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FLOTATION TESTS ON FLUORITE ORE

FROM LEMHI COUNTY, IDAHO

By
Iewis S. Prater

INTRODUCT ION

Due to the expansion in steel mill oper ation, and the large increase in
demand for hydrofluoric acid (essential in the manufecture of artificial
oryolite for the production of aluminum), increased demands have been made on
the fluorspar industry. Domestic production for 1940 (1) was secend highest in
the history of the industry and, although figures are not aveilable since then,
there is every reason to believe that there will be no decrease, at least for

the duretion of the war., Present stocks of fluorspar are at & low level, and
~ in order to stimulate production, the government has recently permitted a price
increase on crude ore (2).

Deposits of fluorspar have been located in Lemhi County, Idaho, (3) which
show promise of becoming commercial. Since these will require milling to be
brought up to the specifications of the industry, it was thought desirable to
conduct an investigation of the possibility of concentrating these by flote-
tion. The object of the testing program was to determine the grade of the con~-
centrate, and the percentage recovery that could be expected from & milling
operation. '

The specifications for the three commercial grades of fluorsper are given
in the following table: '

TABLE I, THE CHIEF COMMERCIAL GRADES OF FLUORSPAR

Specification %

Name Chief Use Form CaF2 Si0g Fe203
nimum | Maximum | Maximum

Weshed grevel, less
Metallurgical |B. 0. H. Steel then 1 inch & not 85 5 -~
‘ over 15% fines

: : : Ground: Coarse,
Ceramio Glass and Enamel | prine, & extra fine 95 3 0,12

Lump, gravel, -and
Acid | Hydrofluoric acid ground 98 1 -

Although the steel industry consumes approximately'70 per cent of the total
production, under normal conditions there is a sufficient supply of this grade
of material near the large centers of steel production. The supply of acid



grade spar, however, is much more limited and there is, consequently & greater
demand for it. The consentrate from a milling operation, being finely divided,
would be acceptable for the manufacture of hydrofluoric acid, but could .not be
used in the steel furnace without briquetting or similer treatment. For these
reasons and also because acid sper commands & higher price then fluxing
material, the desirability of producing a concentrate of this grade can be
readily seen.

The writer wishes to acknowledge the work of Mr. Clarence Zeuch, Analyst,
Idaho Bureau of Mines and Geology, for the cassays made on the samples from the
various tests. Also to Mr. A. W. Fahrenwald, Director, Idaho Bursau of Mines
and Geology, for his many suggestions and help in conducting this work.

GENERAL DESCRIPTION OF SAMPLE

A sample of epproximately 100 pounds of ore was sent to the laboratory by
A. L. Anderson for milling tests in conjunction with work on the geology of the
district, 1In general appoarance, the material is well crystallized and has &
vitroous lustor. Pisces ranged in size from 6 inchos down to fines. Freshly
broken surfeces arc a pale groen color, although the older faces are stained
e brownish~-yellow by iron oxido. Tho sample carries only & small amount of
caloium sarbonato; tho chiof ganguc material boing quartz and other sillicate
minerals. Anderson reports tho presence of barite (3) in some of the doposits
of the distriot, but no approciable amount was found in this perticular sample.
The specific gravity of a hand=-pickcd specimen was found to be 3.2. The hoad
sample assayad as follows: -

CaCOg, = 1,8 5%
510, = 20.6%

CaFp = 74.2%

TESTING PROCEDURE

Temporaturo of tho- Pulp

Preliminary tests were run to determine the effect of temperature varie-
tions in the flotation pulp. At 200 C., fluorite can be collected with oleic
acid, but the action is quite sluggish. Long conditioning periods are needed
at this temperature, indicating that the chemicel reaction at the mineral
surfaces proceeds slowly. Heating to 30° C. noticeably inoreases the rate of
flotation and also decreases the amount of oleic acid required. Heating still
higher to 45° C. again inereases the amount of mineral which can be collected.
Since satisfactory results can be obtained at 30° C., howsver, it was decided
that all following tests would be made at this temperature. In prastice,
heating to 45° C. would be decidedly uneconomical and also more gangue mater=
ial would be collected by the oleic acid.

The following teble gives the amount of concentrate collected from 500~
gram head samples at various temperatures.




