soblect Tasminex Ore Processing
J. C. Stephenson }ﬁ,ﬁ i o
M. Stern </ Nﬁ*{_, ;@

i
¥
Dear Lew:

Joe Fox is continuing his optimization studies on the salt roasting of
the non-magnetic portion of the Tasminex ore samples. His report for May, 1972,
is attached.

His results show that a combination of sodium carbonate and sodium
chloride at 850~900° will result in about T 95% tungsten solubilization. The
temperature of the water leach and the use of wel compacts were investigated
and found to have little or no effect on tungsten recovery. Roasting at

- temperature for lomger than 15 minutes did not significantly improve the

tungsten extraction. Reagent costs have been estimated at $0.13 per pound of
W03 extracted. .

Ed Anderson is examining the roasted products mineralogically and his
studies should have something to report in a week or two.

. Very truly fours,

- R. G. Woolery
RGW/bsn
Attach.

IECEIVED
U. C. EXPLORATION CORP.

JUN 7 1972
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Research and Development Department
Mining and Metals Division - UCC
Niagara Falls, New York

June 5, 1972 '

MEMORANDUM

W et P g dad ey e m—

70: Mr. R. G. Woolery”"
COPIES; R. & D. File
" Messrs. W. B. DeAtley .
¥ N. L. Grauerholz
"D. J. Hansen
FROM: J. 8. Fox

SUBJECT: Recovery of Tungsten Values from Tasminex Tungsten Ore Samples

‘.

SUMMARY

Tests were made to improve the roast leach process for extraction of

ar -

T AT
- composed of surface “and subsuriaca OX€es.

1. Effect of Roasting with NasC0a, NaCl, or NasS0), Alone
or in Various Combinations on Nen-Magnetic Portion of
Tasminex Ore Composite on Tungsten Solubilizatlion

Very poor extractions were cobtained from roasts of the non-magnetic
portion of Tasminex ore colaposite (2.43% W03) when either NaCl or NapSOL was
employed as the roasting reagent. In no case was more than 6% of the. tungsten
values solubilized. :

. ¥hen only NapCQy was employed as a roasting reagent, a maximum of 859
of the tungsten values was solubilized in a l-hour roast using 24% NapCOg*.
Increasing the roasting tempsrature to 900°C. or 1000°C. lowered the tungsten
soluglllzatiOW The chemical cost of the Na2003 was 20¢ per pound of w03 ex-
tracted, : ‘ .

A combination of 129 NayCO, along with 36% NaCl¥ gave a tungsten
solubilization of 97% in a 1- hour roast at 900°C. <The chemical cost for roasting
was 13¢ per pound of WOy extracted. '

A roast using 249 NapCOy and 297 Nap80), gave 82% tungsten solubilization
in & l-hour roast at 800°C. Higher roasting temperature tests are in progress.

T Am am mR M em Sk M mm G e mE MR e G Em M WL e Bm Em MM mr MF R MM R s mR Em GRS et b T mE b dkh B e A S

*¥There % NaCl, % NapCO3, or 4 WanSO, is used in this report indicates grams of
HaCl, LaECOB, or nagsoq per 100 grams of ore material :
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2. - Effect of Roasting Temperature on Roasts Using
NaECOQ Along with MaCl as a Roasting Reagent

In l-hour roasts using 18% NasCo and 189, NaCl, it was found that
roasting temperatures of 850°C. to 900° C gave slightly higher tungsten solubili-
zation than comparative roasts made at 750°C. to 8C0°C. Using 24% Na,CO; and
249 NaCl in the roasts, it was again found that the higher roasting terperature

roasts produced slightly higher tungsten solubilizations.

3. Effect of Using 1% Wet Compacts in Roast
3 Tustead of Powdered lMaterial

Vhen roasting the non-magnetic concentrate (2.43% WO3) along with 244
NagCO3 and 24 NaCl in the powdered form for 1 hour at 800°C., 96% tungsten was
solubilized (tails 0.12% ¥0s;). Vhen the 1" wet compact was roasted under com-
parable conditions, essentially the same tungsten extraction (95%) was obtained
(tails 0.12% WO5).

4, Effect of Roasting Time on Tasminex Tungsten
Ore Composite (1,219 wo3l

It was agaln verified that the roasting Time of Tasminex ore composite
roasted with 12.5% I\Iaaco.J and 12.5% NaCl was not critical. In a 15-minute roast,
ghe, of the tungsten valu&s from a Taqmlnex ore composite (1.21% WO ) was solubil-
ized in a roast at 800°C.

5. Effect of Leaching Temperature on Tungsten
Solubilization of NeDCOQ-haCI Roasted Calcium

Leaching tesis showed that the temperature of the leaching of calcines
from the non-magnetic portion of Tasminex ore couposite roasted with Eh Na CO3
and 24% NaCl at 8C0°C. for 1 hour was not critical. A%t room temperature (23°C ),
ohd) of the tungsten values was solubilized (tails 0.1h% ¥WOs) in 1 hour compared
to 957 solubilization at 60°C. (tails 0.12% W03) and 90% a% the boiling point
(tails 0.11% W03).

‘DISCUSSION

Since the last memorandum on May 2, 1972, experimentzl work was continued
on the recovery of tungsten values from the oven-dried non-magnetic portion of a
tungsiten composite of surface and subsurface ore., This sample vas prepared by
Mr. N. L. Graverholz of the iMineral Beneficiation Section of our laboratory. The
chemical and spectrographic ahalyses of this non-magnetic concentrate are shown
in Table I. The screcn analyses are shown in Table IT.

A study was made on (1) the effect of roasting with either NapCO3, NaCl,
or Na,30, alone or in combinations on the subsequent water solubilizatlon Of the
tungsten values from the non-magnetic portion of the Tasminex composite, (2) the
effect of the roasting temperature on the subsequent water solubilizations of the
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tungsten values of the non-magnetic portion of the Tasminex composite roasted
with NapCO3 combined with NaCl, and (3) the effect of roasting a 1" wet compact
on the subsequent tungsten solubilization using NapCO3z combined with NaCl as a
roasting reagent for the concentrazte. A test was made (L) to determine the
effect of a 19-minute roast at 800°C. on the subsequent water solubilization of
the tungsten values from a composite sample of Tasminex ore containing surface
and subsurface ore containing 1.21% W03. Finally, (5) a few tests were made to
determine the effect of the leaching temperature on the amount of tungsten values
. solubilized from the roasted calcines.

l¢ Effect of Either NasC03, NaCl, or Na,S0) Alone or in
Verious Combinaticng as a Roasting Reagent for Non-
Magnetic Portion of Tasminex Ore Composite

A, Na, O Combined with NaCl as Roasting Reagent

A series of roast tests were made in which 12% NapCO3 was added to the
non-magnetic portion of the total composite of Tasminex ore along with verying
amounts of NaCl ranging from 0% to 36%. The roasts were performed in asn Inconel
X disk with a residence time of 1 hour at 800°C. (except where noted in Table
IIT). The calcines were air cocled and were found to be soft. - These calcines
were pulverized and leached with water at the boiling point at approximately 30%
pulp density for 1 hour and then filitered and water washed. The oven-dried
residues were weighed and the filtrates were measured. The residues and filtrates
vere analyzed for WO3 by wet chemical methods. Another series of tests were made
as descrived using 18% NapCO3 and 0% to 36% NaCl. Finally, a series of tests were
made using 24 NapCO3 and O% to 36% NaCl. Toe conditions and results of these
tests are shown in Table IIT and Figure 1. These results show that the addition
of NaCl to MNapCoz inereased. the tungsten solubilization at each level of NapCO
employed in the roast. High tungsten sclubilization of 91% was obtained with 22%
NapCO3 and 36% NaCl. Increasing the NapCOy content to 18% and using 36% NaCl
raised the tungsten solubilization fo 95%.  Purther increases in NapCO3z to 24%
along with 36% NaCl improved the WOy only slightly to 97%. The chemical cost of
the reagents using 18% NasCO4 and 36% KaCl in the roast to achieve 96% W03 ex~.
traction was 19¢ per pound of W03 extracted in the water leach.

B. Nay(0, Combined with Na,80, as Roastins Reagents

A series of tests were made using 24§ NapCOg combined with 297 NaySO
as the roasting reagents. These tests were performed at various temperatures
ranging from 800°C. to 1000°C. The conditions and results of these fests are
shown in Table IV. These tests show that only 829 of the tungsten values was
solubilized at 800°C. end is much lower.than the 959 WO3 extraction when NaCl
was used instead of NanS0y. Roasting at higher temperatures of 900°C. and
1000°C. has been made and the samples are being analyzed. o
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C. NaacoQ_Alone as a Roasting Reazent

A series of roast tests were made using NapCOy as the roasting
reagents in emounts ranging from 12% to 24%.  fThese tests were conducted at
800°C. The conditions and results of these tests are shown in Table V and
Figure 2. From 82% to 85% of the tungsten values was solubilized when 18 to
244, NapCO3 was employed in the roasts. Increasing the roasting temperature
to 900°C. failed to significantly increase the tungsten solubilization in the
roast using 18% NapCO3. Increasing the roasting temperature to 1000°C. lowered
the tungsten solubilization. These tests show that at the roasting temperatures
investigated, the tungsten solubilization is much lower than would be obtained
if NapCQy were employed in smaller amounts along with NaCl. ' With 24 NapCO3 in
the roast, the chemical cost for roasting would be 20¢ per pound of WO3 extracted.

D. Na-S0) Alone as a Roasting Reagent

A few {ests were made to determine if NapSOy alone could be employed as
a roasting reagent instead of NapCO3. Tests were made at 800°C. using 31 to 61%
NapSOL in the l-hour roasts. The conditions and resullts of these tests are shown
in Pable VJ. These results show that practically nene of the tungsten values
were solubilized. Increasing the roasting temperature to S00°C. or 1000°C.
-failed to improve the amcunt of tungsten solubilized. These tests show that
NapB0y alone is a very poor reagent for scolubilizing the tungsten values from
the non-magnetic portion of the Tasminex ore composite.

E. NaCl Alone as a ﬁoasting Reagenf.

Previously RaCl was employed as a reasting reagent for the tolal com-
-posite Tasninex semple containing a mixture of surface and subsurface ore. As
reported in the memorandum of lay 2, 1972 to Mr. R. G. Woolery, poor tungsten
solubilization was cbtained. During this interim, 2 few tests were made on the
non-magnetic portion of this total composite using NaCl alone as the roasting
reagent. The conditions and results of these tests are shown in Table VII.
- These tests show that very poor tungsten extractions (less than 7% WO.) vere
obtained., _ : 3

2. Effect of Roasting Temuverature Using YﬂpCO3
Combined with NaCl as a Roasting Reagent

A series of tests were made to determine the effect of the temperature
of the roast on the subsequent solubillization of the tungsten values in the water
leach. In these l-hour roasts, the temperature ranged from 750°C. to 900°C. To
each roast mix was added 18} N32003 along with 18% NaCl. The conditions and re-
sults of these tests are showm in Table VITIT and Flgu*e 3. These tests show that
excellent tungsten solubilization (96%) was obtained at roast temperatures of
850°C. or 900°C. At temperatures of T50°C. or 800°C., the extractions were lower
(89% and 93%, respectively). Another series of tests were made as described
using 21% NanCOy and 24% MaCl in the roast. The conditions and results of these
tests are also shown in Toble VIIT and FPigure 3. These results also show that

at roasting temperatures of 850 or 900°C. higher tungsten solubilization was
obtained (97% and GBp, respectively) than at the lower ftemperaturas of 50 or
800 ¢. {94%% and 95%, respectlvely)
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These tests show that extremely good solubilization of the tungsten
values can be obtained in 900°C. roasts using 189 Na,CO5 and 18% NaCl.

Tests were now made using a lower amount of NapCO; of 12% combined
with NaCl ranging from 2l to 36%. ‘The conditions and resul®s of these tests
are shown in Table III (Tests 5 and 6). The results of these tests show that
by roasting at 900°C. for 1 hour using 12% NaoCO, combined with 36% NaCl, an
extremely high tungsten solubilization of 97% wa§ obtained. The chemical cost
of the reagents to give this high tungsten solubilization of 97% was calculated
to be 13¢ per pound of ¥05 extracted. This calculation is based on NasCQO4 costs
at $35.00 per ton and NaCl at $7.10 per ton. These tests show that a major im-
provemeng in tungsten solubilization and lower chemical costs for roasting were
realized by using a corbination of N&ZCO3 and NaCl instead of Na2C03 alone,

3. Effect of Forming 1" Wet Compact Prior to Roasting
Instead of Roasting Powdered (Ore Concentrate

A test was made to determine if a 1" wet compact could be substituted

- for the powder in a roast. Since extrudates are successfully being used in the

NaCl roast-water leach process of vanadium ores at Arkansas, it would be desirable
to know if extrudates could be employed in the roast of Tasminex materials for
tungsten solubilization. A 1" wet compact was prepared by adding HoO to a mix
containing 2% g. NapCO3 and 2l g, NaCl per 100 g. of non-magnetic portion of

Pasminex total composite. The amount of water added was 13% based on the weight

of the mix containing the reagents of NasCO2 and NaCl or 13 g. of water per 100

~ g. of mix. After roasting at 800°C. for 1 hour, air cooling, pulverizing, and

vater leaching, 95% of the tungsten values was solubilized. The tails contained

10.12% Wo3. By comparison, 95% W03 solubilizaticn was obtained (tails 0.1C% Wo3).
- when a powder was employed in the'roast without HpO. Thus, a 1" wet compact.c2n

be employed instead of a powder in the roast of the non-magnetic portion of the
Tasminex sample. If a concentrate is used that would contain lerger amounts of
materials or compounds in the reduced valence state, another roast test would be
suggested using the 1" wet compact.

L, Effect of Time of Roast on Tunssten Solubilization
in Subseguent Water Leach - :

In the previous memorandum of May 2, 1972 to Mr. R. G. Woolery, it was
stated that 95% of the tungsten vaiunes (tails 0.06% W03) was solubilized after
roasting a composite sample of surface and subsurface Tasminex ore with 12,59

"NapCOs containing 12.5% NaCl for 30 minutes at 800°C. It was found during this

interim that a comparative reast of only 15 minutes at 800°C. would solubilize
Obg of the tungsten valucs (0.08% WOg in tails). This test confirms the results
of the earlier tests which showed that extensive roasting periocds are not required
to produce excellent tungsten solubilizations. -
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5. Effect of Teaching Temperature on the Amount of Tungsten
Values Solubilized in Water Leach of Roasted Cglcines

A few tests were made to determine the effect of the temperature of

. leaching of calcines from a NapCOo-NaCl roast on the amount of tungsten values
dissolved. The calcines produced were made by roasting the non-magnetic portion
of the Tasminex ore composite with 249 NapCO3 along with 249, HaCl for 1 hour at
800°C. The pulverized calcines were leached for 1 hour at room temperature
(23°C.), 60°C., and at the boiling point (102°C.) and then ~filtered &nd washed.
The conditions and resulis cobiazined are shown in Table TX. These results show
that leaching at room temperature produced a slightly lower tungsten recovery
than whey leached at the boiling point (949 at 23°C. versus 96% at the boiling
point). These results show that the tungsten values are readily soluble and
that the leaching temperature is not critieal.

