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Battelle has always had a policy that its name and its reports could
not be used for advertising, sales premotion, or publicity purposes. Pro-
vision has been made for this in all of our ressarch agreements and we
have found that our sponsors have respected and accopted this position,
This did not, of course, interfere in any way with any use the sponsor
might make oi the information in the report, as long as our name was not
used, nor did it interfere with the use of the report within the sponsor's
organ-iaa.tien for conveying information to all of thogse concerned with the
research project,

We have found on a few occasions that use of our reports in connec-~
tion with an advertising program has occurred, probably inadvertently,
because the individual using the report was unaware of this agreed-upon
provision, even though his company had accepted our agreement. Further-
more, there may be peopls who see and use our reports with the sponsor's
approval who are not necessarily connected with the sponsor who had
agreed to our provisions, We may bave been remiss in not indicating on
our reports the provisions that govern their use. Henceforth, the follow~
ing statement will be included with- each of our research reports, as is
shown on the title page of this repoxt:

"Battelle is not engaged in research for advertising,
sales promotion, or publicity purposes, and this report may
not be reproduced in full or in part for such purposes.!
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Battelle Memorial Institute

§086 K1 N & A VENDE C 0 LU MNDBUS |, OHIO

May 28, 1958

Dr. W. H. Lyecan

Director of Research
Johnson ard Johnson

New Brunswick, New Jersey

Dear Dr. Lycan:

We are transmitting herewith six copies of our Progress Report on '"The Physical
Concentration of Talc Ores - Flotation'', by W. E, Brown, W. L. Smith, and R. D.
Macdonald. :

The data in thie report show that it is possible to make from JItalian No. 2 grade,
by flotation, & talc product that is superior to the Italian No. 1 grade. We now have
enough laboratory data td design either a pilot plant to produce larger gquantities of this
material for critical evaluation, or a commercial plant to produce a nominal 50 tons of
beneficiated talc per day.

The data in this report indicate that it may be possible to produce a superior talc
by flotation from any vaw talc which contains an appreciable percentage of platy tale,
We do not, however, have enough data as yet to prove this point. Additional experi-
raental work is required to show whether by flotation one can make an acceptable prod-
uct from other raw materials, such as Indian talc.

After you have reviewed this report, we would be pleased to discuss it with you or
to answer any questions which may arise.

Sincerely youra, .

O. ¥. Tangel,
Minserais Ben

OFT:dpc
Enc. {6)

DEDICATED TO THE ADVANCEMENT OF sclgNcE
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PHYSICAL CONCENTRATION OF TALC ORES — FLOTATION

by

W. E. Brown, W. L. Smith, and R. D. Macdonald

SUMMARY

This report contains data for the physical concentration of talc ores by flotation
methods. ’

Flotation experiments were made on two talc samples from the United States and
one from Italy. Most of the tests were made on the Italian talc because it was coneid-
ered to be of the most immediate importance.

The principal objective of the program was to obtain a product containing a high
percentage of platy talc. The results of the teats show that each of the three different
samples can be treated to yield a float product that is significantly improved in its con-
tent of platy talc. Table 1 summarizes the best results obtained and compares the raw
flotation feed with the beneficiated product.

Table 1 shows that both the Oasis and Stone Creek samples were improved in
grade. The original Oasis sample contained 48 per cent platy tale and the Float 1 prod-
uct contained 83 per cent platy talc. The Stone Creek sample contained 30 per cent
platy talc and the Float 1 product contained 85 pe? cent platy talc. Although these flo-
tation products show a substantial improvement in platy-talc content, they lack about
5 per cent of being equivalent'to the 88 to 90 per cent platy-talc content of Italian No. 1
grade which is currently being used by Johnson and Johnson as the raw material for
baby powder.

Although the desired grade of at least 88 to 90 per cent platy talc was not attained
on either the Qapgis or Stone Creek samples, a substantial improvement was obtained as
the result of relatively few tests. It is expected that a suitable method can be developed,
through additional work, to yield a satisfactory product from the Oasis and Stone Creek
tales.

Italian No. 2 talc likewise responded favorably to flotation. Two methods were
developed which yielded products that contained 96 to 37 per cent platy talc and 2 to 3
per cent of fibrous talc. Mineralogically, these products are superior to the Italian
No. 1 talc which is being used by Johnson and Johnson for baby powder.

The flotation experiments established that the nonplaty talc can be depressed by
using the proper amounts of either Dextrin® or hydrochloric acid, When Dextrin was
uged the froth of the float products was very voluminous and persistent which probably
would c¢reate handling and filtering problems in full scale operations. When hydro-
chloric acid was used the character of the froth appeared normal and rapid filtration
wag obtained.

* Dextrin (s made by the hydrolysis of starch and is manufactured by Clinton Foods Incotporated, under the name of Dexrrin 603.

BATTELLE MEMORIAL INSTITUTE
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; TABLE 1. SUMMARY OF FLOTATION RESULTS
- .
-
m Weight Per Cent’ Mipetal Count, per cemt
Sample Product of flotation Feed Platy Talc Nonplaty Talc Carbonates Tiemolire Effective Reagent
(‘,‘;9’ X Ousis . Feed 100.0 4 43 5 4 -
d m  Qasis Float 1 34.6 83 16 <1 1 Dexuin
z N .
. O Stoae Cresk Peed 100.0 3 6T 1 2 -
w xn Stone Creek Float 1 8.9 85 12 1 2 None
> Italism No. 2 Feed ' 100.0 99 6 3 S B -
Italian No. 2 Float 1 83,9 96 3 <1 <1 Dexwin
* Italiag Ne. 2 Float 1, 2 82.7 91 2 <1 1 Hydrochlotic acid
and scavenger
Italian Ne. 1 Not treated 100.0 88-930 8-10 <2 Traee -

Note: Irglian No. 1is included for comparison,
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One objection to the use of Dextrin, othér than the unsatisfactory frothing proper-
ties, would be the possibility of fungue growth on the talc particles if it were not washed
out completely or destroyed by heat during the drying operations.

INTRODUG TION

Johnsoh and-Johnson is-interested in a broad program.which includes investigating
the important talc deposits in the world, the measurement of the physical properties of.

' talc, and the physical bgnoﬂc'iation of talc. The purpose of these investigations is to,
' insure Johnaon and Johnson of the least sxpeansive and most reliable raw-material gource

and also to develop methods for further improving the properties of the tale used in baby
powder.