TABLE Ii. EFFECT OF PULP TEMPERATURE ON FLUCRITE FLOTATION

Test No. | Temperature of Pulp | Amount of Oleic Acid | Weight of Concentrate

Collected
1 190 C. | 10 drops 267 gram
2A 300 C. ‘ 7 drops 278 gram
2 459 C. v 7 drops 338 gram

Note: 1 drop of Oleic apid = 11.5 mg. epprox. - varies with room temperature

Variations _5:3 E_l_i_ g_i‘. Pulg

A series of tests was also made to determine the effect of varying the
pH of the pulp. The same emount of sodium silicate was used in each test, and
the pH was controlled by adding sodium cearbonate or sulfuric acid. With no
modifying reagent, the pH was 7.9 and fluorite was readily floated. By add-
ing successive amounts of sodium carbonate, no eppreciable change in results
could be noted up to & pH of 9.5. Sodium carbonate disperses the slimes,
however, and approximately 1 lb, per ton was added to all following tests for
this reason. '

One test was run at & pH of 7.2 (1.8 1b, of HySO, per ton) in which the

mineral was readily floated. Using 4 lbs. of sulfuric acid per ton of ore
lowered the pH to 5.0, and no mineral could be collectod under these sonditions.

Effect of Sodium Silicate

Since the bulk of the matorial to be rejected in the tailing is silica,
the effect of adding increasing emounts of sodium silicate was tested. No
approciable deorsase in the silice contont of tho concentrate was noted in
the tests in which a large excess was used. Satisfactory results were ob=-
tainod, using approximately 0.5 lbs. per ton of ore in the rougher circuit.
It was also found desirable to add small amounts to the cloener and recleaner
circuit.

If the silica content of the conceontrate is to be kept below 1 per cent
510y, almest perfoct liboration of the particles must be accomplished. With
this in mind, it can be seon that propoer grinding is the most important factor
in tho problem. Since the sample contains only a veory small amount of calcium
carbonete ganguo and a large amount of silica, once the minerals are frae,
their separation can be readily accomplished by flotation.

For most of the tests, the grinding was done in 2000-gram batches in the
ball mill, and in order to produce & flotation head sample in which theo coarse
particles were liberated, & large amount of over=-grinding was done on the fine
materials The grinding timc was varied botwoon tests; the final sories was
made from & batch which was 0.5% plus 65 mosh and 80,5% minus 200 mesh. The
largo emount of slimes did not eppoar to lowor the grade of the concentrate,



as might be expected. In two tests, desliming before flotetion was tried with
no improvement over those in which the ball mill product was fed directly to
the flotation mechine. , '

In order to more nearly approach a classified feed and to establish the
grind required, three groups of tests werse mede, in which the head samples
were stage ground to the desired size. These were made so that all particles
passed through 65 mesh, 100 mesh, and 200 mesh, respsctively. For each series,
the desired undersize was soreened out before any grinding wes done. The
oversize was ground in the ball mill for a short time, after which the under-
size was again removed and the oversize wes returned for another grindihg
period. This was repeated until all the material passed through the desired

screen., Acid grade spar was made from both the minus 100 mesh and the minus
200 mesh products.

Plotting the percent SiOp in the concentrate against the CaFy recovery
in the concentrate (Fig. I) shows that the rosults are almost the sams for
the minus 100 mesh feed as for the minus 200 mesh. These plots indicate that
& recovery of approximately 63 per cent of the CaFp can be expected in a con-

contrate assaying 1 per cont SiOp. 1In practice, the return of middling produsts
to the circuit should moterially improve this.

: FIGURE I.
Comparison of Flotation Rosults From

Minus 100 Mesh and Minus 200 Mesh Products

3.0Q.
8
g
B
£l
o
Q
g
Q
o 2.
=
o
[\
9
- / - )/
Bl » e
1. /‘::’,//*
B ’/x/,,:'/ —I-(-.;X
=200 mesh % %
50 60 70 80

% Recovery CaFp in Concentrate =

eeeee



In 8ll tests mede on the 65 mesh product, much more minerel was floated
than with the same reagents on the finer material. This gave high recoveries
on the fluorite, but in all ocases, the silica content was above the limit for
acid grade spar. ‘