Q3

{/J. 8. Fox

JSFims,



TABLE I

Chemical and Spectrogravhic Analyses of Non-lMagnetic

Portion of Tasminex Cre Composite

(Prepared by N. L. Grauerholz)

-Chemical Analysis

*  Sought

WOB

ﬁpectrographic Analyses

, . Ag

- , Al
P B _ B
il' . . : Ba
.. ' Be

Bi

Ca

Cr

Cu

Fe

Ga

Mg

Mn

Mo

Na

Ni

Fb

Si

: . Sn
‘ ' L Ti
. . . ] v

'. o . W

n

Range in %

- 0.0008-0.008

0.8-8
0.00%-0.04

. 0.002-0.02

0.001-0.01
0.02-0.2
0.3-3.0
0.002-0.02
0.08-0.8
Major
0.003-0.03
0.1-1.0

- 0.08-0.8

0.008-0.08
Q.1~1.
0.001-0.01
0.08-0.8
0.3-3.0
0.08-0.3
0.03-0.3
0.0008-0.008
1-10
6.02-0.2

O
B

&t |
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TABLE II

Screen Analyses of Non-Magnetic Portion_of Tasminex QOre Composite

(Prepared by N. L. Grauerholz)

Wet Screen Analyses

(Tyler Screen Size) % Retained
-65 + 100 - 0.3
ac0+150 . ot
~350 + 200 686
-200 + 270 . | 7.53
-270 + %00 8.6

-1400 - . 76.55



TABLE TIT

Effect of Iz (0. Combined with MaCl in Reast of the Non-
Magnutlc PD“thﬁ ol Tasminex Qre Comnosite on
Subsequsent Solubilization of the Tungsien
Values in the Water Leach

(Non-mag. conc. (2.43% WO3)

| Roast Conditions: (l\a CO, as shown
. (NaCl &s shown

(1 nr. at 800°C.

N82C03 Added NaCl Added
Tk - } -
- Based : % ‘ ' Wo3 A
on Rased in PH WO,
Test Sample #/# viog #/#-wo on %/# Woo  ## wo % WO, Tails of  MateFial
| ._ wt. in Bample  Ext. Sample in Samn%e Ext. Ext'.3 A Filt. Balance
k1 12.0 4.0 6.9 0.0 0.0 .0 71 0.75 "11.1 80
2 12.0 4.9 5.6 18.0 7.4 8.5 87 0.35 10.8 88
3 12,0 kg 56 240 9.9 11.3° 88 0.31 10.6 S0
L 12,0 Y9 5L 36.0 4.8 16.3 91 0.23  10.8 91
5 12.0% . k.9 5.4 2l o% 9.9 11.0 90 0.23 9.9 89
6  12.0% . . 4.9 5.1 36.0% . 14.8 - 15.3 97  0.08  10.9 .83
7 18.0 7.4 9.0 0.0 0.0 0.0 82 0.8 12.2 79
8 18.0 7.4 8.1 12.0 Lh.g - 5.4 91 0.22  11.9 91
g 18.0 7.4 8.0 18.0 7.4 8.0 93 0.17 11.9 ok
10 18.0 7.4 7.8 2k.o 9.9 10.4 95 0.13 11.9 90
11 18.0 - 7.4 7.7 36.0 14.8 15.4 96 0.10 11.7 88
12 2h.0 - 9.9 11.6, 0 0 o 85 0.38 12.6 85
24,0 9.9 10.5 12.0 k9 5.3 gh . 0.1 12,6 - 93
4 . . 2h0 9.9 10.3 18.0 7.4 7.7 96 0.0 12.5 . G5
5 24,0 9.9 10.2 24.0 9.9 . 10.2 96  0.10 12.h4 97
6 24,0 9.9 10.2 36.0 14,8 15.3 a7 0.08 12.5 g6

*Roasted at 900°C.
#*Indicates grams per 100 grams of conc.
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TABLE IV 662205
Effect of Nz2,CO, Combined with Wa,S50), in Reast of the MNon-
Magnetic rortion of TasmincX Ore Comnosite on -
Subsequent Solubilizaticn of Tungsten
Values in VWater Leach
(Non-mag. cone. (2.43% WO.)
f 43 (NagCO h -3
Roast Conditions: aglly as shown
{Nas80L, as shown
(1 hr. at temp. shown
NapCO3 Added - Nap80), Added
P _ ' : '
" Based ¥ ' Based . R WO3 Yo
©on  fif# WOy on  #/# Wo3 : Roast % in . Materi
Test Sample  in #/# W03 Sample  in T #/f W03 Temp. W03 Tails  pH Balanc
No. wt., ~ Sample Ext, wt.  Sample Ext.  °C. Ext. A of Filt. %
e 24,0 9.9 12,1 29.2 . 12.0 4.6 800 82 0.46 12.7 95
. 2k.0 9.9 29.2 12.0 900 ' “l2.1
3 2k,0 - 9.9 29.2  12.0 : 1000 11.9
T TABLE V
- Effect of HayCO, without Other Reagents in Roast of Non-
' - Magnetic Portion of Tasminex Qre Composite on
Subsequent Solubilization of Tungsten
Values in Water Leach
(Non-mag, conec. (2.43% WDé)
Roas‘t Conditions: (NaECO added as Sho"ln
(Roasting temp. as shovn
(1 hr. at roasting temp.
_ NQ?COQ’ f\d.d(:c_l
. ' [ .
D sasea | | Wz %
: on - #/# wo3 Roast in WO,
Test - Sample in #/#-WO3 Temp. 9 WOB . Tails  pH of Matelial
No. wi. Sample Ext. °C. Ext. LA Filt. Balance
1 12 - k.9 6.9 800 7L . 0.75 11.1 80
2 18 7.5 9.0 800 82 0.48 i2.2 79
3 24 9.9 11.6 800 85 0.38 12.6 . 85
b 12 h.g 8.8 900 56 1.13 ° 10.6 85
5 18 7.k 8.9 900 83 0.4k 11.6 92
6 12 4.9 - 1000 2 2.34 10.6 103
7 16 7.4 - 1000 - 25 1.89 . 11.3 113

*Indicates grams per 100 grams of cone,



> | - 662109

TABLE VI

~

Effect of Na,S50, Alons Withcout Cther Reasenis in Roast of MNon-
Magnetic Portion of Tasminex Qre Comoosite on Subszouent
Solubilizatlon of Tungsten Values in Water Leach

(¥on-mag. Conc. (2.439 Wo3)
(Na2S0L as shown

- {Roasting temp. as shown
(1 br. at roasting temp.

Roasﬁ:Conditions:

NaBSOLL Added

ox '
Based : _ W03 : ' - WO
on ' Roast o inT H Materizl

Test - Sample #/# wo £ WOy  Tomp. % Wo ¥ | Tails of Balance

No. wt. - in Sample Ext. °C. . Ext. % Filt. . %

L1 30.6 12.6 _ - 800 "1 2.71 - 6.3 101
L2 61.2 25.2 - 800 3 2.63 6.k 100
. 3 30.6 25.2 - 900 1 : 6.8

Y 30.6 25.2 - 1000 2 7.2

xBased on filtrate and head anal.

TABLE VII
Effect of NaCl Alone Without Other Reagents in Roast of Non-
Magnetic Portion of Tasminex Ore {ompozité on Subsequent
Solubilization of Tungsten Values in Water Leach
- {Non-mag. conc. {2.43% WOs)
Roast Conditions: (NaCl as shown
_ (Roasting temp. as shown
(1 hr. at roasting temp.
. NaCl Added
l' ' o5 _ '
- Bafed : Wog _ WO
: ©oon Roast * in pH Material
Pest Sanple #/# WO #/4# Wog Temn. 4 W03 Talls of Balance
No. wt. in Sample Bxt. R EXt. 7, Filt. %
1 33.2 13.7 - 900 1 - 7.9 ~

¥Indicates grams per 100 grams of conc.
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TABLE VIII
Effect of Roasting Temperature Using Ne,CO, Combined with NaCl
in Roast of Non-lMagnetic Portion ol Tasminex Ore Composite
on Subsequent Solubilization of Tungsten
- Yalues in Water Leach
(Non-mag. conc. (2.43% WO3)
: (Na,CO; as shown
4 . Roast Conditions: {NaCl as shown
~ (Temp. as shown _
(1 hr. at roast tempersture
, Na2C03 Added NaCl Added - S W
. | @* %x : . Mal
. Based . _ Based . . WO3 rir
on : on Roast 9% in pH  Bal
. Test Sample #/# w03 f/# W03 Sample #/# Wog #/# WO3 Temp. WOy Tails of anc
No. vt in Semple Ext. wh. in Sample  Ext. °¢c.  Ext. 4 Filt. 4
1 18.0 7.4 8.3  18.0 7.k 8.3 750 89 0.27 12.1 86
2 18.0 7.4 8.0 1.0 7.4 . 8.0 80 93 0.17 11.9 Gk
3 18.0 7.4 7.7  18.0 7.4 7.7 850 - 96 0.10 11.7 90
R 18.0 /R T 18.0 - T.4 7.7 900 96 0.09 11.7 87
5 2k, 0 9.9 10.5 24,0 9.9 ' 10.5 750 9%  0.16 12.5 92
5 2ko0 9.9  10.2 240 9.9 - 10.2 80 96 0.10 12.k 97!
D 7 2h.0. ' 9.9 10.2 24.0 9.9  10.2 850 97 0.07 12.% 89
8 2o 9.9, 101 . 2ko 9.9 = 100 90 98 0.06 212.2 85

¥Indicates grams pef 100 grams of conc.
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TABLE IX

Effect of Water Leaching Temoerature on Amount of Tungsien Values

Solubjlized from Calcines from Na,CO.-KaCl Roast of

Non-Magnetic Portion of Tasminex Dre Composite
[=v} oy

" Roast Conditions:

§
Water Leach Conditions;
o \ %
 Test  Leach Temp. WO
- No. °C. Exé.
1. 23 . o
2 60 95
3 B.P. (~102°C.) 9

(Non-mag conc. (2.43% w03)
(249 NasCO

(24% NaCl

(800°C. - 1 hr.

(1 hr. at temp. shown
(Pulp density~ 309

{or 3.2 ml. Ho0/g. calcine
{Temp. of leach as shown

: WO
A WO3 PH Material
in of Balance
Tails Filt. 9
0.14 11.5 88
S 0.12 12.3 92
0.1l 12.5 oh

g
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Cozy to Messrs. J.C. Stephenson . Subjoct Tasminex Tungsten
M, Stern \ , : Newport News Rotary Kiln

L.P. Twichell
R.G. Woolery
0.J. Malacarne

SIMMARY AND CONCLUSIONS

- The roaster feed'grade was estimated to be 1,2 percent W03 by assuming

the simultaneous processing of the oxidized and the upgraded unoxidized
ore. For a production rate of 200,000 units of W03 per year,
preliminary sizing indicates that a 12 foot diameter by 200 foot long
rotary kiln will be required to process the specified 25 tons per hour.
Since the Newport News rotary kiln will handle an estlmated 1] tons per
hour, it is too small for this applxcatlon.

- INTRODUCTION

Pfeliminary tests results indicate that all of the Kara I ore cannot be
upgraded. The present processing scheme includes upgrading part of the
ore body and recovering the tungsten by a Najp CO3 - NaCl roast followed

. by water leaching.

The suitability of the rotary kiln at Newport News; Va., for roasting
Tasminex tungsten, ores was evaluated.

ROASTER FEED GRADE

Projection of the preliminary tests results for the Kara I samples gives

the following ore processing scheme:

1.~ About 25 percent of the Kara I ore body is oxidized ore which cannot
be upgraded.
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ROASTER FEED GRADE  CONI'D

2. Another 25 percent is oxidized ore of which an unknown proportion can
be upgraded to 2.5 perceant W03 by a wet magretic separation.

3. - The remaining 50 percent is unoxidized ore which can be upgraded to at

+ least 10 percent WOy with a 90 pexcent recovery using a wet magnetic
7. separation and flotation,

Table 1 shows that the average grade of the roaster feed ranges from
- 1.12 to 1,77 percent W03 depending on the average ore grade and on the . .

~ proportion of the oxidized ore that can be upgraded by a wet magnetic

; separation. The average grade of all the drilling samples to date is
. - 0.65 percent wo3. Also, since upgrading the oxidized ore may not be ,
practical, the most-probable roaster feed grade was taken to be 1.2 percent W0j. -

Depending on the mining plan, it may not be feasible to blend the ore
fractions as indicated. :

. EFFECT OF FEED GRADE

The roaster feed rate calculations were based on the following:

. Plant Capacity = 200, 000 unxts/year
Onstream Time = 90 percent
Overall W03 Recovery 85 percent
(includes upgrading) '
Instantaneous Feed Rate = 600 lb.WO3/Hr
: 30 Units/Hr

. - The required rotary kiln ore feed rates for various feed grades ;are as follows: .
Feed Grade Ore Feed Rate
% N0 _ Tons/Hr.
1.0 : 30
1.2 - - 25
1.5 - 20
2.0

15
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ROTARY KILN CAPACITY

The operation of the following rotary kilns were compared:

¥

Location
-Rifle South Africa RNewport News
Shell Cutside Diameter, ft. 9 B 9 9
‘Belly Outside Diameter, ft. ' 11 " None 11
length of Belly Section, ft. 35 , 17
Overall length, ft. 360 : 180 . . 120

Figure 1 shows the effect of kilm length on the capacity for rotary kilnms
‘of the same diameter. The slope of the line for Union Carbide's roasting
- operations is between those for wet and dry cement kilns., The capacity
- . of the Newport News kiln is estimated to be about 11 tons of oxe feed per
hour. Preliminary sizing indicates that 2 12 foot shell diameter by
200 foot long votary kilm will be required to process the required 25 tons
per hour, ' - _

T.J. Kagetsu/cl
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Run of Mine Ore
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ROASTER FEED GRADE_CALCULATIONS | . - .

Wt. WO3

w  Unoxidized Ore and Half

Unoxldized Ore Upgraded Oxidized Ore' Uppraded

Distribution

1b. ore % W05 1b.
25 0.8 0.2
25 0.8 0.2
50 0.4 0.2

100 0.6 0.6
25 0.88 0,22
25 0.88 0.22
50 0.44 0.22.
100 0.66 0.66

Distribution Grade WL W03 DisEribution Grade WE. WO,

1b. % WO, 1b. 1b. % 10y 1b.

25 0.8 0.2 25 o.n 0.2
25 0.8 0.2 . 7.2% 2.5 0.18
1.8 10 ' 0.18 1.8 __10.0 0.18

0.6  51.8 112 3% 1.65 . 0.56

25 '>  0.88 0,22 25 ' o.és 0.22
25 0.8 0,22 8 2.5 0,20
2 10 0.0 _ 2 - 10,0 0.20
52 . L23 0.64  35 B L1 o2

. % 25 percent of the ore body upgraded to 2.5% W03 by'a wet magnetic separation
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RINING AND FZTALS DIVICICN

Tofomst Mr., L. P. Twichell
diwwos  Mining & Metals Division
Lazatian Union Carbide Corporation
" 270 Park Avenue '
‘Wew York, New York 10017

Cuov:l'#_ " Messgrs. A. W. Heuck (2)'&":’.'"

J. C. Stephenson
M. Stern

-Dear Lew:

Dote

. Osiglnating Dept.

P. 0. BOX 579, NIAGAR4 FALLS, NEW YORK 14302

‘May 4, 1972

‘Research and Developmant Department

Asawaring lettar date - .