At present, Johnson and Johnson is obtaining raw material for baby-powder talcum
from Italian depogits. This talc is regarded as very good quality. Some additional im~
provement in quality is desirable, however, and may be possible by physical beneficia-
tion methods. None of the known domestic talc deposits can compare in quality with the
Italian talc, and part of this program is devoted to processing talcs from the more suit-
able domestic sources in order to obtain a product that is comparable in quality with the

Italian tales.

This Progress Report discusses information obtained on methods of improving the
properties of talc. Thiw work is identified on the over-all program being conducted at
Battelle as Phase 3 — Physical Concentration of Talc Orss.

The specific objectives of Phase 3 are:
(1) To obtain a product which consists essentially of talc platelets

{2) To reject talc particles which are of a size and shape that create
unpleasant dusting while dispenzing talc from a container

{3) To obtain a talc product with an obvious .sheen in order to convey
to the consumer the immediate impuuion that the ttlc is of the
highest quality.-

In addition to achieving the foregoing objectives, it is desirable that the finished
product will meet the following specifications.

Moisture: _ Not tére than 0. 15 per cent.
Solubility in Hydrochloric Acid: Not more thaa 6 per cent. o
Fineness! Not less than 99. 7 per cent through a 100-mesh sieve.

Not less than 98. 5 per cent through a 200~mesh sieve.

Microscopic Structure! "Shall be platelets, and show no acicular or excesasive
” granular crystals.

BATTELLE MEMORIAL tINSTITUTE
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Bulk Density: : N.ot less than 22 nor more than 27 pounds per cubic
foot, when tested by the Scott Volumeter.

In further keeping with the standards of production, it is desirable that the finished
talc product have essentially the same whiteness as that currently being marketed by
Johnson and Johnson. Another objective ia to reduce the alkalinity of the raw material
50 that the pH value of a moistened sample will approximate neutrality, or a pH of 7.

Products obtained {xom physical beneficiation experiments can be evaluated by
microscopic examination and other physical measurements. These other physical meas-
urements and their meaning are related:to the properties of an accepted standard talcum
product. A Progress Report on "Studies of the Physical Properties of Talc, Their
Measurement and Comparison", October 15, 1957, by W. L. Smith, has been submitted
to Johnson and Johnson on this subject and a second and summarizing one is in
preparation.

The only method of physical beneficiation employed so far has been flotation. This
is because one of the outstanding properties of talc, from the standpomt of physical
bene£1c1at1on, is its natural floatability.

This report is composed Principally of results from froth-flotation experiments.

For this reason 2 short discussion of the froth-flotation process is included as Appendix
B in the hope that it may be helpful in understanding the experiments. '

i

EXPERIMENTAL WORK

Samples Tested

Three samples from separate sources were used for the beneficiation experiments.
Two of these are from the United States and one from Italy. These samples have a wide
variety of purity with respect to degree of platiness and the contained impurities, and
probably are typical of what may be expected in talc deposits of potential interest.

Table 2 shows the composition of these samples as determined by microscopic

count, _
TABLE 2. MINERALOGICAL COMPOSITION OF SAMPLES INVESTIGATED
Mineral Count, per oent
Nonplaty
Sample Platy Talc Tale Carbonates Tremolite . Grind
Oasls Mine 48 . 43 5 4 Minus 85 mesh (dry)
{Nevada) "
Stone Creek Mine 30 61 i 2 Minus 65 mesh (dry)
{Montana) . .
Itallan No, 2 90 6 {fibrous) 3 1 Minus 200 mesh (as received)
Italian No. 1 98-90 8-10 (fibrous) <2 Trace Minus 200 mesh (as received)
BATTEULLE MEMORI!I AL INSTITUTE

Protected Document-Subject to Protective Order ‘ ' .mJNLe1_ooooo1al



.
. ) . . -
- R B UE Gn O W S N AR EmE uy oS g

L d

lmmd Docurment-Subject to Protectiva Order

5

The mineral count given in Table 2 is made solely on the basis of incidence. No
emphasis.is given to the size of the particle encountered in the incidence, 80 the method
of evaluation may at first seem guestionable. However, repeated counts made on differ-
ent flelds of the same sample and different samples of the same material give supris-
ingly consistent percentages, and the percentages of carbonate present agree with
chemical determinations of acid solubility. Because of this consistency, the method
was sccepted as sufficiently accurate for most of the investigations.

Particles in Table 2 which are identified as nonplaty tale may be composed of
acicular, fibrous, granular, or cryptocrystalline aggregates of tiny platelets which
resemble granules.

Nonplaty talc contained in the Italian samples is mostly fibrous or’acicular in
form. It is difficult to distinguish acicular talc from remnants of platelets and tremo-
lite'in eizes smaller than 10 microns.

Table 2 includes, for comparison, the composition of the Italian No. 1 grade
which is the raw material currently used in Johnson and Johnson baby powder. The
mineralogical difference between the No. 1 and No. 2 grades is almost insignificant.
Italian No. 1 talc, however, costs several dollars more per ton. The Oasis and Stone
Cresk Mine samples were selacted to determine whether talc of a low platy content
could be improved sufficiently to compare favorably with the Italian talc and, if s0, what
recovery might reasonably be expected. Data on the beneficiation of various talcs
would provide information that would permit an estimate of the tonnage of material
necessary to supply the production requirements of Johnson and Johnson. Information
could also be developed for the probable cost of beneficiation.

Ten exploratory experiments were-made to observe the general response of the
minerals during flotation and to learn the relative complexity of the problem, The sum-
marized results of theae experiments were contained in our letter report of January 24,
1988, to Dr. W. H. Lyean.

Sample From the Oasis Mine

The Oasis Mine sample came from Nevada and was supplied by the Sierra Talc
and Clay Company. This material was available because it had been previously investi-
gated by Battelle(1) for Johnson and Johnson as a potential raw talc source. The mate-
rial on hand had been roll-crushed and then ground in a disc pulverizer through 65 mesh.

This sample, which contained about 48 per cent platy talc and 43 per cent granular
talc, was selected for part of the investigation specifically because of itg intermediate
platy-tale content. If was believed that any significant improvement made on the ore
would be more readily dstected on low-grade materials than on high-grade materials.

Table 3 shows the flotation results obtained from ﬁ\;e tests made on the Oasis
sample and Table 4 gives the test operating conditions. .