A comperison of the various grinds is given in the following table:

TABIE III.- SIZING ANALYSIS OF BALL MILL PRODUCTS

Size, Mesh

Grind | % 7 3 3 %
+65 | 656/100 | 100/150 [ 150/200 | =200
Batch grind (20 minutes) 0.5 2.9 4.7 11.4 8045
-85 mesh stage grind .
(4 periods of 3 minutes) - - 16.9 15.9° | 16.9 50.3
=100 mesh stage grind
(6 periods of 3 minutes) - - - - 11.9 21.8 66.3

=200 mesh stage grind
3=minute periods
4-minute periods : - - - - - - - - 100,0
6=-minute periods
8-minute period

=l

SUMMARY

The following conclusions can be drawn from these tests:

1) Acid grede spar can be made from minus 100 mesh material, provided
too high & recovery is not required for oconomicel operation.

2) Extremcly fine grinding does not materially improve the metallur=-
gical results.

3) Hoating tho flotation pulp to approximately 30° C. (86° F.) is
dosirable.

4) Fluorite will not float in an acid pulp. A pH range from 8.0 to
8.5 gives very satisfactory results.

5) Desliming before flotation doos not improve the grade of the conapn=-
trato.

6) Cloaning and recloaning thc concontrato improves the grade, but
cloaning a third time does hot holp. The addition of small amounts
of sodium silicate and sodium carbonate to the cleaner circuits
appears to be desirable.




7) It should also be noted that more difficulty may be expected in
making & setisfactory product from any material containing barite.
Fluorite and barite are both readily floated with oleic acid, whereas
silica oan be quite easily depressed. ‘

FLUORITE FLOTATION TEST

Test No. 18 | ' , November 24, 1942
Ore = 1/4 of 2000 gram (ground for 20 minutes in bell mill)
Reagents :

; NapCOz = 0.25 grem
Sodium Silicate = 0,14 grem (12 drops)
Oleio ecid = 0,09 gram (8 drops)
Temperature of Pulp = 30° C,

The concentrate was cleaned and recleaned, using 0.1 gram of sodium sili-
cate for cleaning and 0,05 gram for recleaning.

Metallurgical Results

% % |Distribution| % [Pistribution{ % | Distribution

Product |Weight|Weight|{CaC0Og3 CaCO3 184102 5102 CaFg CaFo
Concentrate - .

(18-1) 256 50,7 | 0.45 13.5% 1.13 2.,67% 97,9 67.2%
Relar, Teil .

(18-3) 42 8435] 0.91 4.5% 4,6 1,78% 9342 10,.5%
Clar. Tail

(18-2) 54 10,75} 2.16 13.6% 15.7 7.85% 79,0 11.4%
Tailing ‘

(18=4) 152 | .30.2 | 3.84 68.4% 62.2 87.7 % 26.9 10.9%
Composite | 503 |100.0 | 1,70| 100.0% 21.4 100,0% [74.1  100.0%




FLUORITE FLOTATION TEST

Test No. 26 Januery 13, 1943

Ore = 1/4 of 2000 gram (stage ground to =200 mesh)
Raagehtsg |
NeoCOz = 0,25 gram
Sodium Silicate = 0,17 gram (15 drops)
Oleic Acid = 0,09 gram (8 drops)
Temperature of Pulp = 506-0.
The concentrate was cleaned and recleaned, using O.l gram of sodium sili-

cate for cleaning and 0.05 gram for recleaning.

Metallurgical Results

| % | % |bistribution| % |Distribution| % |Distribution

Product |Weight|Weight|CaCOy CaCOg §i05 | 810, CaFp CaF,
Concentrate X

(26-1) 218 46,3 | 0.40 9.9% 0.88 1.95% 98.3| '60.5%
Relnr. Tail

(26.3) 53 700 1.07 40% 3,51 1015% 94-8 8¢8%
Clnr. Tail _

(26-2) 40 8.5 | 2.34 10.7% 12.4 5.0% 83.3 9.4%
Tailing

(26-4) 180 38.2 | 3.67 75 .4% 50.5 91.9% 42,0 21.3%
Composite 471 1100.0 | 1.86{ 100,0% 21.0 100.0% 75.1 IOO.Q%
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