" Ssblect

Tasuwinex Ore Samples

Attache'd are our most recent salt roasting results on Tasminex

ore samplés. These data ‘show that 90~18/ of the WO3 is Solublllaed in

a- 30-m1nute roast. u51ng equal portlons of sodlum carbonate and sodium

- chloride. ‘Roasting 'wli:h'elz_:her salt alone proved-unsatlsfacto.ry and

- finer grinding éppeared to have a smalljeffect on increased WO

" RGW/bso

' Attach.,
»

RECEIVED

[ . Im

U. CERBLORATION Coar,

MAY ) 8 Cadd LT

3_recovery;

Very truly yours,

nguD@v&M

~R. G. Wbolery
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COPIES:  R. & D. File
' Messrs. W. B. DeAtley
;. N. L. Grauerholz
D. J. Hansen '

© FROM: 'J. S. Fox

SUBJECT: Recovery of Tungsten Values from Tasminex Tunesten QOre Samples

SUMMARY

Tests were made to improve the roast~leach process for extracting
tungsten values from air-dried (~25°C.) samples of Tasminex ores or concentrates.
This was done by studying the effects of the variables of roasting and leaching

on the amount of tungsten values solubilized in the subsequent water leach.

1. Effect of'Time of Roasting -

Adequate tungsten solublllzatlon of 95% was cbtained in a 1l-hour roast
of a trench sample (B1-B6) containing 1.38% W03 using 12.5% NapCO3 along with

- 12.5% NaCl. This is eguivalent to 9.1 pounds of N32003 and 9.1 pounds of NaCl

per pound of WOz in the samplé., Increasing the roastihg time to 3 hours slightly

improved the W03 solubilization to 97%.

- Adequate WO3 solubilization (95%) was obtained on the total composite
sample in 0.5 hour using the above amounts of NapCO3 and NaCl. Increasing the

: roastlng time to 3 hours did not further improve the WO3 solubilization (95%).

Using the equivalent of 10.3 pounds of NasCO and 10.3 pounds of NaCl

' per nound of WC "in a2 roast of the non-magnetic pdrtipn'of the total composite

"~ sample, 5oh Ui 3 solubilization was obtained. Increasing the reasting time to
3 hours dld not further improve the WOg -solubilization. :

A1l of the above results show that the air-dried (~25°C.) tungsten
samples received to date can be roasted in a relatlvely short time and stlll
dbtaln excellent i03 solubilizations.

2. Effect of Leachinz Time

Tests were made oﬂ leaching of calcines from the roast of a trench
(B1-B6) composite using 12.5% NagCO3 and 12.5% NaCl. in a roast at 800°C. One-
-hour leaches using approxlmately 4 ml. of water per gram of original ore gave

662121
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the same W03 solubilizatiqn (95%) as did the 3-hour leaches.. These tests show

‘that the tungsten values can be readily solublllzed with a leaching time of no
. more than one hour,

3. Effect of Particle Size

_ Roasis were made on samples of a trench composite of surface and sub-
surface ore samples ground to different particle sizes. Adequate WO3 solubili-

" gation {92%) was obtained from roasts at 800°C, using 12,59 Na,C 3 and 12, 5%,
2 )

NaCl on ore ground to pass a minus 8 mesh Tyler screen, while § 501ub1112at10h

- was obtaﬂned in a comparable roasted sample ground to minus 48 mesh. Further

grinding to minus 200 mesh resulted in a WG3 solubilization of" 95%. These re-.
sults show that adequate WO bolublllzatlon in thls sample can be cbtained with-

_ out excessive amounts of grlndlng

4. Effect of NaCl Alone as a Roastlng Reagent on
Total Composite {Surface and Subsurface)

Inadequate WO3 solubilization (less than 20%) was cbtained in roasts

‘of the total composite sample (1. 21% Wo3) using 13 to 33% NaCl in the 1-hour
" roast at 800 c. -

- Effect of Nao(0x Alone as a Roasting Reazent on Total Comp051te
Sample or Non-Maconetic Portion OL Total ComD051Le .

From 80% to 87% W3 solublllzatlon was obtalned in roasts of total com-

- p031te sample (1.21% WO3) using 12% to 2&% NapCO3 in the l-hour roast at 8co°C.

© With 189 to 2%% NaECO3, only 62% tc 63% WO solubilization was obtained

.. in l-hour 800°C. roasts of the Non-magnetic portlon -of the total comp051te sample..

These tests show that NaQCO alone was not as desirable as a roasting

; reagent for sclubilization of the tungsten values ‘as when employed along with

NaCl in roasts at 800°C.

. Effect of NaECO Combined Ulth NaCl as'a Roastlnd Reanent

In 800 C. roasts of either the air-dried C~25 C.) total composite sample
or the air-dried (~25°C.) non-magnetic portion of the total comppsite sample,
better WO, extractions were obtained in 800°C. roasts using Na2003 combined with
an equal weight of NaCl than when either NapCOq or NaCl was employed alone based

“on an equivalent amount of Na in the reagent. “Further tests will be made to check
‘this statement using larger amounts of NapCO3 on the air-dried (~25°C.) non-

magnetic portion of the total composife sample.
DISCUSSION

Since the last memorandum on April 6, 1972, experimental work was con-

. tinued on the recovery of tungsten values from air-dried (~25°C.) Tasminex

tungsten ore samples submitted by Mr. N. L. Grauerholz, The samples used were

" gnalyzed and described in the‘previous_memorandum'to-Mr;;R..G; Woolery of the
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above date. A study was made on-(1) the effect of the roasting time on the

subsequent solubilization ‘of the tungsten values in the water leach, (2} the
effect of the leaching time of the roasted calcines, (3) the effect of the
particle size prior to roasting on the subseqguent tuagsten solwbilizaticon,

and (4) the effect of roasting with FKaCl or NapCO3z alone or MaCl along with.
Na2003 on the subsequent tunssten solubilizaticn of the total composite sample
or the magnetic fraction of the total composmte samplb. '

© 1. Effect of Roasting Time

' Samples of air-dried ( ~25°C.) Tasminex trench composite of BL-B6
(surface ore containing 1.38% WO3 minus 200 mesh) were each roasted for 1, 2, or
3 hours with NaQCO combined with NaCl. The procedure uséd was the same as that

previously descrlbed in the last memcrandum of April &, 1972 to Mr. R. G. Woolery.
"The conditions and results of %hese ‘tests are shown in Table I (Tests 1, 2, and

3). These results sheow that G5¢% 5% of the uungsten was sclubilized in roasts with
a residence time of only 1 hour at 800°C.. and" 97% in 3-hour roasts. These tests
show that adequate fungsten solubilization ecan be achleved in a relatlvely short
roasting perlod of no more than 1 hour. .

Samples of the air-dried {(~25°C,) total composite of Tasminex ore cou-

taining 1.21% W03 (surface and subsurface ores and minus- 200 mesh powder ) were
_each roasted for 0.5, 1.0, 2.0, or 3.0 hours at 8C0°C. with Na,CO; combined with
. - NaCl. - The conditions and‘results of' these tests are also shown in Table I .
 (Tests 4, 5, 6, and 7). These results show that 95% of the tungsten values was =

‘solublllzed in the 30-<minute roast and 95%.in the 3-hour roast. These resultis

‘show that this total composite samplé-can be eagily roasted with NapCQOgy combined

with NaCl to obtain excellent tungsten solubilization in a relatively short
roastlnv period without jeopardizing the tungsten solublllzatlon Tests using

" shorter roasting periods are-planned.

Samples of the non-magnetic poftion_of the total composite ore samrle
{surface and subsurface minus 200 mesh air-dried powder) were each roasted for

-1 or 3 hours with Na,CO, combired with NaCl. . The conditions and results of these

tests are shown in Table T (Tests 8 and 9). In 1 hour, 99% of the tungsten was

-soplubilized compared to 95% in the 3-hour roast.  Again, the results show that

good tungsten: solublllzatlon can be achieved in a relatlvely short roasting

-perlod

2. Effect of Water Leaching Time

Tests were made to Jetermine the effect of the leachlnv time on the
amount of tungsten values solubxllzed from a roast of trench composite B1-BG -
(surface ore 1.38% WO3) using 12.5% KapCO3 aleng with 12. 5% NaCl. The conditions
and results of these tests are shown in Yable II. These results show that leach-
ing the calcines for no wore than 1 hour will solubilize {95% ﬁ03) as much of
the fungsten values as would & leach of 3 hours' duraticn.

L34
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- 3. Effect of Particle Size

A sample of a composite BLl-B6 (surface ore) was obtained whlch Was
ground to minus 8 mesh (Tyler) A split of the minus 8 mesh sample was ground
to minus 200 mesh. ‘A split of the minus 8 mesh was screened through a 48 mesh
screen and the oversize was ground to minus. 48 mesh. Fach sample was given a

wet screen analysis. These results are shown in Table III.

One~hour roast tests at 800°C. were made on each sample using 12.5%
Ha2C03 along with 12,5% NaCl as the roasting reagent. The conditions and results
of thése tests are shown in Table IV. These results show that 627 W0, solubil-
28 mesh
material, and 99% on the minus 200 mesh material. These results show that the
mesh sizesof the thfee'samples tested indicate.that the particle size difference

-in these samples did nol cause but minor differences in the amount of tungsten

solubilized. However, it should be noted that while grinding the ore to minus-
8 mesh a considerable smount of minus 200 mesh material was cbtained {approxi-

- mately 30%), while MS% of minus 200 mesh material was found in the minus 48
- mesh s&mple .

L. Effect of NaCl, Na,COs, or NaCl Combined with NaCl:

Only NaCl in Roaét-of Toﬁal Comnosite Samnle

A few roast tests were made on a comp031te of surface and subsurface

'tungsten ores (l 219, W03) using only NaCl as the roasting reagent in amounts

. " ranging from 13% to 33% of the ore weight. 7These roast tests were made with a

residence time of 1 hour at 800°C. The conditions and results of these tests are
shown in Table V-(Tests 1, 2, and 3). These results show that insufficient
amounts of tuncsten values were solublllzed in any of the tests (less than 20%
Wo4 solublllzed)

Only NagCO§ in Roast of Total Composite.Sample

Two tests were made on the above-mentioned total composite sample using
from approximately 12% to approximately k¢ Na,C0, as the roasting reagent. The
roasting time and temperature were the same as the tests described above. The
conditions and results of these tests are shown in Table V (Tests 4 and 5).

These results show that 80% WC extraction was obtained in Lhe test using 1l. 9%
NapCO3 and 87% in the test UsiBig 23.9% NapCO3. When the roasting time was ex-

" tended to 3 hours in roasts using either.ll.9% Na2C03 or 23.%% N32003, no

further improvement-in W0, soludilizaticn was cobtaindd.. The conditidtns and
results of these tests aré shown in Table V‘(Tests‘6 and ‘7).

Egeggﬁ Corbined with NaCl in Roast of Total Composite Sample

Two roast tests were made on the tobtal composite ore sample (1.21% WOE)

used irn the above tests. In these 800°C. roast ifazsts 12.54 Na (0, combined wit

12,5% NaCl was employed. Onme test had a residence time of 1 hour-and the other
test 3 hours. The conditions and results of these tests are shown in Table V
(Tests & and 9). These tests show that. 90% W03 extraction was obtained in the
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l-hour roast while 95% W03 solubilization was obtained in the 3-hour test. These
tests indicate that a combination of NapCO3 and NaCl is better than roasting with
either reagent separately. This can be seen in Figure .l, where the eguivalent
amount of Na in each reagent or combination of reagents is plotted wversus the WO
extraction. It is much more advantageous economically to substitute part of the
Na,C04 with a cheaper reagent such as NaCl. Further tests will be made to deterw

mine If NapSOL can be used instead of NaCl in the combined reagent roasts since
" -Nag8Qy 1is cheaper than NapCOsz-and is less corrosive and is less of a pollutant

than HaCl.

i NaECO Alone in Roast of Non—Naﬂnetlc Fraction
.of Total Composite Samnle

To further check the effect of the addition of NapCO3 alone as compared
to the addition of NapCO3 along with NaCl in the roast, the following tests were

~ made on the non-magnetic fraction of the total comp031te of Tasminex ore,

Two 1-hour tests were made at a roasting temperature of. 800 C. using
18% and 2&% KNasC04, respectively. The conditions and results of these tests are
shown in Table V ?Tests 10 and 11 and Figure 1). These tests show that inadequate

- amounts of the tungsten values were solubilized in these roasts (62%-63% Wog

SOlublllZatan)

N25CO; Combined with NaCl in Roast of Non~ -
~Magnetic Fraction Total Composite Sample

Several tests were .made in which the non-magnetic portion of the total
composite sample was roasted with NapCO3 combined with NaCl. The conditions and

. results of these tests are shown in Table V {Tests 12, 13, 1k, and 15). These
- tests show that 98.5% of the tungsten velues were solubilized with 249 NapCO

and 24% NaCl in l-hour roasts. With equivalent amounts of Na, 73% W0, solubili-

- zation was obtained in a roast using NapsCOy and NaCl (=£=10. 3% Na) cofipared to

62.49, WOz solubilization when NaECO alone was used (~n-10 3% Na). These results
are also shown in Figure 1 and again show that on an equlvalenu Na basis alone,
it is more advantageous_to use NapCO3 combined with NaCl than with NapCOj alone.

.

SWic®

J(/S. Fox
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- TABLE I
Effect of Time of Roastina on WOQ Solubilization
of Various Tasminex Samples
-
_ , 5800°c.
i : . vy . (Time as shown
Constant Reast Cogdltlons._ (Wet air over powder (-200 M)
(A1l samples - 200 mash powder
'151.Reagents added to Foast o ‘
- Ne2C03 Nell T WO3 g
" - % W03 % Based Jlb./ib. % Ba5ed_ 1b./3o. Time of 9 in pH WO
Test Sample -~ in - on WO - on W03 -~ Roast WO Tails of Material
‘No. Description Sample Ore Wt., in Qre Qre Wt.  in QOre nr.  ExEt. 4 Filt. Balance
1 B-l-38-6 1.38  12.5 9.1 1225 9.4 1.0 95,1 0.07 2.5 92
'  Surface - T o . : o _— , : '
, Comp. o R o e L :
2 B-1-B-6 1.38 12,5 9.1 12.5 9.1 2.0 95.6 0.06 12.5 91
' Surface S L S ‘ A ‘ '
- Comp. T 5 - _ _ _
3  B-1 -B-6  1.38 . 12.5 9.1 - 12.5 9.1 - 3.0 97.0 0.05 2.8 95
: - Surface - o - , - , '
Comp. . L . o - : _ : _
4 7Total Comp.¥ 1.21 . 12.5 10.3 12.5 10.3 0.5%% 95,0 0.06 12,4 o4
5  Total Comp.¥ 1.21  12.5 10.3 12.5 10.3 1.0  90.2 0.12 12.k4 89
-6  Total Comp.¥* 1.21 i2.5 10.3 12,5 0.3 2.0 95.0 0.06 12.4 89
7 Total Comp.¥ 1.21 12.5 10.3 2.5 .3 3.0 95.0 0.06 12.4 91
8  Ton-leg 2.3%  24.0 0.3 24.00 10.3 1.0 98.5 0.04% 12.5 87
Portion of Total Comp. . - '
9  Non-lisg - 2.34 24,0 10.3 24,0 10.3 3.0- 95.0 0.13 12.2 - 90

Portion of Total Comp.