The results given in Tables 3 and 4 show that the Oasis talc in Test 1 was ﬂoate;i
without any reagents and the platiness of the talc was incredsed from 48 per cent to 77
per cent. This definitely establishes that platy talc is more readily floated than granular

(1) Battelle Summary Report, Pebruary 29, 1986,

BATTEL LR MEMORI! AL INSTITUTE
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TABLE3. SUMMARY OF FLOTATION RESULTS ON OASI§ TALC SAMPLE (MINUS 65 MESH)

Weight Approximate Mineral Count, per cent Reagenus
Test Roducs Per Cent Platy Nosplaty Catbonates ~  Tremolite Used
1 Floatl 82.2 L& 1 ] 1 3 None
Floar 2 21,0 ] 80 2 3 Dowfroth 200
2 Ploat 1 82.4 16 % <1 <1 Nose
Float 2 86,4 43 48 10 Dowfeoth 200
s Cleanar 81,8 80 8 1 1 Dowfroth 200
float :
L7} Floatl 3.6 83 16 <1 1 Dexitin
8 Floac 1 26.9 82 5 1 2 Dextrin
Float 8 56.8 1] 88 1 4
Flotation 100.0 48 43 8 4
feed
B e em iy e bR AT BRI LS -

TABLE 4. TEST CONDITIONS USED TO OBTAIN RESULTS ON OASIS TALC SAMPLE

t———

|

Reagent, pound
. e Tilne, minutes . Pulp Pex Ceat Solids pex ton of
Tent Produet Weatag Conditioning Flosting PH in Fend flotaon feed
1 Fioat 1 10 0 5 8.6 18.0 None
Floar 2 0 0 6 Dowfroth 200, 0,17
2 Flost 1 10 0 5 8.6 6.8 None
Float 2 0 0 5 Dowfroth 200, 0,34
8 Cleaner 2 10 . 5 8.0 ' None
float
5a Floatl 5 8 [ 1 8.6 18.0 Dextrin, 0,64

8 Floatl ) ] ) 8¢ 18,0 Dextrin, 0,94

BATYTELLER MEMORIAL INSTITUTE
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talc. The only requirement was agitation and aeration of the pulp. Additional recovery
of talc was obtained by using Dowfroth 200 {a frothing and collecting reagent for talc)

but the float product was essentially the same quality as the feed. Carbonates in the
Float 1 product were reduced from 5 per cent to 1 per cent or less. Tremolite was more
difficult to reject although less than 1 per cent was obsexved in the Float 1 product of
Test 2. Tremolite rejection was accomplished by reducing the per cent solids in the
flotation feed from 13 per cent to 6.8 per cent. Test 3 was made by refloating the com-
bined Float 1 and Float 2 products of Test 1. This yielded a product which was 80 per
cent platy talc and contained 31, 6 per cent of the original feed weight.

Because platy talc is more readzly floated than nonplaty talc, it was believed that
the addition of a talc depressast such as Dextrin might have a selective depressing
action on the nonplaty talc forms which had appeared in the Float 1 products. Dextrin
was uged in Tests 5a and 8, and the results show that Dextrin in the amount of 0. 54
pound per ton of flotation-feed solids was effective and helped to produce a Float 1 prod-
uct that was about 83 per cent platy talc, . Dextrin in this amount appeared to be effective
in causing a small increase in recovery. In Test 8, the Dextrin added was increased to
0. 94 pound per ton of flotation-feed solids. The quality of the Float 1 product was es-
gentially the same as in Test 5a, but the weight recovery decreased to 26. 9 per cent
compared with 34. 6 per cent when the lesser amount of Dextrin was used.

The results of the five tests on the Oasis talc show that although none of the prod-
ucts obtained were mineralogically equivalent to the Italian talc, substantial improve-
ment had been cbtained. The best results were obtained from Test 5a which yielded a
product containing 83 per cent platy talc., A comparison of the Oasis Float 1 product
with the Italian samples is given in Table 5.

TABLE 5. COMPARISON OF OASIS FLOAT 1 WITH ITALIAN NO. 1 AND NO. 2 TALCS

Mineral Gount, per cent

Wefght Platy ' Fibrows Granolar
Per Gent Tale Tale Tale Carbonates + __Tremolite
Tese 58, Float 1 34.6 88 2 14 <1 1
_ Italian No, 1 100.0 38-90 8-10 0 <2 Trace
Itsitan No. 2 100.9 90 § 0 S 3 RS

‘The quality of the Float 1 product approaches that of the Italian No. 1 talc, and it
is not unreasdnable to expect that an equivalent grade might be developed after further
investigatioris. :

The products of Test 8, which gave results of the same order as Test 5a were
examined microscopically in considerable detail. Each flotation product was sized on a
200-mesh sieve and the oversize and undersize evaluated. These results are shown in
Table 6.

The data given in Table 6 show that in the Float 1 product the plus 200~-mesh talc
is 61 per cent platy talc but the minus 200-mesh talc is 87 per cent platy talc. It is
implied that better over-all results would have been obtained by grinding the Oasis
sample all through 200 mesh before floating. This was not tried, and if necessary it
can be done at 2 later stage in the program.

BATTELLE MEMOR! AL INSTITUTE
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TABLE 6, RESULTS OF MICROSCOPIC .EVALUATION OF FLOTATION
PRODUCTS FROM OASIS TALGC, TEST 8 '

- o ——————.

— ____Mineral Count, per cent
Weight Platy Nonplaty . '
Per Gent Talc Talc Caybonates Tremolites

Flotation Feed

-65+200 mesh 30 . 45 45 4-5 4
-200 mesh 70 49-50 40-43 4-5 ) 3-4

A11-200 mesh(2) 100 % 4-5 3-4 .

Float .

-654200 mesh . 29 61 37 <1 ) 2
~200 mesh 71 87 10 <l 2

Al1-200 mesh(3) (26.9) 8z 15 <1 2

Float 2 .

-654200 mesh 50 4 3 1 4
-200 mesh 50 - 70 - 28 1 4

All-200 mesh(2) (56. 3) 60 35 1 4

Underflow ’ )

-654200 mesh - 18 . 20 54 i8 8
~200 mesh 82 . 22 54 15 - 9

All- 200 mesh(®) (16.8) 25 51 16 ' 8

(2) Same of the plus 200-mesh pariicies that appear 10 be nouplaty, are actuslly aggregates of minute platalets whigh become
disceete platelets when ground finer than 200 mesh. A more accurats minersl scunt {s obtained by grinding the entire
product and then evaluating with the mictascope. In addition to this, 3 miaus 200~mesh product has a natrower range of
sizes than & minus 65~mesh product which Increases the accuracy of a micteseopic soune and finally, the minus 200~meth
product has & Hze range similar to the Ialfan talcs discused in decail lazer tn the reporr.