- e A e me e e e ™ e v m mm em . s W ae oEm WA e ms m wm W B e e b omn e B e Ak A T e M M G Sm S g G M B e e mm W em

#Potel composite contains surface and subsurface Tasminax tungsten ores
##1l minutes to reach temverature of 800°C.
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R Effect of Timz of Water lsaching
' of Nanl03-HaCl Roazsted Czleinss

_ _ (Trench Comp. Bl - B-6 (1. 384 WO3) (4 ml. HoO/g. ore
- Roasting (12.5% NapCO3 leach - {B.P. under reflux’
Conditioms: (12.5% NaCl - Conditicns: (Water washed
(8oo°c. : . ) ' (Time as shown
(1 nour - wet air :
leaching . pH WO
Test = Time % Wog q, W03 of MateFial
No. hr. Extracted in Talls Filt. Balance
1 2 95.1 0.07 12,5 92
L B3 _ .%o oot @5 93 __
TABIE TTT

Screen Apalyses of Tasminex Composite
of Surface Trench Samples

- Sereen Size . Sample A o Sample B Sample C

Tyler (Wet Screeninz) . (-8 Mesh) f—hS MEshZ (-200 Mesh)
-8 + 10 _ 3.63 -
-10 + 1% 7.4h2 _ - -
-1k + 20 - g.e8 . -
20 + 28 - 8.7 - .
-28 + 35 8.61 - S -
-35 + 48 - 8.51 - . ' -
48 + 65 _ 5.98 - 18.67 -
-65 + 100 6.43 : 16.18 -
-100 + 150 - ‘ 5.47 11.16 -
-150 + 200 : L.81 ' 8.50 - 0.81
-200 + 270 3.09 5.96 - 5.97
-270 + L00 - T 3.60 : 5.18 18.77
_________ OO LA s
TABIE IV

Effect of Particle Size of Tasminex Trench Samvle Composite
- in Roast on Subsequent Solubilization
of Tungsten Valuss in Yater L8acn

(Trench Comp. Bl - B6 (1.38% wWo3)
_ - (1 nr.
Reast Conditions:  (800°C.
' T (12.59 NapC03429.1 #£/# W0 in ore
(12.5% NaCl=>9.1 #/# WO3 in ore

Test - . B : % Woz . % W03 PH of Material
No. Meshi Size (Tvler)(vet Screening) | _Extraction in Talls Filt. Balance,%
1~ -8 Mesh (See Table IV, Sample A) 92.2 S 011 .5 . 90
2 ~48 Mesh (See Table IV, Sample B) S o%4.3 . 0.08 " - 12.k 91

3 -200 Mesh (See Table IV, Sample C) - 95. l . 0.07 12.5 92
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TABLE V

Effect of NaCl, NaoC0a, or NaCl Combined with NasC03

3 ) %)
In Roast of Tasminex Tungsten Ore Samples 6 62126
on Solubilization of Tungsten Values
in Subsequent Water Leach
T (-200 mesh powder e
Constant Roast Conditions: (800°C.
' (Wet air over bed
Total
S =X Ne
_ R Reagents Added to Roast = Added WO3
_ % WO3 - Roast NaCl NapCO03 to in’ PH Wo
Test _ in Time #/#03 #/#WO3 . Roast % Wo Tails  of Matefial
No. Sample Tested Sample hr. % in Ore in Ore 4 = Extracled 9 Filt. Bal., %
Effect of NaCl alone (Total Composite) ,
1l Surface & Subsurface or Total ' s o g
o Comp. 1.21 1.0 “13.2 10.9 0.0 0.0 5.2 10,0 1.10 8.0 103
2 noooow " " 1.21 1.0 26.3 21.7 0.0 0.0 10.3 6.9 1.10 7.5 96
3 " " " " 1.21 1.0 33.2 27.4 0.0 0.0 13.0 19,3 0.95 7.7 96
" Effect of NaosCO~ slone (Total Composite) - : ,
Y m i LG Tr.2r 1 0.0 0.0 11.9 9.8 5.2 79.7 0.25 12,2 93
5 Mo, " " .21 1 0.0 0.0 23.9 19.8 10.3 86.6 0.16 12.9 ol
6 " " i " 1.21 3 0.0 0,0 1.9 9.8 5.2 78.0 0.27 12,0 99
7 LM e ot 1.21 3 0.0 0.0 23.9 19.8 10.3 80.2 0.2 12.9 96
Effect of NaCl Combined with NaoCO3 (Total Composite) L | _
g —r : " 1,21 1 12.5 10.3 12.5 10.3 10.3  90.2  0.12 12,4 89
9 L " S " o.21 3 12,5 - 10.3 12.5 10.3 10.3 95,0 0.06 12.4 91 .
Effect of NapCO3 alone (Non-Magnetic Portion of Total Composite) : _ :
10  Non-Mag Portion of Total Comp. 2.3% 1 0.0 0,0 18.0 7.7 7.81 62 .4 1.02 12.6 98
8 S meoooo " 2.34 1 0.0 .0.0 24.0 10.3 10.} 62.7 1.00 12.8 105
Effect of NaCl Combined with NesCO2 (Non-Magnetic Portion of Total Composite) .
10 T iT w 03 T 573 3 12,5 5.3 12.5 5.3 10.3 73.2 0.72 10.3 100
13 " woom a " "o 34 3 18.0 7.7 18.0 7.7 14,9 g1.5 0.23 12.2 89
LS moomoom " " vo2.3h 1 24,0 10.3 2.0 10.3 19.8 98,5 0.04 12,5 87
15 " neoon " " 3 24,0 10.3 24.0 10.3 19.8 95,0 0.13 12.2 90

"o, 3k
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FIGRE1 . | . | T .
Effect pof’ Eogullvalent Amounts of]l Na friom Vanlous S[adium Salts [in
- [Reast of Tunssten [Containing Samples
. N
' ' , ' - B I _ Non-}dagnetic Portion off Total|l Composite
| Totall Composite Sample _(Air Dried) | . o ' Jod Semplle (Alx] Drica) l—
e added i equal —’"“-\ : o . L T ' 1 hdur rofst ¥
amouf'ts ol NaECOE- A= fid added in edual arjounts ' i 7 l__.-_-_h..fi‘
and §aCl (3 nr. ildast) | £\¢lf NepCd3 and [#aCl (1 hr. jroast) . : N Y e _
. TR " , NE Iad I equEiy = o
| Jo- (e adied ag azeds | | zmodnts of I\IHQCL._,E ,
I hil. roast : / - : end NaCl - )
- T T e e T e [ - - . . 8@ —-— ~ ‘!‘ . -——-;/ ]
P17 8 3 hor roadt<” ' co ‘ : 3 hour ) _ .
: ¢ : rNoast /
/A
/
; ;
5| N e
| A | s Na added as M 2003
s e e =69 (4-hour-lroast)
3 T '
= i ~
O 0
2 v
1G] 32}
2 2
ko X L 5> Lo
25 — a-added : 201 - 1
§ NaCH A i : .
1 houy roast])
J':/\
e - 0. .
I T N T N S | 5 10 Y e
Equin{dlcntéﬁé Y¥a jadded (Lo rogst in variogs forns -+ [Hguivalent § Na added tn, z‘oasil In viricus E:‘or::s
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FILINIS LTND PEINSLD SiviZiTIr : " P. 0. BOX 579, NAGHIA TALLS, NEW YOur iaan

Toitomel Mr. L. P. Twichell Date May 3, 1972
Pieides  Mining & Metals Division ‘ )
Union Carbide Corporation
270 Park Ave. _ : R
New York, New York 10017 o Aeewering lettr date

focntinn Qiiginaling Dept, Research und Develupment Depuilment

Cesvt= -~ Messrs. A. W. Heuck (2) | - Soblect Tasminex, Kara #1
J. C. Stephenson _ - Mineralogicdal Studies-

‘M. Stern -

§

Dear Lew:

'  Attached is the present status of our mineralogical work on the six
. trench samples from Tasminex, Kara #l.

I believe the important significance of this work is that Ed has found
- what might be a correlation between the oxidized zone at higher elevation and
that of lower elevation that could explain the difference in amenability of
the two areas to magnetic beneficiation. If you remember from Norm Grauerholz's
work, he obtained good beneficiation results from Trench 6 where as in Trench 1
through 5 from atop the hill upgrading was only marginal at best.

Ed has observed that in the higher elevation there is a predominance of
goethite (poor amenability) to an almost total lack of goethite at the lower
elevation (good amenability). He has speculated thar this reflects a higher
degree of laterization at the higher elevation. Because we have looked at only
one sample from the lower elevation, it is difficult to place too much confidence
in this hypothesis. Thevefore, if we are to receive additional samples from
Tasminex, we would appreciate the cooperation of the geologlst in obtaining
samples that would be meaningful in prov1ng or dlsprov1ng Ed's theory.

. The occurrence of tungsten in the enriched oxidized zome is still under
investigation. The non-scheelite tungsten is assumed to be present as vagrant
ions in one or more of the gangue minerals. Evidence thus far indicates the
most likely host is goethite, and additional studies are planned in an attempt
to confirm these assumptlons.

Very truly yours,

" R. G. Woolery_“”
RGW/bsn E .
Attach.



TO:

COPIES}

FROM:

q. SUBJECT :

Mr. R. G. WOoleryv////f

662131

Research & Development Department
Mining & Metals Division - UCC
Niagara Falls, New York

April 26, 1972

MEMORANDUM .

e — o — p— O moa e —

R. & D. File
Messrs. N. L. Grauerholz
D. J. Hansen

E. E. Anderson

Mineralogy of Tasminex Tungsten Samples

Studies of the nine samples from the Tasminex, Kara No. 1 tungsten

deposit employing physical, chemical, X-ray, and optical techniques continued
during the month of March in an effort to determine the mineralogy and to
interpret this information in terms of amenability variations and extent and
distribution of ore facies. Samples Bl and B6 were chosen initially for de-
tailed mineralogic study because they appeared to represent two distinct tyvpes
of near surface material from the trenches. Detailed studies of the other
samples have also been started.

Interpretation of X-ray diffraction analyses of the six trench and

three drill hole samples from the Tasminex project is summarized in Table T.

It will be seen that these samples vary somewhat in degree of oxidation and
hydration as witnessed by the relative abundances of magnetite (Fe30h), hema-
tite (Fep03), and goethite (HFeO2). The other minerals recognized in the X-ray
patterns of the head samples were diopside (C&MgSlgos), vesuvianite

. [Ca10(Mg, Fe)2A1LSi Oih(OH)hJ and scheelite? (CaWoOy) in the deepest core sample;
and gibbsite[Al(0H quartz (8102) and clay minerals in the near surface
samples.

Tables II through IV show the relative abundance of the mineral con-

stituents and tungsten concentration in various gravity (heavy liquld) and
magnetic (Frantz) fractions from Samples Bl and B6.
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Studies of density and magnetic fractions permit the identification of
minerals not sufficiently abundant in the head samples to be detected by X-ray
diffraction, 1In this manner the following minerals and/or occurrences have been.
noted. Scheelite and/or stoltzite (PbWOL) are present to some degree in all
samples but account for most or all of the tungsten only in Samples B6 and 3102/3.
It is interesting that these same two samples contain almost no goethite, Traces
of goethite are detectable only in selected fractions of these samples subjected
to heavy liquid and high-intensity magnetic treatments. Similarly, the hydrated
garnet, mineral hibschite (3Ca0-A1p03.25105+2Ho0) and epidote [Cap(Al,Fe)o-
OHSi3ﬁlOlg]'were detected in severa% high-intensity magnetic fractions of &
methylene iodide sink product from Sample B6 (see Table IV).

Correlation of the mineralogic composition, sample location, and eleva-
tion of the near surface samples suggests that we are dealing with a classic
example of the process of laterization. In this process the original calcium-
iron-aluminum-silicate minerals are progressively altered to various clay minerals
and then to hematite, goethite, and gibbsite. Similarly, the magnetite is altered
to hematite and goethite. This is reflected chemically by progressive depletion
of calcium and silicon coupled with a residual concentration of aluminum and iron.
Departures from an ideal laterization sequence are present and can most likely be
explained by variations in drainage and/or original composition. In the case of
the Kara property, the laterization process also residually concentrated the
tungsten. Since the amounts of scheelite and stoltzite detected in the near
surface samples are insufficient to account for the tungsten present and since
no additional tungsten minerals have as yet been established, the most promising
assumption at this time would be that the tungsten is present as vagrant ions in
one or more of the "gangue" minerals., From the data presented in Table III, the
most likely tungsten host would be goethite, This will be investigated further
next month. .

The shift from dominance of goethite at higher elevations (Samples Bl,
B2, B3 and B102/1) to dominance of magnetite down the hill or at depth (B4, BS, B,
B102/2, and B102/3) suggests questions as to the relative abundance and distribu-
tion of the high-grade secondary material and the primary scheelite ore., These
preliminary studies and the maps and section provided by L. Wright indicate that
the residually-enriched zone is about 50 feet thick in the viecinity of drill holes
. DD101 and 102 near the top of the hill. More drill hole samples should be studied
to determine the distribution and thickness of the enriched zone elsewhere. It is
feasible that the study of additional samples, particularly those from the primary
zone, could result in the development of criteria for distinguishing between

. primary and. secondary ore types, .- - = .,

The distribution of tungsten values in three density fractions and the
hand magnetic fraction is shown in Table V. In this study the highly magnetic
material, magnetite and locked non-magnetics, has been removed from two size frac-
tions from each sample. The sized, non-magnetic fractions were first separated
into floabt and sink products in acetylene tetrabromide at a specific gravity of
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2.,96. The sink products from the 2.96 liquid were further separated in methylene
iodide at a specific gravity of 3.33. Table VI shows the portions of each sample
reporting to the various fractions. SR :

From Table V it is quite evident that the tungsten is most highly con-
centrated in the sink fractions at 3.33 of the non-magnetic fractions, These
fractions are being investigated further and the oufcome of these studies will be
reported at a later date. '

¥ .

Study of polished thin sections from the core samples (B102/2 and B102/3)
and a residual rock fragment from Sample B6 shows that the magnetite is partially
oxidized to hematite and goethite in even the freshest of these (see Figure 1).
Iron and copper sulfides are present in B102/2 and B102/3. Pyrite (FeSp) occurs

. as minute anhedral crystals on the order of one micron in diameter, disseminated

in some of the magnetite (see Figure 2). Larger pyrite crystals apd intergrowths
of chalcopyrite (CuFeSp), covelite (CuS), chalcocite (CupS), and bornite (CusFeSy)
occasionally occur as inclusions in magnetite, but more commonly ocecur filling
intersticés between magnetite, scheelite, and silicate mineral grains (Figure 3).
In B102/3 the minerals scheelite, magnetite, and the sulfides are commonly con-
centrated in lenses or bands in the silicate host rock (Figure 4). The scheelite
pods are gquite coarse, sometimes measuring as much as Tive millimeters in long
dimension. : TR

. Z’Z lodizm

- E. E. Anderson

EEA:Gmp
Attach.



MINERALOGIC COMPOSITION OF TASMINEX HEAD SAMPLES'ASVDETERMINED BY X~RAY DIFFRACTION *

o  eg2t34 o R

TABLE T

Sample J} Mognetite . Hematite Goethité ‘Digpside Vesuvianite Gibbsite Quartz _ Cl
- _ _ . - _ K TR

—
-Bl_ moderate major _ minor _ - : _ trace trace trace

B2 mino::f . minor -' major . _ : _' .' trace ltrace _ _
B3 | .modera"t.e major minor - ' _ trace _ _
Bb . ~major moderate minor _ _ “trace? trace trace _
BS ' mejor minor  minor - _ o - trace _ _
‘B6  major  minor | o - R | L “ _  trace _
B102/1 mejor.  minor | mpdérate o _ - _trace trace trace?
‘B102/2 major | minor trace . S | _ . - trace  minor _

' B102/3 ‘major ninor _ minor minor

— 3 — . — —

. % See text for additional minerals detected in subfractiomns.
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TABLE TI

i

MINERALOGIC COMPOSITION OF FRANTZ MAGNETIC FRACTIONS OF 2.95 g/cc FLOAT PRODUCT

OF IAND NON-MAGNETIC, 65 X 100 M PCRTION OF TASMINEX SAMPLE Bl

. o e Spectrographic
Fraction Gibbsite . Quartz 14A Clay TA Clay .. . Tungsten
Magnetic o -
& 0.1A minor noderate _ . .06-.6
Magnetic '
2 0.4A minor modersate major _ .08-.8
Magnetic ' :
2 0.8A minor minor major ma jor? 1-1.
- HNon-
Magnetic S '
@ 0.8a major major minor = minor? .08-.8
65 X 100 M
2.956 Float .8-8.

TABLE IIT

MINERAIOGIC COMPOSITION OF FRANTZ MAGRETIC FRACTIONS OF 3.33 g/cc SINK PRODUCT.

OF HAND NON-MAGNETIC, 65 X 100 M PERTION OF TASMINEX SAMPLE Bl

Spectrographic

Fraction _Goethite Hemamtite Mégnetite Tungsten -
65 X 100 M . _
3.33 8ink ' _ . M
2" Hand Meg major minor " trace M
- Magnetic
@ 0.hA msjoxr minor trace M
MagneticA -
@ 0.8A ma jor minor _ : M
Non- , _
Magnetic insufficient sample for analysis

@ Q;&A ‘




TABLE IV
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MINERALOGIC COMPOSITION OF FRANTZ MAGNETIC FRACTIONS OF 3.33 g/cc SINK PRODUCT
OF HAND NON~MAGNETIC PORTIONS OF TASMINEX SAMPLE B6

Spectrographic

65 X 100 M
3.33 Sink

Magnetic ‘
2 0.4A major moderate  trace

Magnetic :
@ 1.24 major trace =  minor

Non- §
Magnetic
@ EL.2A ) . - - -

100 X 200 M
3.33 Sink

Magnetic

@ 0.4a moderate moderaste minor

Magnetic - ‘ o
@ 0.84 ma jor ~ trace - minor

Magnetic ‘ : :
@ 1.2A - major .. hrace . minor

Non-
Magnetic | |
@ 1.24 - T - ' -

minor

trace

major

trace

trace

major -

trace

trace

Fraction Vesuvianite Hibschite FEpidote Scheelite Goethite Tungsten

M

2-"200

.08-.8

1.-10.

008" 28 | )

- .08-'-8
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TABLE V

DISTRIBUTION OF SEMIQUANTITATIVE TUNGSTEN VALUES OF
HAND MAGNETIC AND HAND NON-MAGNETIC DENSITY FRACTIONS

Heond Non-Magnetic

. Hand Float  Float Sink
Sample # Magnetic @ 2.96 @ 3.33 @ 3.33
§B1 65X100M .8-8. .8-8. : .8-8. M
151 100X200M .8-8. * : - .8-8. M
B2 100X200M .3-3. Oh- b _ .8-8. M
B2 200x325M  Jh-b. Okl .8-8. M
B3 100X200M .1-1.'_ ~.08-.8 . .8-8. M
B3 200X325M  .8-8. .08-.8 t' .8-8. M
Bl 100X200M - .8-8. .8-8. . M | M
"Bl 200x325M S I el M
B5 100X200M 22, ey, | .g-8. M
B5 200X325M "'.h-h. : bah, o 1.-10. | M
B6 é5x100M | Obek - .1-1. o .08-.8 | M
B6 100X200M .02-u2 A-1. 0 -03-.3 M
B102/1 100X200M .08-.8  .08-.8  .08-.8 M
B102/1--200X325M | R/ | .08-.8 .08-.8 M
B102/2 100X200M L1-1. -. | .08-.8 .8-8. M
B102/2 200X3251 bk, o .08-.8 .8-8. MV
B102/3 100¥200¥. not detected _‘.oéar:oa‘_ not detected .8-8.
B102/3 200%325M - .Ol-.1 .008-.08 ~ - .008-.08 2.-20.

% This fraction subdivided on Frantz wagnetic separator. See Table II



TABLE VI

% SAMPLE DISTRIBUTTION BY FRACTION

- Hand Non-Magnetic

Hend Float . Float Sink

Sample # - __Magnetic @ 2.96 _ @ 3.33 @ 3.33

B2 100X200M o 8 ST 58

ko 200x325M e ook o 62

B3 100X200M o | T 17 69

B3 200X325M 1B o S 13 63

.' ' B4 100X200M | 16 19 | 22 ) ' 59

o B4 200X325M 21 2 o ', ©o20 59

BS 100K200M b s a0

BS 200X3é5M_ | 2 18 26 : 56

Bl02/1 100ke0OM 10 22 i3 35

B102/1 2003254 15 o 8 3

. B102/2 100X200M 0 o wm | a3 46

| B102/2 200X325M 13 | Y 19 5

B102/3 100K200M - 19 e 30 58

. .BlC2/3.:QOOX325M 27 17 . 29 '_ 5l




Figure 1. Photomicrograph of section of core from sample B1l02/3 showing partial .
alteration of magnetite!{medium gray) by hematite am goethite (lighter gray).

White spots are tiny pyrite crystals. Black areas are holes in polished section.
Reflected light, 310X - .

Flgure 2. Photomicrograph of section of core from sample }3102/ 3. Same minerals as
Figure 1 showing detail of pyrite. Reflected light, 1000X -




_ Transmitted light, 2.7X

- N hb2 140

Figure 3.  Photomicrograph of section of core from sample B102/3. Intergrowth of
chalcopyrite (lightest gray) snd bornite (dark medium gray) partially replaced by
chalcocite (intermediate gray). Rough darker gray in corner is magnetite.

Reflected light, 155X : _

]

e e ! -

Figure 4. Photomicrograph of whole thin section of core from sample 3162/3., »
Magnetite (black) - scheelite (white) pods and bands in silicate matrix (gray).

s
'
|
i
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- April 21, 1972

P. 0. BOX 573, NAGARS FALLS, NEV/ YORK 14202

wivion 38th Floor, 270 Park Avenue
wotien New York, N. Y. 10017 Qriginaring D.pf.. . Research and Development Department
Answsring l-ﬂ.f. dete
oy te Mr. J. C. Stephenson Subledt Tasminex Tungsten Processing
’ Dr. M. Stern Progress During March, 1972
Mr. A. y. Heuck A
Dear lLew:
o Efforts during March were concentfated on means of phyéically
. beneficlating the oxidized surface ore (trench samples) and also, the direct

extraction of the tungsten values from untreated ore.:
tained in the attached reports.

Magnetic separation of the oxidized samples resulted in a sig-

.The details are con-

nificant upgrading of the ore; however, the losses encountered may be pro-

hibitive. A summary of the six <test samples is as follows:

Sample No.

Heads

% Grade - WO,

Mags Non-Mags

B-1 Trench 3 35- 60'
B-2 Trench 20 130-150"
- B~3 Trench 16 20- 45!
B~4 Trench 18 80-105"'
B-5 Trench L4 70-100'
B-6 Trench 13 500-520"

1,16
1.32
1.51
1.11
1.76
0.75

0.52
0.3%

. 0.58

0.54
0.58
0.09

1.79
- 2.05
2.1

2.11
3.94
3.79

4 Distribution Non-Mags

i’
50.3

69 .4

50.7
364

35.1
17.8

HO3

777
92.1

81.1.

69.0
8.7
90.1

Obviously, on ores comparable to B-6 it is advantageous to upgrade
The remaining
It is also apparent that the degree of oxidation
is pronably much less in sample B-6 as compared to the others.

by magnetic separation.
samples ere questionable.

B-2 would probably be satisfactory.

In each of the above ores, a standard flotation was made on the non- -
~magnetic fraction. In no case was the result sufflciently encouraging as to
indicate any amenaoillty to flotatlon.




N To: Mr, L. P. Twichell 2~ , L/21/72

; --. | . " _ | ' 66~“49

Some addltlonal preliminary extraction tests were also completed
~during March In all, three dlfferent routes were examined.

1. NayCO;-NaCl roast at 800°¢
2. NaOH Jeach
3. NaOH bake

Of the three only the NaxCO -NaCl roast tests show promise. Tungsten exirac-
tion exceeding 90% was achiéved with rather large concentration of salt. -
Indicafions are that from 300-700 pounds of salt per ton of ore are required.
depending, apparently, upon the grade of the feed. Preliminary estimates
indicate a roast reagent cost of from $2.50 to $5.00 per stu W03 to cbtain

a 90%+ tungsten solubilization. In all cases the tungsten is recovered by

a water leach. ' B _

R. G. Woolery -

P.5. to A. W. Heuck _ N ' : .
We are no longer send.mg any data to Dave Mathis. I assume if you want him
to have this information you will forward it. - _ : o ‘
. ) ’ . . R.GIW. ‘
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P ) _ _ - Research & Development Department
P.0.Box 579, Niagara Falls, N.Y.
April 20, 1972

MEMORANDUM

et e W eime thee WA i by S

T0: Mr. R. G. Woolery
CC: Messrs. W. B. DeAtley
' J. S. Fox
D. J. Hansen
R § D File

FROM: y. L. Grauerholz

SUBJECT: Recovery of Tungsten Values from Tasminex Tungsten Ore Samples

Summagx

. ' Flotation tests have been conducted on individual trench samples. The
~ tests to date have not revealed any significant recovery or tungsten concentra-
tion in the flotation concentrate. It does not appear that any of the trench

samples will be amenable to upgrading by flotation.

Composite samples and samples with the magnetite removed were given to
the Hydrometallurgical Section for roast-leach tests. The results from these
tests will be the subject of a separate report.

Discussion

Preliminary flotation tests were conducted on the nonmagnetic fraction
~ from 1000-gram test charges of Surface Trench Samples B1-B6. The magnetic
. fraction was removed with a laboratory magnetic drum separator. The nonmag-
netic fraction was ground to minus 100 mesh, with sodjum carbonate and sodium
silicate added to the grind, Sodium oleate was used as a collector rather than
oleic acid, The rougher concentrate was cleaned by reflotation,

The magnetic separation~flotation tests on Trench Samples B1-B6 are
. shown in Table I through Table VI, attached. These results show that the mag-
- netic iron fraction still carries substantial tungsten. None of these tests
succeeded in producing a tungsten concentrate; however, B6, Trench 13, contained
more scheelite and was more amenable to flotation,

The beneficiation of the ore by flotation has not been successful, but
preliminary indications are that the ore can be treated by roasting and leaching.
. The- success of .the roast-leach process will depend en gconomics. . Additional test
work will be conducted toward this route. If the tungsten content of the mag-
netic fraction in this ore could be lowered, considerable upgrading could be
accomplished and the roast-leach step would be more attractive. Additional tests.
are planned to determine if flne gr;ndlng will liberate the tungsten values from

the magnetic fraction.
D8 s dil”
N. L. '

Grauerholz ()

NLG:rvg
Attach.
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TABLE I

.

Tasminex Amenability Test

Magnetic Separation-Flotation Concentration

B-1 Trench 3 35-60"

Sample: 1000 Grams - 8 Mesh Ore _
§ Magnetic Iron Removed - Nonmags Ground
‘ : - for Flotation

Reagents, Lb./Ton of Original Ore

Min _ * Sodium
Time -  pH Na,COz. = Na,5i0s Calgon = Oleate
Grind 5 7.6 0.4 0.4 |
Cond. 3 9.1 2.0 - 0.4 0.4
R. Float. 8 ' - : , : ‘ 0.50 (Staged)
Cl. Flot. 3 0.4 0.25 (Staged)
y
, o - o F
% Wt. % W03 ~ Dist. W03
Mag. Conc. 49,7, 0.52 - 22.3
R. Tail 47.4 1.72 70.2
Cl. Tail 1.5 2,55 - 3.3
Cl. Conc. 1.4 ~ 3,50 4.2
Calculated - DR 100.0  ° 1.16  100.0
Actual o - ' . 1.55

Remarks: . No scheelite detected by U.V.

-
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Tasminex Amenability Test

-~

-

TABLE 11
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Magnetic Separation-Fiotation Concentration

Trench 20

130-150"

1000 Grams - 8 Mesh Ore

Magnetic Iron Removed - Nonmags Ground

B-2-
Sample:
i
Min
- Time pi
Grind 5 7.6
Cond. _3' 3.0
R. Flot. 12 8.0
€1, Flot. 6 8.6
: % Wt.
Mag. Conc. 30.6
R. Tail 47.8
Cl. Tail 18.3
Cl. Conc. 3.3
Calculated 100.0
Actual .
Remarksﬁ

for Flotation

Reagents Lb./Ton of Original QOre

Na,CO0s
0
0

4
4

NapSiOz

. 0.4

IC.Z

0.8

B
oo o ~g

« o
~N W

100.0

Sodium

~ "Qleate

0.6 (Staged) .

.  Dist. W03
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TABLE IIT

Tasminex Amenability Test

" Magnetic Separation-Flotation Concentration

B-3  Trench 16 _ 20-L5!

$ ' Sample: 1000 Grams - 8 Mesh Ore
: Magnetic Iron Removed - Nonmags Ground
e - for Flotation
: _Reagents Lb./Ton of Original Ore
Min- o ] - ' R SOdium
| . Time - | QH - NapsCO3 NaESiO3 QIegte
Grind -5 8,3 0.b S 0.b
R. Flot. SR - 8.3 " 0.75 (Staged)
€. Flot. . 5 8.3 . 0.8 -
7. % Wt.‘ % Wos U Dist. W03 .
Mag. Conec. 49.3 0.58 - 18.9 '
R. Tail ' 19.7 S 2.78 . 36.2
Cl. Tail - 28.6 2.22 k2.0
Cl. Conc. . 2.h 1.77 2.9
Calculated 100.0 1.5 . 100.0
Actual = L S Y3 | |

Remarks: No scheelite detected by U.V. -
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TABLE IV

Tasminex Amenability Test

Magnetic Separation-Flotation Concentration

B-L  Trench 18  80-105'

. I |
Min, . ' Reagggﬁs Lb,/Ton Original Ore
- Time . P NapC03 &23103‘ | Unitol Dsll
Grind 5 8.0 1.0
Cond. No. 1 3 8.1 2.0 A .
Cond. No. 2 3 9.3 3.0 . L.5 .
R. Flot. 10. 9.3 ‘ 0.25 (Staged).
Cl. Flot. 5 9.5 0.5 Rt
| 4 W, £Wo3  Dist, WOz
Mag. Conc. 63.61 . 0.5% 31,05
R. Tail - 33.53 1.91 57.90
Cl. Tail | 2,50 2.08 .70
Conc. . : - _0.36 19.51 6.35
Calculated 100,00 1,11 - 100.00
Actual , | ‘_,' 1.29

- Remarks: No scheelite detected by U.V.
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TABLE V

Tasminex Amenability Test

~ Magnetic Separation-Flotation Concentration

B-5 . Trench 4 70-100"

4 _Reagénté, Lb./Ton Ofiginal'Ore
Min. : : Sodium
Tlme_ pH . ggzggs- E325103 ] Olgate
: Grind 5 - 7.6 0.4 0.4 _
. R. Flot. - 10 8.2 o o 0.75 (staged) ©
Ci. Flot. 8 9.1 0.2 0.7 - 0.20 (staged) .
§ Wt. 3 WO,  Dist. WO,
Mag. Conc. o 64.9 0.58 0 21.3
2nd Mag. Conc.(3) 1.7 1.27 1.2
_ R. Tail , ' o 24.0 4.06 - 55.0
' Cl. Tail S 9.1 422 . 21.6
Cl. Conc. | .3 4.78 - 0.9
Calculated o 1 100.0  1.76 100,0
Actual IR L1 *

o N .__.(1)

. Magnetic Fraction removed after grinding original nonmags.

L]
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TABLE VI |

Tasminex Amenability Test

Magnetic Separation-Flotation Concentration

B-5  Trench 13 500-520!