BATTELLE MEMORLAL INSTITUTE
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Sample From the Stone Creek Mine

The Stone Creek mine sample came from Montana and was supplied by the South-
ern California Minerals Company. This material was available because it also had been
previously investigated by Battellel!} for Johnson and Johnsen as a potential raw talc
source. The material on hand had been prepared to minus 65-mesh size in the same

manner as the Oasis sample,
This sample contained 30 per cent platy talc and 67 per cent nonplaty talc.

Two flotation tests were made, and the ruults are given in Table 7. Table 8 lists
the operating conditions during the tests.

TABLE 7. SUMMARY OF FLOTATION RESULTS ON STONE CREEK TALC SAMPLES (MINUS 65 MESH)

st —— s orm——

Weighe Approximate Minetal Count, pes ceat
Produet Pet Cont _lﬂ Noapiaty Carbonates Tramollte

Float 1 9.9 8 12 1 2
Float 2 1.1 . 80 80 . 10

I
f
L

- Ig

8 Float 1 25,5 86 10 2 2

Flotation 190.0 80 ' 81 1. 2

I s

TABLE 8. TEST CONDITIONS USED TO OBTAIN RESULTS ON 5TONE CREEK SAMPLE

T vou
Per Cent Reagent, pounds
Time, mivuies Pulp Solids pet ton of
Tast Proguct Wetting Conditloning M pH inFeed fiotation fead
4 Float 1 10 e 8 8,0 18 None
Float 2 [ ] ] None
6 Flost 1 5 5 6 88 Dextrin, 0.54
NaghlOg. 1.08

Test 4 shows that about 30 per cent of the talc is recovered in a float product con-
taining 85 per cent platy talc. No reagents were used, which illustrates again that platy
talc is more readily floated than nonplaty talc, Test 6 yielded a float product that con-
tained 86 per cent platy talcsand 10 per cent nonplaty tale. Dextrin and sodium silicate

* ware used to.reject the nonplaty talc but the effect, from the amounts used, was not
pronounced.

The quality of the Fioat 1 products approaches that of the Italian No. 1 tale which
is 85-90 per cent platy talc. Through additional experimentation a method probably can
be developed, to treat the Stone Creek talc, which will yield a product of quality equiva-
lent to Italian No. 1 talc.

{1) Barslle Summary Report, Pebruary 29, 1966,

BATTELLE MEMORIAL INSTITUTE
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Italian No. 2 Talc

Three tests were made on Italian No. 2 talc as part of the exploratory program,
and the results are given in Table 9. Tests 10 and 11 were made at 6. 8 and 13. 0 per
cent solids, respectively, using the same reagent combination in each, to determine the
weight recovery obtained at low and intermediate per cent of feed solids. The results
show that at 6. 8 per cent feed solids the weight recovery was 75. 3 per cent while at
13. 0 per cent solids the weight recovery was 85.9 per cent. Test 12 was made at 13.0
per cent &olids, without any reagents, to compare with Test 11. The results show that
the Float 1 product was no better than the flotation feed and also only 59. 9 per cent of
the weight was floated. In Test 10 the froth of the Float 1 product was broken down
easily, but in Test 11 the froth was very difficult to break down and filter., Undoubtedly
this would present handling difficulties in a plant.

A summary of these results indicates that:

{1} Better recoveries are possible when using 13. 0 pexr cent feed
solids compared with 6.8 per cent feed solids.

{2) Dextrin is effective in reducing the amount of nonplaty (fibrous)
talc in the Float I product.

(3) Dowiroth 200 is needed to 'obtain good weight recovery.

{(4) The froth of the float products is easy to break down when the
per cent feed solids is low. However, the lower per cent feed
solids results in a lower yield of Float 1.

Following these exploratory experiments, a program was started to improve the
froth characteristics without sacrificing the platiness of the Float 1 product and to main-
tain or raise the per cent of weight recovery. Forty-four flotation tests were made,
all on Italian No. 2 talc. ' . :

TABLE 9. SUMMARY OF PRELIMINARY FLOTATION RESULTS ON ITALIAN NO. 2 TALC

Weight __Approaimate biineral Couat, per cent
Test Progduet Pet Cent Platy Nonplaty Catbonates Tremolite
10 Float 1 15.3 98 3 <1 <l
1. Float 1 85.9 96 3 <1 <1
12 Float 2 50.8 89 8 - 2 b
: Flotatlon 100.0 80 8 3 1
feed
BATTEULULE MEMORIAL INSTI!ITUTE
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' TABLE 10. TEST CONDITIONS USED TO OBTAIN RESULTS OF TESTS 10, 11, and 12
Per Cent Reagent, pounds
Time . PRup Solids per ton of
Tew Proguet Wening Congitioning Floating _ pH in Peed flotation fesd
' 10 Float } L] 5 10 8.1 8.8 Dextrin, 0.94
Dowfroth 200, 0,34
L Float 1 § b 10 8.0 18.0 Dextrin, 0.9¢
: Dowfroth 200, 0,34 -
l 12 Float 1 10 o 10 8.9 13.0 None
l Detailed Flotation Experiments on Italian No. 2 Talc
l The methods considered in these tests called for trying various quantities of
Dextrin and Dowfroth 200, replacing or supplementing Dextrin with Guartec (a guar
l gum), using an intermediate per cent of feed solids, stage addition of reagents, regu-
lation of pulp pH duyring the flotation period, and dewatering and refloating the flotation
. underflow.
The complete tabulation of these results and the operational data of these tests are
given in Appendix A. The more significant information contained in these tests has been
l abstracted and is given in the following tables. :
Table 11 contains the results obtained from experiments relating to the effect that
. the quantity of frother used has on the amount of talc recovered.
TABLE 11, ITALIAN NO. 2 TALC INFLUENCE OP QUANTITY OF FROTHER
ON WEIGHT RECOVIERY OF TALC BY FLOTATION
Float Produ Dowfrot(™), pounds
Welght Recovety, pet toa of Character of Froth Elaty Tale,
' Ten pes gent foad sollds Good Fale Poor per cent

% 810 Noas x Mostly fines
. n’ 70.4 . 0.11 ) X - 98

28 2.3 0.3¢ x 2
33 91.0 0.88 X 94

l ’ {s) Chemical compodition is discussed in Appendix A,

Each of the tests reported in Table 11 was made at 10 per cent feed solids and
included Dextrin{l) in the equivalent amount of 0. 47 pound per ton of flotation feed
solids. The pH of the pulp was 8. 6.

The results of these tests illustrate the natural floatability of the talc and the ad-
ditional collacting properties of the frother. Test 36 shows that 51,0 per cent of the talc

[41) Chemiesl compodiden is discusmed in Appendix A,

BATTYTELLE MEMORI AL INSTITUTE
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floats without any frother. The amount of talc floated increases according to the amount
of frother added. However, an increase in the amount of frother added resulted in
froths more difficult to handle. When 0, 34 pound of frother was added, the froth was
composed of a large. quantity of very fine bubbles that resisted defrothing. Addition of
frother in increments of less than 0, 17 pound per ton of feed might lead to better froth
control, and this can be tried at a later date if suitable results are not obtained by other
methods.

Tests 35 and 37 both yielded a float product that was 96 per cent platy talc. How-
ever, the recovery of tilc was increased from 70,4 in Teat 37 up to 83. 3 per cent in
Test 35 by the addition of twice as much Dowfroth, although the higher recovery was
characterized by a less suitable froth.

*  Aaseries of experimont; was made to determine the effect of per cent of solids in
the flotation fesd on the amount of tale recovered in the float product. The results of
thege experiments are shown in Table 12,

TABLE12. ITAUIAN NO. € TALC INPLUENCE OF PEED PER CENT SOLIDS
ON WEIGHT RECOVERY OF TALC BY PLOTATION

Float Product

Weight Recovery, Fead Solids, . . Character of Froth ) Play Talc,
Test * per cent pet cent __Good Pair Poox pet cent
10 6.8 8.8 X, 96

21-% 83.8 . 13 X o€

In each of these tests the reagents added were Dextrin 0.94 and Dowiroth 0. 34 pcund per
ton of solids. The pH of the pulp was 8.6,

The data of Table 9 show that a higher weight recovery is obtained when a higher
per cent of feed solids is employed. At 6.8 per cent solids, 75, 3 per cent of the weight
is recovered, and of 13 per cent solids, 83.9 per cent of the weight is recovered. This
is a substantial difforence considering that the same degree of platiness in the float
product is obtained by either approach. However, the froth produced frorn a fesd of 13
per cent solids was difficult to handle.

The amount of Dextrin used has a marked influence on the platiness of the talc
floated and a slight influence on the weight of talc recovered. Tests that illustrate the
magnitude of these factors are given in Table 13.

TABLE 13, ITALIAN NO, 2 TALC INFLUBNCE OF QUANTITY OF DEXTRIN
ON WEIGHT RECOVERY OF TALC 3Y FLOTATION

Float Product Dextrin, pounds . ezal C
Weight Recovery, per ton of feed Platy Talc, Fibrous Talc,
Tt per cant wolids pex cant pex cent Proth
i3 BL7 0 89 8 ) Good
26 ee.5 0.18 80 8 . Poor
N~ 8%.9 0.9¢ o8 3 Poor
Flotation feed - 100.0 e 90 L -
BATTELLE: MEMORIAL INSTITUTYTE
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Each test was made at 13 per cent solids, and 0. 34 pound of Dowiroth was added
per ton. The pH of the pulp was 8. 6.

Data given in Table 13 show that Dextrin has a tendency, although slight, to in-
crease the weight of talc recovered. More significantly, the data show that when no
Dextrin was used, the talc floated was only 89 per cent in the platy form, which is es-
sentially the same purity as the flotation feed. " When the equivalent of 0. 94 pound of
Dextrin was added, the float product was 96 por cent platy talc,

It is indicated that Dextrm ia not a talc depressant in every sense. More specifi-
cally, Dextrin acts as a depressant for nonplaty talc and a mild activator for platy talc.
The distinction is not sharp, but it is evident. The separation of platy talc fron nonplaty
talc may be patentable, and the Battelle Patent Sectitn is conducting a novelty and art
search on the subject. '

Guartec (trade name of guar gum distributed by General Mills) is alao known as a
talc depressant and froth modifier. Tests were made with various quantities of Guartec
to determine whether it would selectively depress nonplaty talc and also whether any
improvement in the quality of the froth might be expected. The summarized results of
these tests are given in Table 14.

. TABLE 14, ITALIAN NO. 2 TALC INFLUENCE OF QUANTITY
OF GUARTEC ON TALC WEIGHT RECOVERY,
PLATINESS AND FROTHING PROPERTIES

——————
——rr

Guartec, pounds Float Product

per ton of Feed Solids  Weight Recovery, Platy Tale,

Test feed solids Per Unit per cent per cent Froth
17 0.47 13 87.6 94 Fair
16 0.94 T 13 71. 0 . 94 Good |
34 . 0.94 20 77.3 91 Good

In each of the tests reportéd in Table 14, 0. 34 pound of Dowiroth was added, and the
initial pH of the pulp was 8.6, No Dextrin was used,

Guartec, in the amounts used, did not aid in producing a float product that was as
good as that obtained with Dextrin, When Dextrin was used, a product céntaining 96 per
cent platy tale was obtained, ‘but the best product obtained using Guartec ‘'was only 94 per
cent platy talc. The type of froth produced with Guartec was much easier to handle,
although this is not significant if satisfactory improvement in quality cannot be obtained.

The foregaing discussion describes the most significant data obtained regarding
the floatsbility of talc when Dextrin and Guartec were used. The beat results were ob-
tained from Tests 21-24 when 83. 9 per cent of the talc was recovered in a float product
that was 96 per cent platy talc, 3 per cent fibrous talc, and less than 1 per cent each of
dolomite and tremolite. The froth obtained by this method would be difficult to manage.

A comparison of the physical properties of raw Italian No. 1 and No. 2 talcs, and
the froth flotation product from No. 2 talc, i3 made in Table 13,
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TABLE 15. COMPARISON OF PHYSICAL PROPERTIES OF RAW AND
FLOATED TALC (ITALIAN NO. 1 AND NO. 2)

Itajian No. 1 . Ttalian No. 2
' Raw Raw Floated

Bulk Density, 1b per cu ft 23.7 . 21.5 23.6
Acid Solubility, per cent(d) 1.9 2.2 1.2
pH Alkalinity. 9.2 i 8.8 8.7
Relative Lubricity(b) 0.935-0.990 0.926 1.017-1.051
Relative Abrasionic) 0.00214 0.00259 0.00132
Weight Per Cent of Raw Talc 160. 0 100.0 80-86
Mineral Count, per cent

Platy Talc 88-90 90 . 96

Fibrous Talc 9 + .5 . 3

Dolomite <2 3 <1

Tremolite B 2 <1

o

(a) The figures for acid solubility sre at vatiance with informaion submitted unofficially in a similar tble to Johrison and
johnson by R. D. Macdonald. The acid solubility as shown above is considered Accurate, and a description of the method
of analysis and the reason for using it will be discussad in a forthcoming report.