; \ .
_ Reagents Lb./Ton of Original Ore
Min. o : - . Sodium
- Time - pH . Na,C03 . NayS8il0sz Oleate
. Grind 5 " 7.8 0.4 0.4 |
.. . Cond. 3 8.2 0.4 1.2 . .
Y R.Flot. - 12 8.2 ) SR . 0.8 (Staged) ..
Cl. Flot. 5 8.8 0.25 0.8 0.2 (Staged):_l
% Wt % WOz Dist. W03
Mag. Conc. | 82.2 0.09 9.9
2nd Mag. Conc. o 0.9 - 0.52 o - 0.7
R. Tail o 1.7 0.67 . 10.5
Cl. Tail ' 1.3 - 2,35 S .4.0
Cl. Conc. 3.9 14,19 74.9
Calculated ' 100.6 -~ -0.75 £100.0
Actual - . 0.68

Remarks: Cleaned concentrate contains much scheelite
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T0:  Mr. R. G. wOolerr/'
.COPIES: Messrs. W. B. DeAtley

N. L. Grauerholz
D. J. Hansen

FROM: §J. S. Fox

SUBJECT: Redovery of Tungsten Values from Tasﬁinex Tungsten Qre Samples

SUMMARY

A few preliminary tests were made to extract the tungsten values from
various Tasminex samples.- Roasting tests were made using a mixture of NasCOq-
NaCl as the roasting reagent. NaOH leaching tests and a few NaOH bake tests
were also made to solubilize the tungsten values. :

Excellent tungsten extractions of 9% to 97% were obtained from a
composite of either surface trench samples or a composite made of surface and
subsurface samples by a 12-1/2% Na2003-12~l/2% NaCl roast at 800°C. The result-
ing solution from the surface ore composite did not contain any excessive amounts.
of cbjectionable impurities. The cost of chemicals to recover 95% to 97% of the
tungsten values from each of these two composites would be about 20 to 23 cents
per pound of extracted WO3 based on NapCOs at $35 per ton and NaCl at $7.10 per
ton. : '

Roast tests on the non-magnetic fraction of the subsurface ore {core
sample) showed that 90% of the tungsten values could be solubilized by a 12~1/2%
Na,C04-12-1/2% NaCl roast. With 2k NapCO4-2l% NaCl in the roast, 98% of the
tungsfen values was solubilized in the water leach.-

Roasts on the non-magnetic portion of the composite of the surface and
.subsurface ore showed that 92% of the tungsten values could be solubilized in an
18% NapC03-18% NaCl roast and 95% of the values could be solubilized using 2kg,
NayCO3~24% NaCl in the roast. The chemical cost' to recover 95% of the tungsten
values would be about 23 cents per pound of WOB extracted. -

'NaOH leach tests at atmospheric pressure and at the boiling point
employing the equivalent of 50 to LOO pounds of NaOH per ton did not solubilize
more than 34% of the tungsten values.. This amount of solubilization is inadequate.
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A few bake tests were made to solubilize the tungsten values. The
surface ore composite was mixed with an NaOH solution and baked overnight at
242°C. The residue was water leached, and under conditions in which the
equivalent of 50 pounds of NaOH per- ton was employed, an ilnadequate extraction
of 35% W03 was obtained. When the equivalent of 200 pounds of NaOH was em~
ployed per ton of ore, an extraction of T7% V03 was obtained. This bake
procedure was not as attractive as the roast procedure for solubilization of
the tungsten values.

DISCUSSION ~
[

Experimental work was performed to recover the tungsten values from
- Tasminex ore found in Australia.

: This ore composite of equal ﬁeights of B-1, B-2, B-3, B-l, B~5, and
B-6 contains 1.38% WO5. The chemical and spectrographic analyses of this com-
posite are shown in Table I.

The drill core sample taken at 102'-1-3' was magnetically treated to
remove the magnetic materials. The non-msgnetic portions contained 23.7% of the
weight of the original core sample and 87.0% of the tungsten based on the separa-
tion made by Mr. N. L. Grauerholz. The non-magnetic concentrate contained 2.09%
W0z. The chemical and spectrographic analyses of this concentrate are also shown

in"Table I. The magnetic portion contained 0.10% WO5.

A total composite was made containing equal weights of three core sampleé o

and 6 trench samples, B-1l through B-6. The chemical and spectrographic analyses
of this total composite are shown in Table I.

This composite was treated to remove the magnetic materials by N. L.
Grauerholz. The non-magnetic portion contained 38.7% of the weight and 83.6%
of the WO3. The non-magnetic portion contained 2.3ﬁ% WO3 by weight., The
chemical and spectrographic analyses of this sample are shown in Table I. The
magnetic portion contained 0.34% WO3 by weight. '

Experimental work on a previous tungsten ore sawple received from _
Nevada called Golconda ore was successfully roasted with a mixture of NapCO3 and
NaeCl so that approximately 874 of the WOy values in this Golconda ore was sub-
sequently solubilized in the water leach. The successful roasting conditions
- used on this Golconda ore were applied to the present Tasminex ore samples. In
addition to the roast tests, a simple NaOH leach at the boiling point was also
attempted to solubilize the tungsten values. Finally, a couple of bake tests
were made in which the ore was mixed with aqueous NaQH and baked overnight at
242°C. Tne residue was' then water leached. Following is a brief description of
the procedures and results obtained on the above tests, :
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I. NayCO03-NaCl Roast Tests

_Four samples of Tasminex ore material were each roasted with NazCO
mixed with NaCl at-800°C. for 3 hours with wet air passing over the thin (1/3")
bed of powder (-200 mesh) mixed with the reagents in an Inconel X dish, The

“air-cooled calcines were water leached with 4 ml. of water per gram of original

Tasminex sample. The mixture was filtered and water washed. The wet residue
was oven dried and weighed, and chemically analyzed for WO,. The measured total
filtrate was also analyzed for WO,;. From these results and WO, in the starting
materialg, W03 solubilization was“calculated. The results obtained are shown in
Table 11§ . |

From 91% to 97% W03 solubilization was obtained on the composite of
surface trench samples of TaSminex ore. The roast using 6.25% NasCO3 and 10%
NaCl yielded 91% WO, extraction at a chemical cost of approximately 12 cents
per pound of WO, solubilized. The chemical costs of the roast using 12.5%
Na,CO and 12.5% NaCl to solubilize 97% of the tungsten values would be about
21 cents per pound of WO,- solubilized. These preliminary tests show that the
tungsten values from the surface trench samples are amenable to the NasCO,-NaCl
roast and that the chemical costs are not exorbitant. The solutions from these
roasts did not contain excessive amounts of cbjectionable impurities as shown

. in Table III.

A composite sample of 6 trench surface samples and 3 core samples
(approximately 120') was roasted as described above. The conditions and results
of this total composite sample are shown in Table II (Tests 3 and 4). These
results show that 95% WO3 extraction was obtained when 12.5%'N32003 and 12.5%

" NaCl were employed in the roast. When 6.25% Na2003 and 10% NaCl were employed,

86% WO, extraction was obtained. These tests show that the mixture of core

sample§ and trench samples is also amenable to the Na2003~NaCl roast procedure.

A composite sample of core material Was'magnetically treated. The

non-magnetic portion was roasted as described above. The conditions and results

of these tests are shown in Table IT (Tests 5 through 8). These results show
that 909 of the WO3 values was solubilized in this upgraded core sample of
Tasminex ore when 18% NapC03-18% NaCl was used in the roast. With 249 NapCO3-
24g, NaCl in the roast, 98% of the WO3 values was solubilized.

The total composite sample of 6 surface ore samples and 3 core samples
was magnetically treated to yield a non-magnetic portion of material which con-
tained 2.3@% ¥W03. This sample was also roasted as described. The conditions
and results of these tests are shown. in Tgble II (Tests 9-12). These results -
show that 92% WO, extraction was obtained with a roast containing 18% NapCO4
and 18% NaCl. With a roast containing 249 NapCO3 and 2h4, NaCl, an extractidnm
of 95% was cbtained. : : . ' ' :
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II. NaOH Leach Tests at Atmospheric Pressure

A series of NaOH leach tests were made to solubilize the tungsten values
from Tasminex trench sample Composites B-l through B-6. These leaches were made
at the boiling point under reflux for 3 hours at approximately 20% pulp density
(5 ml./g. ore) using the‘equivalent of 50 to 400 pounds of NaOH per ton of ore.
After leaching, the mixtures were filtered and the residues were water washed.
The oven dried residues were weighed and chemically analyzed for WO, and the
measure filtrates were also analyzed for WO3. From these results alid the WO
in the starting sample, the WO, solubilization was calculated., The conditions
and results obtained are shown in Table IV. These results show that poor
solubilization of the tungsten values was cobtained by NaOH leaching under the -
conditions employed.

TII. NaOH Bake Tests

™o bake tests were made to determine if a mixture of Tasminex trench
composite (B-l to B-6) and NaOH solution heated to 2k2°C. overnight WOuld solu~
bilize the tungsten values

In the first test, 40 grams of Tasminex ore composite (B-1 to B~6)
were mixed with 10 ml. of NaOH solution containing 100 g. /l. NaCH in an Inconel
X dish. The mixture was placed in an oven set at approximately 242°C. overnight.
Thne dried residue was water leached with 200 mil. of water for 3 hours at the
boiling point under reflux. The mixture was filtered and water washed. The
dried residue was weighed and analyzed for WOz, and the total filtrate was
measured and analyzed for WO,. From these results, the W03 solubilized was
calculated. Test 2 was peridrmed as in Test 1 except more NaOH was added to
the ore composite prior te baking.

The condivions and results of these two tests are shown in Table V.
Tnese results show that with the equivalent of 50 pounds of NaOH per ton of
composite in the bake, 35% of the tungsten values was solubilized, while 77%
W0+ solubilization was obtained when the eqp1Va1ent of hOO pounds. of NaOH was
exployed.

In view of the success obtained with the Na,CO —NﬁCl roasts, tests
using this bake procedure were not pursued at. this time Eince these bake tests
did not achieve the desired tunosten solubilization.

Q. A Fes
7/, 8. Fox

7!
A
=
[/]



TABLE T

Chemical and Spectrographic Analyses

of Tasminex QOres and Concentrates

Total Non-Mag
Surface Comp. of .. Non-Mag Portion of
Samples: Compdsite Core & Trench . Portion of Total Comp.
B1-B6 Samples Core Comp. (Core & Trench)
Cnem. Anal,
% Wg3 1.38 1.21 1.79 2,34
Spec. Anal. Range in Per Cent
Ag - - 0.0008-0.008 -
Al 0.8-8.0 0.8-8.0 1-10 - 0.8-8.0
B - 0.002-0.02 0.02-0.2 0.002-0.02
Be 0.0008-0.008 - 0.002-0.02 0.001-0.01
Ba : - 0.0008-0.008 - - -
Bi 0.02-0.2 0.02-0.2. 0.01-0.1 0.02-0.2
Ca 0.03-0. 0.08-0.8 -Major 0.08-0.8
Cr . - 0.003-0.03 0.002-0.02 0.002-0.02
co 0.004-0,04 0.004-0.0k - -
cu’ 0.08-0.8 0.04-0.4 0.08-0.8 - 0.04-0.4
Fe Major Major 2-20 - - Major :
Ga 10.002-0.02 0.002-0.02 0.002-0.02 - - 0.002-0,02
Mg 0.08-0.8 0.08-0.8 1 0.8-8 0.08-0.8
Mn 0.08-0.8 0.08-0.8 0.02-0.2 -~ 0.08-0.8
10 0.004-0.0L 0.004-0,04 0.008-0.08 0.008-0.08
Wi ' - . 0.0008-0.008 0.002-0.02 - 0.001-0.01
"Pb- 0.08-0.8 0.08-0.8 0.04~0.4 0.08-0.8
Si- 0.2-2.0 0.2-2.0 Major 0.h-4
sn 1 0.08-0.8 0.04-0,4 - 0.0h4-0.4 0.08-0.8
Sr - - 0.008-0.08 - -
- Ti - Q.02-0,2 0.02-0.2 0.02-0.2 0.03-0.3
v - 10.0008-0.008 0.002-0.02 . 0.002-0.02
W See Above _ See Above Sez Above See Above
zn 10.02-0.2 0.01-0.1 0.008-0.08 0.008-0.08
Zr _ - - -

0.002-0,02
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Same as above

12.2

34
TABLE I1 66220
Effcct of NQPCOQfNaCl Roasting of Various Tasminex Tungsten Qre Samples and
“Ore Concentrates on Tungsten Solubilization
Sample bescribtion - o
% WO~ Wo
Cale. Na 003 NaCl Based Con<
_ from by Added Added on tent of pH % WO
Test : Res, & Chenm, i/ #/  Res. & Tails of MatlI,
No. Name Filt. Anal, Ton % Ton  Head 9. Filt. Bal.
1 Composite of Bl-B6 1.30 1.38 6.25 125 10.0 200 91  0.12 10.8 96
{surface ore) i .
2 Same as above 1.33 133 12.5 250 12,5 250 97 0.05 12.8 g5
3 Composite of Bl-B6 ﬁlus 1.14 1.21 6.25 125 10.0 200 86 0.17 . 11.1 9l
' core samples (surface and :
subsurface ore)
4 Same as above. 1.10 1.21  12.5 250 12.5 250 95  0.06 12.4 91
5 Non-magnetic portion of. 1.76 - 1.79  6.25 125 10.0 200 23  1.29 9.1 - 103
, core semple composite (sub- . .
surface ore conc, ) ,

6 sane as above 1,77 1.79 12.5 250 12.5 250 83  0.27 0.5 99
7 Seme as above 1.52 179 18.0 360 18.0 360 9 0.6 1.5 . -85
8  Same as above 1.66 179 24,0 480 240 M0 98  0.03 1.7 9
9 Non-magnetic portion of total  2.37 2.34 6.25 125 10.0 200 33 1.87 10.1 °© 101

composite of -surface and sub- ' ' ' ‘
surface ore _ -
10 - Same. sas zbove 2}3h 2.34% .12f5 250 12.5° 250 73 .72 10.3 100
Same as abvove - 2.07 2.34 . 18.0 360 18.0 360 92  0.23 2.2 89
12 2,11 2.3% 240 480 2h0 B0 95 0.13 90



TABLE ITT

Chemical and Spectrographic Analyses of Solutions from
' NasCOq~NaCl Roasts of Tasminex Trench
“Composites Bl through B6

Chemical Analyses . | Filtrate from - ‘ Filtrate from

H Roast with L Roast with - N
' 12-1/2% Na,CO; and 12-1/2¢4 NaCl ~  6-1/L4% Na,CO, and 104 NaCl
g-/1. Wog x ? 1.66 S 1.56 o

g./er . o 0.27 R -

. Spectrographic Analyses - Range
Al o o SR Ob-bho o 0.04-0.4
B | ) . 0.004k-0.04 .
Be . e ST 0.0002-0.002 T
Cr ' I ~ See above . © - See above
Ga ' ' o - 0.001-0.01 - o -
Mo S o : 0.02-0.2 S « W« : B I
Ka . _ . Major oo L Major . =~
8L . ‘ 0.004-0.04 | S 0.001-0.01
Sa - . o : 0.004~0.04 T 0.001-0.01 -

v - S - 0.001~0.01 7 0.0004-0.00%



TABLE IV.

Effect of Atmospheric Pressure Leaching Tasminex Tungsten
Ore at Boiling Point with NaCH on Tungsten Solubilization

(20% p.D. (5 ml./g. ore)
(B.P.
Constant Leach Conditions: (3 hr. under reflux _
- (ore composites Bl through B6
((1.38% WU3)
_ %
NaOH ' Wog  pH WO,
Test Conc. #/Ton % Woy . - in Tails - of Ma%l.
No. ~in g.{l. . Ore Solubilized --ﬂ . Filt. Bal.
1 5 50 . . .25.0 S L8 12.2 101
2 10 100 . 252 . 1.8  212.3 103
3 20 200 - 26.4 1,08 12,7 %
L

ko 400 . 3.9 0% '12.74_

662157
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{Neme! Dy, D. L. Mathias, Jr. Bals March 14, 1972
Blen  Australia & New Zealand R -
=fer  Exploration Co. Originating Dep), Research and Development Department
Box 3972 GPO : ' '
Sydney, N.S.W. 2001 Answering latter dats
Australia : : .
ov to ‘ Sobledt Tesminex Tungsten
Messrs. D. J. Hansen o : Kara 1 Project

A. W. Heuck/L. A. erght
J.§ A. Stephenson
L. P. Twichell

Dear Dave:

I am enclosing our Progress Reports for February concerning the Tasminex
tungsten samples. One is the mineralogical report and the other concerns the
upgrading program. :

We were quite successful in treating the unoxidized samples by flotation
in that we achieved a reasonable grade (9+%) and an encouraging WO recovery 80+4%.
This is only scope testing so the chances of improving on these results is good.

The oxidized material is going to prove more difficult as we expected.
Our preliminary flotation test resulted in a high-grade concentrate (19.5%) but
the W0, recovery was extremely low {~.6%). It appears that the unaltered scheelite
(or stolzite) floats quite well but the altered WO, mineral?? shows no response to
our flotation scheme. My guess is that we will not be able to upgrade this

. oxidized material by any beneficlation technlque.

VWe have also initiated some chemical treatment schemes for solubilizing
the oxidized tungsten which are in progress but not reported as yet. These have
been only scope-type testing and further determination of the variables 1is still
under investigation. A summary of these results are:

Type of ' ' _" Lb./Ton - % WO,
Processing Reagents Added . Solubilized
800°C Roast  NayCO + NaCl . 1254200 914

" " NayC0j + NaCl = 2504250 96.5
Atmos. Leach Na0H B 50 : 25.0

u . " oo 100 ‘ i 25,2

ll . ‘e n- . B - . " q . . -. . 200 . . - . K . .26:4

e " 400 : - 33.9

Caustic Bake _ -
240°G NaOH' . 50 35.0
" " . " 200 . 78.3
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Dr. D. L. Mathias —2- " Maych 14, 1972

No attempt has been made to optimize condition as our objective is to
scope the various techniques before examining any one approach thoroughly.

I will keep you up~to-date as to our progress by forwarding.our Monthly
Progress Reports. In the meantime, if you have any questions or comments, I would
be glad o hear them. _ : '

Very truly yours,

R. G. Woolery &~ 6

RGW/bsn
Encl.,
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SUMMARY ADDITION

The unoxidized material from Drill Hole 102/3 50-70' was subjected to a.
magnetic separation-gravity concentration step. The magnetic fraction was

- extremely low in tungsten indicating that an intimate association of tungsten

and magnetite is not present in the deeper zomes of the ore body. Gravity con-
centration did not produce a high-grade concentrate as other minerals present
in the ore have a specific gravity close to the specific gravity of tungsten.

A preliminary flotation test was conducted on the nonmagnetic fraction from
Drill Hole 102/3 50-70.. A cleaned concentrate was produced by flotation that
assayed over 97 WO, and recovered over 80Z of the total W04 in the sample.

A preliminary flotation test was also conducted on the nonmagnetic fraction
from Sample B-4, Treanch 18, 80-105 feet. A4 cleaned concentrate that assayed
19.51% W03 was produced. Recovery was only 6% of the total W03. The tungsten
recovered was identified as being mostly stolzite rather than scheelite. The high
losses of W03 were distributed throughout the sample revealing that the surface ore .
is nuch more refractory than the ore from the deeper zones. -
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SUDSECT

TASUINEY TUNGSTEY SAMPIES  Job Ko. 845-9h101

WO Y ‘ : . ‘ : r'gg}lﬁg M D|2r:9c.
.. By ] . ) . M L AT
. C. 5. 'I‘hompson, w_ﬁk, R. Laboaky V B {(n?’
DAYA FILEOIN ) . C o ) ] - B
B 2345 : ‘ c Pagz 1L of 19 _
. SUIMARY

, Mineralogical studies of the Tasuinex, Kara Ho. 1 tungsten daposit are
continuing on six (6) trench a2nd three (3) drill core samples. ' Analytical data are
prasented indicating that the tungsten in the highly oxidiza2d surface materiasl is
primarily present in mincral phases other than scheelite {(CswWOy). Studies are in
‘progress to' Getermine the natuve and distribution of these non-scheelite, tungsten-
bearing phases. To date, the only other tungsten mineral identified has bzen .
stolzite (PbWO4) and that in only one sample, a float concentrate. The majority
of the tungsten in the surface material appesars to be very Tine grained and in- 8
timately infermixed or intergrown with the gangue minerals, particularly the magnetite ._\:

. and other iron oxjides.

- DISCUSSION S | SR

' Minéralogical studies of the tungsien-bearing material froam the Tasmanian, .
{ara Mo. 1 project are continuing on nine (9) sanmples received from the Australian

..~ @and Kew Zealand Exploralion Coxpany, Burnie, Tasmania, Australia. These 'samples,

-

-2 listed below, represent material found in six (6) trenches’'and one (1) drill hole

dist‘,ri‘butgd at varying intervals covering some 1000 feet of the property.

.- Field No. N.P. Wo. = - Identification
o .- Bl - . 2345-92-1 = ‘Prench 3» - - 35- 6O°
L. e B2 - Lo 2 Prench 20 130-150"
o : - B3 3 fTranch 16 - 20- L5
“BY4 -k 7raneh 18. . 80-105"
- - BS 5  TJrench & - 70-100"
- : .~ B6 6 fTrench 13 500-520" ]
o . . B1O2/1 7 Drill Hole 102 0- 15' .
S ) " Bloz/2. 8 Drill Hole 102 15~ 50'°
B102/3 9 Drill Hole 102 50- 70'

~ The sszmples as received, vers examinad end several minsralogical spescimans
from each were taken for microscopic examination. %Thin sections and polished sce- )
tious of these spacimans are being praparcd and will he descrited in the near futurs.

: A1} samples wers prepared for study by erushinz to minns 8 m2sh (Tyler
sevies) as deseribed by N. L. Grauerholz in his loathly Progress Repart for February
1972, Chanical sualyses of all head samples, obtained by Grausrhelz, are tabulated
in Tsole I. L o ' .

. 8plit portions of all samples ware {urthor prepzrad ty ulirasonic serubbing
matrods to sepavate the slime fraction (approximately minus 450 mesh) and obtain
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woshed material for hand magnetic separation and screen analyses Lo dzterming libera~
tion size. A-flow sheet for this procedure is shown in Figure 1 and the semiguantita-
tive emission spsctrogripuic analyses of the products are pressnted in Table IX.
Exznination of the sbove products indicated that liberation of the scheelite (CaWOp) -
particles was essentially complete in the 65 x 100 mesh size fraction. T e
: ) : ) . . —— . - ‘

_ F&om tha data presented in Table IT, it can be seen that the tungsten is
distributed rather unovenly in all size fracltions, with marked variations betuzen
trench Sumples Bl (2345-92-1) and B2 (2345-92-2). There is a definite tendency for
“the tungsten to concantrate in the non-megnetic portion, but a significant amount re-

" meined with the magnetics, even in the fine fractioms (100 x 200 ¥ and -200 M), It.
should bea noted that altbough the ultrasonic slimss contained significant tungsten
valuss, there was no concentration over the other fractions. These data also indicate
that all the tungsten could not be present as scheslite due to a deficiency of caleium
relative to tungsten in all samples except the deep drill hole core, B102/3 (2345~g2- 9),
wvaich was unoxidized and reacted favorably to normal bezneficiation meihods (see
" Monthly Progress Report for February 1972 by H. .L. Grauerholz). These factors 1nﬂi—'

... -cated that the tungsten in the oxidized trench samples was present not only as scheelite

~-5 (Ca¥OL), but also as one or more othar mineral phases. Subsequent work on these

"~ samples has been dlraCuEd towsrd the determination of th ese tungsten-bearing non- -

_schaelite pﬁasaa. o ‘ - o oo L S e

L EE To date, two mine ral separation methods have been used in a‘tempulng to =
- .. concenirate the scheslite and other tungsien-bearing phases, i.e., magnetic and heavy
adia separatloﬂs. ¥For both studies, all samples were ground to minus 65 mesh for
S liveration end serzepgd into su1tab1e size fractions., The flow sheet for the Frantz
maonetlc separation is présented in Figurée 2 and the emission Sp=ctro*raphlc analyses -
B tha preducts from Sample Bl are tabulated in Table III. The results obtained cn
thls sample were inconclusive since the tun~aten MES dlstylbutel in almgst all products,
ineluding the hand magnetic fractions, f v ,!,_/J,_,,- vl Sy s L,—gf' ., I;:‘» ’:,-,._(._ A ’(
“"':.L, /,,u.f' ._/,,\’6} - L' EO
Tranch Samples Bl and B6 ware s»lnc ted for senarablon by hﬁavy medla tech-
1iques as shown by tha flow sheet in Figure 3. The emission spectrographic data for
ai test are pressnted in Table IV. Thesz data show a marked concentration of *
gsten in the sink at 3.3 g./ml. (methyl iodide } as would bz expacted, dbut in the
ﬂucts from Sziple Bl significant quantities remained in the two 1;aqter fractions,
oth the float and sirk at 2.95 g./ml. (acetylene tetrabromide). The differences be-
weon Samples Bl and BS are dus mainly to the difference in the degree of oxidation.
asmple BG a Ppears to bz only slightly altered rélative to BL with.the tungsten present
rianrily as scheelite. Since Sawple BS was collected from Trandh 13, the lowest oui-
rop topographically in the present aor;eo, 1t is possible that the zrosion responsible
Tor the present «al_ud is gui * oxidized mat*rlgl wxll e en-
countarad hs explorztian prod: e
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‘Mineralogical studies by X-ray diffraction and microscopic technigues are
being conductad on all products obtained during the various tests, but to date, with
ona excaption, na tungsien-tizarinz mireral othar than schezlite bas Lesn identified.

The one exception was the identification of stolzite (Powoy) in &’floot concantrate
" preparad by N. L. Graverholz from trench Sample Bi. In this concbnuraue, vhich

assayed ~19% 10~ but contained only 6% of the total tungaten, stolzite was the major
- tungsten mineve w1tn lesser ouapt1t1E° of sche;llte

At preoent all other samples have been pzepared fo“ heavy madla and. maa_ 
natie separations by further grinding to ~100 me2sh size to ensure liberation of tha'
- tungsten-besaring phases. Detailed X-ray diffraction and microscoplc examination of
. all products 13 in progress to d:.scover the na-..u.re and da.strmu»mn of the ‘Lungsten o
manerals. . R . . R -
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Wet Chemicnl fnalrses
of Tasminex Kara Fo. 1 Hoed Samples - OR 579
| . Fiela ¢ ¢ . & 4 4 %
Wiegard Falls No. - Xo. W03 Si0p re  _Ca AL- Mg,
e - 23is-g2-1 - BL . 2155 2h.50 59,02 1 £0.02 #2.20  0.05 .7
.2 - B2 0 $L.37 -+ 6.00 0 52,72 Y0.0L & 3.64 0,05
. T 3 . B3 £1.61 7 LB - 58.8: 40,2 #2,200 0.0k
.-- : S o BY 2129 6,84 . 5365 To.04 F3.92  0.07°
S SUGRRE. - B5 Z1.8L 7 4,80 58,75 F0.01 F2.26 0.06
6 -B5. F0.68 746 60.76 Y0.95 r0.95  0.59
_, T . Bl0o2/1 7 0.95 =~ 8.22 5462 ©0.02. 33.80 - 0.05 -
- 8 B102/2 #1.12 £ 6.32  59.k2 50.30- "31.95  0.09
L 9 - B102/3 ; 0.46 < 1448 . 52.16 : h.OT £1.03  0.92
.
AVIH O I } L,- ‘ C DATE : wl'l'_ut:si!'.? n:f ALy . . ! L 1 DATE
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MINERALOGY AND IELATED STUDIES OF TASMINEX
DRILL HOLE SAMPLES RECEIVED IN JUNE 1972

I Split 25-50 grams from each drill hole sample for X-ray diffraction and semi-
quantitative spectrographic analysis. These snalyses will be used to determine
the zbundance end distribution of the major mineral and chemical cconstituents
of the samples recieved. This will form a framework for the coordination of
detailed studies of composite and selected samples and for any geolozic concepts
concerning methods of emplacement and alteration of the deposit.

II Obtain 5-10 pound splits of composites A, B and C from "coarse" 1/2 split.

A. Bxniquett and polish portion from each composite for optical examination.
" 1. Identify phases, describe intergrowths and interpret petrology to
extent possible with pre-crushed samples. '
2. Estimate liberation size.

B. Make various separations {such as magnetic, density, hand plcking) for detailed

mineralogic characterization of each category. Identify constituents of
fractions by X-ray, optical md chemlcal techniques.

I1T Support of benaficiation tests

Provide mineral determinations of products from various bnnef1c1ation stages
such and magnetic, gravity, flotation and roastlng.

IV ' Semi-detailed mineralogic-petrologle and ggochemical study of selected
- individual dzrill hole -samples to deterhine physical, chemical and geologic

processes that have effected ore emplacement, alteration and dlstribution of -
prlmary (unoxidlzed) and secondary (oxidized) ore types. -
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- A. W. Heuck : . Tasminex Samples
~ D. L. Mathias ' ‘ ' B
$ J. C. Stephenson

L. P. Twichell

‘R & D File

We have completed'our 1ab0fatory examination of the two Tasminex hand
specimen samples of your letter of December 1, 1971. These samples are identified

- &8 follow5°

Sample 1 = Tasminex, Kara 1 Project DDH102, 58 to 58.5 ft.
Unoxidized magnetite, 1/4 of 6" piece drill
core. Wt. = 281 grams.

Sample 2 - Tasminex, Kara 1 Project. Trench 3 footage,
location unknown.  Oxidized surface material.
Selected grab samples. Wt. = 95 grams.

The unoxidized sample (Sample 1) responded quite well to wet magnetic
separation techniques in that 70% of the tungsten reported to a concentrate
assaying 60% W05. The bulk of the remaining W05 appears to be associated with
diopside and reports to a product assaying about 14% W03. Recovery of this portion
of the values in a high-grade product would probably require alternate means of
beneficiation. Tabling is questionable due to the small gravity difference between
scheelite and diopside and complicated by the fact that all this material is in the
ninus 100 mesh fraction. TFlotation of scheelite from diopside should be ''relatively"
easy because the ore appears to be very low in calcite and fluorite,

The oxidized Sawple 2 represents a more difficult situation. A wet

' magnetic separation is the obvious first step but unlike the first sample the

grade of concentrate is much lowver due to the dilution of the oxidized magnetite, Again
the mineral diopside is present but also considerable iron oxides and clays are
reporting to the nommagnetic concentrates.- The coarse size may table satlsfactorlly,
assuming the iron oxides have a tendency to slime, but I doubt that a really high-

- grade concentrate with good recovery would be possible. I would suggest flotatiom
" for this material also as a final concentrating step; however, T would suspect

that overall W03 gradeand recovery would be somewhat 1ower than for the unoxldlzea
ore.