(t) The larger the number, the more lubricious the talc. See Batwlle Progress Report to Johnson and John:on ~Studies of the
Physical Properties of Taic, Their Measurernent and Comparison”, by W. L. Smith, October 15, 1957.

(c) The implicadon of theze numbers will be discussed in & forthcoming reporr. The miore abrasive material produces the
highest number.

Table 15 shows that the floated Italian No. 2 talc has a more desirable mineral
composition than the raw talc, less acid-soluble constituents {dolomite equivalent),
better lubricity, and is about one-half ag abrasive.

Although the possibilities of further improvement of quality, recovery, and froth
properties were far from exhausted when using Dextrin or Guartec, a different approach
seemed advisable for two reasons. -First, Dextrin and Guartec, although not toxic,
might be objectionable because they are organic compounds that may cause rancidity or
fungus growth if not thoroughly removed or destroyed during the process. This, of
course, would be undesirable for baby powder. The second reason for a different ap-
Proach is that a more controllable froth is desirable. In nonmetallic flotation Processes,
excessive frothing is not uncommon when the operation takes place in pulps having a
high pH value. Most of the foregoing tests were made at a pH of about 8. 6, and while
this is not considered extremely’ )ugh, investigation of lower pH values appeared to be
worth while. In order to lower the pH to approximately neutral, it was decided to use
an inorganic acid, such as hydrochloric, and complete the flotation before the acid was
neutralized by the dolomite in the pulp and before the pH began to rise noticeably.

A series of tests was made using hydrochloric acid as a pulp modifier with some
encouraging results. Data obtained from these experiments are shown in Table 16.
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TABLE 18. FLOTATION RESULTS OBTAINED USING HC1 AS A PULP MODIFIER 'AND VARIOUS
AMOUNTS OF DOWFROTH AS$ A TALC COLLRCTOR(ITAUAN NO. 2 TALC)

—r
————

. Float Product
Dowfroth, pounds per Foed Solids, Weight Recovery, Platy Tale,

Test " ton of feed sollds - pet cant- pes cent ' pet cant Froth
4348 None 10 ' 60.2 98 Good
52-58 0,04 : 10° 57.8 98 Good
a9 - 0,11 10 n.t 97 Good
43-48 0.13 310 4.5 817 Good
52-55 0.17 10 8.6 917 Good
& 0.28 10 1.6 95 Fair
«© 0.2 10 7.7 94 Poor
80 0,17 18 ’ .1 g6 Good

81 None 3 83.0 91 Good

—

In each test the equivalent of 0. 09 pound of HCl per ton of ore was added, and the pulp
pH was about 7.6-7.8. The wetting time before reagent addition was 5 minutes, and the
conditioning time with HCl before fiotatién was 2-3 minutes.

The results given in Table 16 show that a float product containing at least 97 per
cent platy tale and having acceptable frothing properties is readily obtained.

) Increasing the amount of frother increased the weight recovered, but it was noted
during this series of tests that 0. 11.pound of Dowfroth was about the maximum that
could be added to obtain the Float 1 product without encountéring frothing problems. The
float products all filtered rapidly but the underflow products filtered slowly. This sug-
gests that the solids in the underflow ars much finer, than the float products.

The size distributions of the products obtained from Tests 43-46 were determined.
These were discussed in a letter report dated April 1, 1958, to Dr. W. H. Lycan. The
data show that the flotation feed was 13. 5 per cent finer than 4. 7 microns but the flota-
tion underflow was 26. 7 per cent finer than 4.7 microns. Although the Float 1 product
contairied only 9.7 per cent of the weight finer than 4.7 microns, it is our belief, as
judged from handling of the product, that flotation alone did not remove enough particles
of dust-forming size to be acceptable. Elimination of those sizes which create ajir

. borne talc particles probably will require a cyclone type of treatment, and a number of
experiments are planned to determine what factors are involved and whether hydraulic
or pneumatic cyclone treatment is the more feasible.

’

CONCLUSIONS

Data and observations obtained from the flotation tests to date have established
that:

(1) Platy talc floats more readily than nonplaty tale.

{2) A frothing agent, such as Dowfroth 200 is helpful in cbtaining
reasonable talc recovery.
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{3) About 13 per cent-solids is the optimum feed pulp density for
treating Italian No. 2 talc.

(4) Either Dextrin or hydrochloric acid is an.effective reagent £or
rejecting nonplaty tale.

{5) When Dextrin is used to depress nonplaty talc, the froths produced
are voluminous and difficult to handle. When hydrochloric acid is
used to regulate the pulp pH and depress nonplaty talc, the froths

* produced are normal and will filter vapidly.

(6) Italian No. 2 talc can be floated to yield a product which is miner-
alogically superior to Italian No. 1 talc.

{7) Onsis and Stone Creek typas of ores can be floated to yield products
that approximate the quality of Italian No. 1 talc. It is believed
that methods can be developed for these typu of talc which will
yield satisfactory products.

{8) Flotation will reject some of the objectionable fine talc, but more
complete removal of the fines probably will require classification
by hydraulic or pneumatic cyclones.

FUTURE WORK .

Future experiménts would have as an objective a higher *ecovery of platy talc.
Such experiments would be based on the use of hydrochloric acid to control the pulp pH
and thereby the rejection of nonplaty tale while using different techniques of frother ad-
dition for improved recovery.

Flotation alono does not rojcct a sufficient amount of the particles which are po-
tential dust; therefore, expsriments would be made to remove these sizes by hydraulic
cyclones.

After optimum beneficiation conditions have been obtained, it would be planned to
produce snough product for various physical msasurements and also enough product to
send to Johnson and Johnson for their subjective appraisal.

We propose to investigate the feasibility of nearly complete removal of dolomite
by leaching the float products with an inorganic acid. Nearly complete removal of dolo-
mite would be necessary if it is important to obtain 2 talc product having a neutral pH,

Flotation tests would be made on samples of Italian No. 2 talc which represent
different lots or shipments in order to establish that the beneficiation process is appli-
cable to any potential differences in source material.

The original notes on the laboratory work described in this report are in Battelle
Laboratory Record Book No. 14265, pages 1 to 100, inclusive; and also in Laboratory
Reecord Book No. 14668, pages 1 to 33, inclusive, 'rh. work was done in the period from
December 11, 1957, to May 12, 1958.
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' A-l and A-2
l TABLE A-). DETAILED RESULTS OBTAINED FROM PLOTATION OF ITALIAN NO. 2 TALC |
Appraximate Reagents Usad,
' Yinand Counl, Feed, Flota aounds pet fon
‘ Weight . Pt . wiids ten of (ad
Per Dole- Tigp- per  Ting, Dowholy  Fioh Characler
Tast  Product Cent  Plaly Nonplaly mits || cent  nin  Dextin Guarlee*HCI 200 Other Good Falt Poor Remarks
l Flolation Italien 1000 96 [ 3
Feed a2
I Aol &9 % 1 < < B 1B osM o 0 0% 0 X
12 Flost] 99 8 $ o2 1o B ] [ 0 x Some purity 23 foed
Flast2 2.8 b 5 9 ] 0 63 0 x
Flost3 73 Hol defemined 5 @8 [} P on b x
B foall 92 08 5 1 4B I oM 9 B oM 0 X Tap water used to pulp sollds
W Fios] 844 Notdelaminmeg - S8 10 oM LD O T x
' 15 Floall #4469 4 < <.n 5 oM 0 0 on [ X
. Fest2 86 @ 6 1 ) 5§ 0 0 0 o O *
16 Froall 710 ¥ B N N B § 0 oM 0 oM [ JN | Filtermd qulckly
Flost 2 150 Notdetermined 5 0 9 0 oM 0 x
1 Fleatl 86 % § <1 <4 1B 5 0 047 0 0% 9 X
_ Flost2z 73 81 § ¢ 1 L 0 b OM 0 Soma purily 35 fned
bt ] mi' %0 % 1 «ad g B B 9 07 0 MM -0 x Flost L reftonted tvice
cieanel
1§ Cioaner 565 Not deleimined B B 67 a4l 6 03 [ 1 Float | refioated once
20 Floal) $66 Not deteimined px] $ 0% a8 ¢ oM 0 X
Fleal? 0.7 Kol datesmined B 5 o7 0 ¢ i ¢ x
A4 Flaall 8BS 9% 3 < « B 10 0% ¢ ¢ oM [} x  Ouplication of Test 11
averags of four tests
l 8 Discaided becass of contaninedlon -
X Flost] 825 % 3 < <1 1 I o 0 6 oM ¢ x
U Floall 750 Mol delermines : 1 o016 0 & oy [} i
g Discaided becavse reazents had daterioratod .
3 Aol 81 N H 1 2 n s 0 o 0 oM 0 x
' Fleatz 207 & ¢ F I § 0 ] b oy I x
H Fleatl 713 9 & 3 1 2 § 0 M 0 oM [ I
Float2 129 Not deternined
5 Foatl 81 % ! « 1 ¥ W a9 0 oM 0 x
Fii2 177 B A 5 0 0 0 oM 0 x .
36 Floall 510 Not detwningd v P ooy 9 s 0 0 x Pradomimantly fing particles
Aoet2 T4 Mol determined 5 a0 o oM 0 Conluios soarse platelets
: . ad eonteminants
I 37 Fiest]l 04 % 7« 1 I w ool 0 [ AY 0 3
Flost2 183 tiet doterminad [ £ T 7 0 0
31 Float]l 831 Nelgeleimingd I (] 0500 x x
M Featl 2% W g <& <1 0 N 0 0 09 ¢ 9 x Excaplionally goed prade; st
Fioat2 105 % 3 d « W ¢ [} 0 el 0 9w ead of lest pN of pulp was 7.4
4 Fial] %7 M « 2 10N 0 0 [ ) %
41 Fiost] 53 5 2 <« 1 1 0 0 008 .11 ] X
Float2 93 4 <1 < § 0 [ 0 alf @ =
42 Oiscardeq because of coatamination
l 348 Flot) @2 8 1 < % 18 W ¢ 0 008 0 0 x Flilered upldly
Flogt2 W3 9% 2 11 s 6 0 9 0 o3 ¢ x Filtered ropidly
Untsr- 255 & a § & pH of puip was 7.8, Hitmed
{low . . slomly
L1 Disconded betause of contaninglion
l 4 Flaatl SR8 Not determined : e N ¢ 0 [ 0309 x Reagent 620 piotuced buif-
Flaat2 142 Mot Onumined , 3 0 ) 8,08 011 0 colored preducts
4 Float1 Yo beraphated, 1sulls tuestioniite o 0 0, 00 0 [ § Ftolation feed source was oMained
. Float2 $ 0 0 o B 0 from oyclont uaderfiow
S0 Flall 628 9 2 TiateTmes 3 10 O 0 0080 0 x
Flest2 143 M § < [ B 9 00y 0 2
§1  Fleal! 530 & 2 <1 <« 3 » 9 b (X N} |
n5  Fat] 518 9 2 <l « 1 50 0 0.08 0.04 P
Flet2 80 % 3 < «l § ¢ 0 0 0B’ 0 s
560 Scar &l 3 « 1 7 ® 08 0 0.12 0.1} o, x Undetiiow frem Tasts Nog, 52.55
enger was oycloned and cyclone undet-
fiaw esed 23 fiotadion
l Nole: Sarmb tests are net evaluslad winenlegically of unsalisfaclory frolh chatecteriHits of because welght tecevery was too (ow.
Reagents used: Ouxtrin is made by hydrolysis of siaich and menclactred by Cliskn Fasds Incorparaled, wader the same of Dexisin 603,
Guastec Is the Genural Mlls liage nans lor oot gun.
HOI Ju 1eported us pownds por ton of seagent grade hydochloric atid which (s sl 38 por cend of HCI,
. Cow(mlli 200 is 2 water-solubie frathing agant musfactured by tw Dow Chemics! Company. The chemicel foimula is cn;c;n-cm-o-cmomacn;.
{9 Dowtroib 750 {c) Reagent £20. OH
) Ullravst °K. {d) Test 56 was made on {he undesflow praduct of Togts 52:85, and racovery af .1 per cent reters to S original fesd
l for Tasts 5255,
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APPENDIX B
' FROTH FLOTATION

Froth flotation is a process of material separation for solid particles, usually
finer than about 200 microns in size. The separation takes place in an air-water mix-
ture, and is a result of the adhesion of certain particles to air bubbles and the wetting
of other particles by the water phase. Whether & particle will adhere to the air phase
and be floated, or be wetted by the water pbase and sink depends on the character of its

surface,

Materials that either ionize ‘or hydrate in water are nonfloaters, and most min-
erales are in this group. Sulphur, gnphito, and talc are exceptions and ars called
natural floaters. Materials with a.hydrocarbon surface, such as solid paraffin, are not

" wetted by water and will adhere to air bubbles. A material normally water wettable and
nonfloatable can be made nonwettablé and readily floatable by coating it with a mono-
molecular film of a pard!in-typo chemical {collector), which presents a surface to the
air-water mixture essentially the same as solid paraffin. The polar part of the chemi-
cal causes the hydrocarbon chain (nonpolar group) to stick to the surface of the mineral.