In summary, I would say that the unoxidized ore could be upgraded to a high—
grade concentrate with good W04 recoveries with only little effort. The oxidized
ore could be upgraded to a moderate to high-grade concentrate with some applied
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Mr. L. A. Wright -2~ : January 11, 1972

 effort but I would guess that W05 may be in the 50% range dependlng on concentrate

grade required and the amount of nonscheelite-tungsten present.

We should be more specific when the larger, more representative samples are
examined. ' Further, I would remind you that our analyses to date have been on
extremely high grade, hand specimens and certainly are not truly representative
of the ore hody.

' . o Very truly yours,
. M . R. G. Wbolery
RGWIbsn
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Rescarch & Development Department
P.0.Box 579, Niagara Falls, N. Y.
January 10, 1972

MEMORAN D U M

TO: Mr. R. G. Woolery

COPY: - Messrs. D. J. Hansen
C. S. Thompson
R § D File

i
FROM: N. L. Grauerhol:z
- C. 8., Thompson

- SUBJECT: Amenab111ty~M1neralog1c Examlnatlon of Tungsten Ore

from the Tasminex Preject

The handpicked specimens described below were received from Union
Carbide Exploration Corporation (see letter to R, G, Woolery from Lawson Wright
December 1, 1971):

Sample No, 1 - Tasminek, Kara 1 Project, DDH102, 58 to
58.5 ft, Unoxidized magnetite 1/4 of 6-
in, piece drill core. Wgt. 241 grams.

Sample No, 2 - Tasminex, Kara 1 Project. Trench 3 foot-
age location unknown. Oxidized surface
material, Selected grab samples, Wgt. 95
~ grams. ' | '

Insufficient material was available for comprehensive amenability test-

ing. Test work was limited to rejection of the magnetic fraction by magnetic

separation techniques. Other separation methods should be tried, especially on
ores as represented by the oxidized sample. The iron in the oxidized sample has
been converted to a less magnetic form and may be more amenable to treatment by
other methods such as gravity separation or flotat1on

Test Procedure ' : .?

The two samples were prepared for amenablllty testing by hand-crushing
through 20 mesh (Tyler series). The crushed samples were then mixed and rlffle

" split to-obtain a head sample for WOz .analysis and mineralogical .examination. . The .

minus 20 mesh head sample was screened at 100 mesh. The plus 100-mesh fraction
was subjected to hand magnetlc separation, and the minus 100- mesh fraction was
treated by the Davis tube.

The plus 100-mesh fraction was subjected to the field of a bar magnet
to remove the strongly magnetic material. The nonmagnetic portion was then.
treated with a more powerful hand magnet to proﬂuce a second magnetic concentrate.

i
t
i
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Examination of Tungsten Ore _ ~2- ) : January 10, 1972

The minus 100-mesh head ore was treated with the Davis tube set at 2.5 amps. The
test results for the two samples are shown respectively in Table I and Table II,
attached.

A spectrographic analysis of each test product from the two samples is
shown, respectively, on Table III and Table IV, These estimations did not reveal
any other significant amounts of economic elements except tungsten. Arsenic,
bismuth, antimony, copper, manganese, molybdenum, and tin as common detrimental
impurities appear to be within acceptable limits. The amount of aluminum in the
surface $ample was significantly greater than in the unoxidized sample. In other
respects the surface ore contained simllar quantities of elements as those in the
unaltered drill core sample., The biggest difference in the two samples is the
highly oxidized condition of the surface sample,

Oxidation as evidenced by the surface sample has altered crystal structure
and physical properties to such an extent that simple concentration techniques will
not be applicable to this ore, As shown in the attached Table II, both grade and
recovery of tungsten values by magnetic concentration alone are poor. A combina-
tion of magnetic separation and other concentrating steps such as gravity and flo-
tation will be needed to produce a high grade concentrate at an acceptable recovery.

The_unoxidized sample (drill core} was much more amenable to magnetic
concentration, However, the minus 100-mesh material (Davis tube nonmagnetic) pro-
duced only a 13% W03 concentrate, This indicates that the nonmagnetic content of
the ore is sufficiently high to dilute the tungsten content and produce a low

_ grade concentrate, Other concentratlng techniques in conjunction with magnetic

concentration will be necessary to raise the grade of this product.

The WOz content of the submitted samples, if representative, indicates
that both the oxidized and unoxidized portions of the ore body contain ore grade
raterial, Becausé of the physical differences in the two submitted samples, a

- beneficiation process must be flexible. The absence of appreciable calcite in the’ |

submitted samples and the small grain size of some of the tungsten values in-~
dicates that this ore may be more amenable to flotation than to other processes.

The submitted samples are much too small for amenability tests. For
reaningful amenability results, the samples should be sufficiently large to be
representative. It should be representative of the ore body in respect to ore

.grade, impurities, degree of oxidation,mineral grain size, mineral association,

and other factors that could affect concentration. Outside factors such as the

_ use of detergents in drilling, artificial drying or contamination with oil and
" grease can be detrimental to.the proce551ng ‘of the ore and should be avoided. A

ninimum of five pounds of sample is needed for amenability tests. More material,
is desirable, as alternate test procedures can thén be tried.

'

Mineralogz

Mineralogic examination of the head ana each test product of both the

 drill core (2345-91-1) and oxidized trench (2345-91-2) samples was conducted using .

X-ray diffraction methods. An estimate of the relative amounts of the minerals

- present in each sample is presented in Table V. The mineral content of the
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Memo re Amenability-Mineralogic ‘ . _
Examination of Tungsten Ore . =3- ' January 10, 1972

unoxidized drill core was rather straightforward with the tungsten being present
as scheelite (CaW04) which was easily separated from the gangue minerals. The
scheelite content of the "2nd magnetics" (2345-91-1-2) could be recovered by finer
grinding, as liberation appears to be complete in the minus 100-mesh fractionms.
The mineralogy of the oxidized trench material is somewhat more complex in that
although some scheelite remains, a significant portion of the tungsten appears to
be present in an amorphous (to X-ray) form associated with the slime fraction.

In addition, the magnetite has partially oxidized to hematite and goethite and

the mica-)like, layered silicate phase present in the core sample has altered to a
montmorillonite-type clay material. More extensive study of future samples will
be necessary to more closely define the nature and comp051t10n of the fine fraction

"of the oxidized surface material,

/S

N. L. Grauerholz (J

T e

C. S. Thdmpson

NLG/CST:1vg
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- . ' Examination of Tungsten Ore 4~

TABLE ¥

Magnetic Concentration of Tasminex, Kara 1 Project, Ore

' Samnlé Y¥o. 1: Tasminex, Kara 1 Project, DDH102, 58.0-58.5 ft. Unoxidized Magnetite

Samople ' Product 4 Weight % Wog Dis%r?gation

7 23&5-91,-1—5 Nonmagnetic 00 Heol, . 61.314. 86.1
23&5-93—1-2 2nd Magnetic 12.3 3.66 10.6
23h5~91}1-1_. * Ist Magnetic 81.7 0.17 3.3

Calc. Feed 100.0 . 4.25 100.0

. - -100 Mesh | '
 2345-91-1-5 Davis Tube Nonmag. ~  34.8  13.88 98.9
”23h5-gi-i-h : Davis Tube Mag. _ 65.2 0.08 1.1
Calc. Feed 1100.0 4.88 '~ 100.0
Combined + and ~100 Mesh |

2345-91-1-3 4100 Nonmag. k.9 61.3k 69.3
2345-91-1-5 Davis Nonmag. 61 13.88 193
2345-91-1-2 +100 Mag. No. 2 . 10.2  3.66 . 8.6

_ 2345-91-1-1 +100 Mag. No. 1 - _67?& 0.17 . 2.6
. 231;5-491-1-1;' Davis Tube Mag. - 1.4 . 0.08 0.2
- Calc. Feed 100.0 %% 100

Assay Feed o 3.7T1
Combined Total Ore .
',ict51rﬁbnm£§l "-i"". 11i07 "35}15'7 _ '88.6"'
'Total Mag. C B9.0 0.56 1.4
Cale. Feed . | 100;0- L.36 1oo.d_

REF; 1832-28
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. TABLE II

Magnetic_Concentration of Tasminex, Kara 1 Project, Ore

Sample No. 2:  Tasminex, Kara 1 Project, Trench 3 Footage Location Unknown,
- Oxidized Surface Material .

Sample | Product % Weight | % WOz _ Disir?ggtion
. _ +100 Mesh _
2345-91-2-3 Nonmagnetic 9.3( 6.9)  25.42 44,4
2345-91-2-2 © 2nd Magnetic. 6.3( 4.6) - 10.18 ' 12.1
2345-91-2-1  1st Magnetic  sa.4(62.8)  _2.74 43.5
' Calc. Feed 100.0(74.3)1  5.32  100.0
-100 Mesh _
2345-91-2-4  Davis Tube Nonmag. 61.5(15.8)  10.28 | o1.1
2345-91-2-5 Davis Tube Mag. ~  _38.5( 9.9) -~ 1.61 8.9
 Calc. Feed  100.0(25.7)! .94 - 100.0
Combined + and’~100 Mesh | | |
2345-91-2-3  +100 Nonmag. 6.9 25.42 . 30.6
2345-91-2-4  Davis Tube Nonmag. 15.8 | 10.28 - 28.3
- 2345-91-2-2 +100 Mag. No. 2 4.6 10.18 8.3
2345-91-2-1 +100 Mag. No. 1 62.8 2,74 | 30.0
2345-91-2-5  Davis Tube Mag. 9.9 1,61 2.8

Calc. Feed‘. 100.0 | o 5.73 100,0

Assay Feed | . 4.48

. Combined Total Ore .
'fdtal.éoné. R -‘,57.3_ T ‘iﬁ;0§2‘ o -.6%;5
Total Tail - 72.7 1.88 | 32.8
Calc. Feed 100.0 . 573 100.0

lnlstrlbutzon by total ore. :
Includes weaker magnetlc material 2345-91~-2- 2

Ref. 1832-28



Meno Te Amenability-Mineralogic

Examination of Tungsten Ore

‘Sample No. 1:

TABLE III

Report of Spectrographic Analysis

Tasminex, Kara 1 Project, Samples

Values in % on Sample Basis

662175
January 10, 1972

2345-91-1-1 2345-91-1-4
+100 Davis Tube
Mag. No. 1 Mag.
.08-.8 _ .04- .4
.0004-.004 .0004-.,004
.004-.04 -
04-.4 .008-.08
~.008-.08 .008-.08
03-.3 .03-.3
M M
.08-.8 .08-.8
.08-.8 .08-.8
.003-.03 ,002-.02
- .002.,.02
.02-.2 .02-.2
.2-2 .08-.8
003--3 .02"';2
.008-,08 -.008-.08
L01-.1 -
L01-.1

_ 2345-91-1-3 2345-91-1-5 2345-91-1-2
Sample 1832-28-1 © %160 - Davis Tube +100
Product ; Head Nonmag, '~ Nonmag.  Mag. No. 2
Ag ~.0004-.004 - .001-.01 .001-.01.
Al .08-.8 .08-.8 .2-2 .2-2
Be .0004-.004 ~ .0008-.008 .0008-.008 .0008-.008
- Bi .008-.08 .02-.2 .03-.3 .02-.2
Ca .3-3 M 1-10 - 2-20
® o 011 - : -
. Cr - - - .002-,02 -
Cu .08-.8 .03-.3 -1 222
Fe Mo 3-3 M M
Ga .004-.04 - - -
Mg .2-2 .8-8 .8-8 .8-8
Mn .08-.8 .02-.2 .03-.3 .04-.4
Mo .02-.2 .2-2 .08-.8 .01-.1
Ni .002-.02 - - -
P - .08-.8 - -
Pb . .04-.4 1-1 .08-.8 .08-.8
Si 2-20 M M M
Sn .02-.2 .008-.08  ,02-.2 02-.2
Ti .008-.08 - .002-.02  .-,002-.02 -
v .004-.04 .001-.01 - -
W 2-20 M 2-20 1-10
Zn . .01-.1 - .01-.1 01-.1
. Looked for but not detected: As, Au, B, Ba, Cb, Cd, Co, Hf, Hg,

In, Ir, Li, Na, Ni, O0s, P, Pd, Pt, Rh,
Sb, Sr, Ta, Th, T1, U, v, ir

-01"-1
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.Memo re Amenability-Mineralegic
Examination of Tungsten Ore

Sample No. 2: -
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"TABLE IV

Report of Spectrographic Analysis

‘Tasminex, Kara 1 Project, Samples

Values in % on Sample Basis

662176

January 10, 1972

? .
2345-91-2-3 2345-81-2-4 2345-91-2-2 2345-51-2-1 2345-91-2-5.
Sample 1832-28-2 +100 Davis Tube  +100 +100 Davis Tube
Product Head " 'Nonmag. Mag. - Mag. No. 2 Mag. No. 1 Nonmag.
Al - 2-20 1-10 . .8-8 .M .8-8 M
Be .0004-.004 .0004-.004 .0004 .004 .0004-~.004 .0004-.004 .0004-.004
Bi " .008-.08 .004-.04" 01-.1 . .008-.08 .008-.08 ©oL.01-.1
Ca .08-.8 .8-8 01-.1 .08~.8 .008-.08 d-1
Cu .04-.4 .04-.4 .04-.4 . . .08-.8 .08-.8 .08-.8
Fe M 2-20 M 2-20 M 2-20
- Ga .004~,04 .08-.8 . - : - .008-.08 -
Mg . .08-.8 . .08-.8 - .08-.8 .08-.8 .08-.8 .1-1
Mn - .08-.8 .008-.08 T | .008-.08 L1-1 .008-.08
Mo ~.03-.3 .1-1 .008-.08 02-.2 .01-.1 .02-.2
Pb .02-.2 .02-.2 -.02-.2 03-.3 .03-.3 .04-.4
5i . 2-20 M .8-8 M 2-20 M
Sn .04- .4 .08-.8 .04-.4 .08-.8 .08-.8 . .08-.8
Ti .03-.3 .03-.3 .02-.2 .03-.3 .02-.2 -.04-.4
- W 2-20 M 2-20 2-20 2-20 2-20
- Zn - .01-.1 - .02-.2 - .02-.2 01,1
Zr .003-.03 .002-.02 - .002-.02 - .002-,02

- Looked for but,not.detected:

" Ag, As, Au, B, Ba, Cb, Cd, Co,
Hf, Hg, In, Ir, Li, Na, Ni, Os, P,
Pd, Pt, Rh, Sb, Sr, Ta, Th, T1, U, V



X~ray Diffraction Estimations of Minéralogié Content of Tasminex

’

TABLE V

e

Sample Prd&Uct
2345-91-1  Head Sample.
" 1-1  1st Magnetic
12 2nd Magnetic
1-3  Nommagnetic
1-4  Davis Tube Mag.
1.5 Davis Tubg.Nonmag.
2345-91- Head Sample .

Major
Moderate
Minor
Some
Trace

2
2-1
. 2-2
2-3  Nonmagnetic
2-4
2-5

1st Magnetic
- 2nd Magnetic

Davis Tube Mag.

> 25

15-25

10-15

5-10 -
<5 '

Davis Tube Nonmag.

Tungsten Samples and Their Amenability Test Products

Magnetite

Hematite

- Major Minor
Major Minor.
- Trace
Major Minor
- Trace
Major Major
Major "Major
Minor Trace
- Trace
Major Major
- Trace

Scheelite Diopside
Some Some
Minor Major
Major Moderate
Major' Moderate
Some -
Trace Trace
Major Trace

Trace

HMi c a!-‘

Trace

Minor

Minor

"Mont-

~ Goethite

morillonite™

Some

Some

Major
Moderate

Major

Some
Some

Some
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