The reagents employed in flotation, grouped according to their function, are
frothers, collectors, and modifiers. In the flotation of talc, however, collectors play

l no part and are not discussed hére because talc has a naturally nonwettible surface.

Frothers

Frothers reduce the surface tension of the water and stabilize the air bubbles.
The frother molecule is heteropolar: one part: of the molecule has an affinity for water.
and the other has an affinity for air., The most widely used frothers are pine oils,
cresylic acid, and various aliphatic alcohols. Substances with structures similar to
alcohols, phenols, ketones, or aldehydes are most suitable, but many other organic
compounds are potential frothers,

Frothers usually have only slight collecting properties, that is, they do not adsorb
on minerals in such a way as to'make the surface nonwettable. Same outstanding ex~
ceptione are that certa:ln frothers aid in the collection of talc, graphite, molybdenite,
sulphur, and coal, and this fact has been used in the work done on Italian talc.

Modifiers

Modifiers are chemicals which can be.used to affect the wettability or nonwetta-
bility of a surface. They are used most commonly in connection with collecting reagents,
to modify the degree of surface action, so that species of minerales may be separated
with greater selectivity., Modifiers also affect the surface characteristics of naturally
nonwettable minerals such as talc, and can be used to increase the guantity of talc which
will float under a given set of conditions or the quantity of waste material which can be
prevented from floating.
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Modifiers ueually are inorga.nic Teagents, but some organic ones are used also.
Some of the common ones are hydroxides, oxides, silicates, carbonates, and phosphates
of sodium or calcium, mineral acidsy, lhort- chain organic acids, starch, dextrin, gums,
and glues.

Flotation Variables

Every ors contains at least a small qﬁantity of soluble salts, and the water used -
for milling, regardless of ifs puypity, qontglns many kinds of ions. This means that
every flotation eystem, before the addition of : any reagents, contains literdlly dozens of
ions which are capable of competing for a place on the surface of mineral particles’ .
After the addition of collecting, frothing, and modifying reagents, this situation is
further complicated, and when the air }s introduced, the oxygen and carbon dioxide of
the air take their turn at altering the pulp conditions_

In addition to the chemical variai:lu, there are physical and mechanical variables
in a flotation system, such as particle size, water to solid ratio, speed of agitation;
flotation time, place of reagent addition, type of machine used, temperature, cell ar-
rangement, and seéquence of mineral flotation, The kind and quantity of slime present in
a flotation pulp are also factors of importance.

The combination of these chemical, physical, and mechanical variables results in
a heterogeneous system of such complexity that it defies the time-honored method of
scientific investigation, which is, to change one variable while holdmg all others con-
stant. The change of any one variahle simultaneously changes many others. For exam-
ple, a change in acidity (pH) by the addition of hydrochloric acid will not only change the
concentration of hydrogen, hydroxyl, and chloride ions present in accordance with the
laws of mass action, but it mnay change the concentration of nearly ‘avery ion present in
.the pulp, and any one of these .com:entraﬁons may be critical to succesgful fiotation. In
addition the change in acigdity will affect the ab:lity of the frother to produce a stable
froth.

Flotation as an Art

It is because of this inherent complexity that flotation is often referred to as an
art rather than a science. Successful results on any ore are obtained only by an "artis-
tic balance' of the many variables. Actually, the picture is not 30 bad as might be sup-
posed, for the majority of the variables usually are of minor importance and only five
or ten must be studied -closely.

This brief discussion of flotation variables is included to stress the point that each
ore presents its own intricate system, and that the set of conditions which gives optimum
results for one ore may require modification for another.

Laboraea;y.notaﬁo'n Procedure

The flotation equipment used for these experiments is the standard Fagergren
Laboratory Flotation Cell of 500 gram solids nominal capacity. It is a batch machine,
but it is known that the results obtained with this type of equipment can be translated
reasonably well in terms of large-scale continuous commercial operation. The
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Fagergren cell is made up of a cylindrical glass bowl which will hold about 1. 75 liters
of pulp. The pulp is agitated by a rotor which is placed concentrically inside a stator,
both of which are made up of multiple stainless stesl rods in & rotunda configuration.

As the rotor sping in the pulp, a partial vacuum is created directly beneath it which
draws air through a concentric shaft and discharges it at the bottom of the cell. As the
air enters the pulp, it is expelled with great shearing force between the rotor and stator
and becomes diffused in the form of minute bubbles in the pulp.

The general laboratory procedure used for the flotation of talc samples was as
follows: :

Pulverized talc and water were added to the {lotation cell in the proportions that
would give the desired per cent of solids. The rotor was started and the pulp agitated
until the solids were wetted. Selected reagents were then added and the pulp conditioned
for a few minutes. The air was turned on and the flotation period started. The miner-
alized froth which forms on the surface of the pulp was skimmaed off with a paddle for a
specified time or until no more froth formed. Additicnal reagents were added, if de-
sired, for increased recovery of talc. During the test, records were kept to show the
type of water used, per cent solids, pH, quantity and kind of reagents, time allowed for
conditioning and flotation, and other significant observations.

If the froth, or float product, was not of the desired purity, some of the standard
methods for improvement were:

(1) To decrease the rate of aeration, which decreases the rate of froth
overflow

{2) To decrease the per cent ss:lid- in the flotation feed

(3) To use less powerful iroth'ﬂxg reagents

{4) To use 2 more effective depressant

{5) To refloat the frothin a l.eéond-stago operation

{6) To make the separation at another pH level

(7) To decreass the timlc of froth collection.

Some of the methods used to increass the recovery of high-grade platy talc were:
(1} To increase the rate of aeration

(2) To increase the per cent solids in the pulp

(3) To dewater the underflow and repsat the test on the unfloated solids
and at a relatively high per cent sélids.
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