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Battelle Memorial Institute
5 # B  K I H O  A V E N U E  C O L U N E U S  I .  O H I O

M arch 28, I960

Mr. W. H. Ashton 
Johnson and Johnson 
R esearch  Departm ent 
New Brunswick^ New Je rsey

Dear M r. Ashton:

We a re  p leased  to transm it six copies of our Phase R eport, "P ilo t-P lan t 
Benefielation of Italian Run-of-Mine Talc".

As pointed out in  the rep o rt, the runs w ere quite successful in  that a  superior 
talc  product of high lu ste r and platlness was obtained a t a  high recovery.

O FT/m in 
Enc. (6)

cc: Dr. W. H. Lycan 
M r. 0. V. Swank

Sincerely yours,
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INTRODUCTION AND SUMMARY

Laboratory  work* had shown that a superio r talc product could be produced by wet 
grinding and flotation of Italian run-of-m ine** talc. Consequently, Italian run-of-m ine 
talc  was p rocessed  in  the pilot plant to dem onstrate the technical feasibility  of the p roc­
ess and to obtain drum  quantities for panel testing.

The treatm ent procedure was as follows: after ham m erm ill crushing to minus 
1/4 inch, the talc was ground wet in a pebble m ill, in closed c ircu it with cyclones, to 
approxim ately 98 p e r cent minus 200 m esh. A fter rem oval of the m ajo r portion of the 
minus ld -m icron  fraction in o ther cyclones, the platy talc was recovered  by flotation, 
f ilte red , and spray dried. Sixty to sixty-five p e r  cent by weight of the feed to the plant 
was recovered  as a superior talc’ product. Deionized w ater was used throughout the 
p rocess.

The beneficiated talc was a t least 99 p e r cent platy, analyzed from  0. Z to 6. 3 per 
cent COg, contained about 12 to 13 p e r  cent of minus 10-m icron m ate ria l, and had a 
lu s te r  higher than either the presently  sold baby powder o r  the beneficiated Italian No. Z 
talc.

•  Progrès, Report, "The Phytictl Concentration of T slc  Ores'Flotation of Italian Run-of-Mine T ile", December 31, 1969.
** Hereafter abbreviated n  ROM.

B A T T E L L E  M E M O R I A L ,  I N S T I T U T E

BUSINESS CONFIDENTIAL
Protected Document-Subject to Protective order JNJAZ55JW00005Î2



2

SCOPE OF THE PILOT-PLANT WORK

BUSINESS CONFIDENTIAL

The pilo t-p lant study of the beneficiation of Italian ROM talc  was composed 
essen tia lly  of two phases.. The f ir s t  was to determ ine the operating conditions required 
in  the grinding c ircu it to produce a  suitable wet-ground talc fo r flotation. The second 
was to establish  flotation conditions for the beneficiation of the wet-ground talc. Thel 
f ir s t  phase was completed in the la s t  half of Septem ber and the f i r s t  half of October, 
1959. The flotation phase was completed by the middle of November, 1959.

GRINDING INVESTIGATION

The grind  desired  on •the Italian ROM tale was 98 p e r  cent minus 200 m esh with a 
minimum  of m inus 10-m icron m ateria l. Equipment in the crushing and grinding c i r ­
cuit included a  ham m erm ill (4)*, pebble m ill (8), two cyclones (10, 10a) together with 
the n ecessa ry  pumps (9, 9a), conveying (3-5), storage (6), and feeding (7) facilities. A 
feed ra te  of about 450 pounds p e r  hour to the grinding c ircu it was desired  because this 
ra te  was the approxim ate capacity of the beneficiation section of the pilot plant.

Crushing

The ROM talc was received in burlap sacks (150 pounds p e r sack) and had been 
crushed to about m inus 2 inches. In o rd er to m aintain a fixed storage 'b in  level, th ree  
sacks of talc  w ere erufched p e r hour; two on the hour, one on the half hour. The ham ­
m erm ill product was nominally minus 1/4 inch in  else. Table 1 .p resen ts typical screen  
analyses of the ROM talc before and a fte r ham m erm ill crushing*.

Grinding

The following general plan was used to determ ine the operating conditions required  
far the desired  grind. F o r each se t of conditions the c ircu it was f ir s t  operated for 
about 4 hours to establish  equilibrium. After equilibrium  had been reached, as de­
term ined  by pulp density and volume m easurem ents throughout the c ircu it, the required 
sam ples w ere taken over a period of 2 to 3 hours. Based on the analyses of these sam r 
p le s , changes w ere made in' the operating conditions, and a fte r equilibrium  was reached, 
the c ircu it was again sampled. This procedure was repeated  until the desired  operating 
conditions w ere established.

* Foe oqjitpmsM »pacification* ise  coneiponding identification number in die Hiaie Report "Design and Construction of a Tate 
Flotation Pilot Plant", December 30, 19*9.

B A T T E L L E  M E M O R I A L  I N S T I T U T E
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The in itia l te s ts , s ta rted  on Septem ber 18/ 1959, were made using die pebble 
m ill (8) with 1500 pounds of 1-1 /4-inch  porcelain balls and die 4-inch (No. 1) short 
cyclone (10). It was soon apparent that insufficient grinding was being obtained in  the 
m ill, and, th ere fo re , die pebble load was increased  to 2900 pounds. Additional runs 
were made using the one cyclone with various apex (discharge) openings, feed and over­
flow discharge p re ssu re s , and pulp densities. The finest grind reached was 90 p e r  cent 
minus 200 m esh  with about a 20 p e r cent minus 10 m icrons.

I t appeared that, to reach the desired  grind, i t  would be necessa ry  to use No. 1 
and No. 2 cyclones in se rie s , i. e . , the second cyclone re trea ting  the overflow from  the 
f ir s t ,  with the underflow from  both cyclones returning to the pebble m ill. A fter con­
siderable experim entation with th is c irc u it, operating conditions w ere established which 
gave a  grind of 98 pe r cent minus 200 m esh with 25 to 30 p e r cent minus 10 m icrons. 
This grinding investigation was completed on October 15, 1959.

F igure 1 shows the flowsheet of the grinding circu it. Typical operating date , as 
well as an approxim ate w ater-so lids balance also  a re  shown.

Table 1 gives typical screen  sice  analyses fo r the various points in  the grinding 
c ircu it. Tables 2 and 3 p resen t additional operating date: volum es, pump densities, 
w ater requirem ents, cyclone operating p re s su re s , and efficiency calculations.

The circulating load and classification efficiencies of Table 3 a re  worthy of com­
m ent. The circulating load of 660 pe r cent is ra th e r high for a  conventional ball m ill- 
cyclone circu it. - In addition, the classification efficiency of 21 p e r  cent (based on r e ­
covery of minus 200-mesh m ate ria l fed to the cyclone circuit) is  low.

At le a s t two factors contribute to these conditions. One is  the platy character of 
talc . As partic le  shape deviates from  a sphere o r cube,, classification becomes m ore . 
difficult, and in  a  one-pass operation m ore  inefficient. In addition, a 98 p e r cent minus 
200-m esh grind with less  than 0. 3 p e r  cent on 100 m esh is  a difficult grind to reach , 
particu la rly  with a  platy m ateria l. Excellent rejection of the plus 200-mesh fraction 
m ust be obtained, and fids is  only accom plished a t the expense of recircu lating  a  con­
siderable  quantity of finished (minus 200 mesh) product to the pebble m ill. The effi­
ciency of rejection  of plus 200-m esh m ateria l was excellent: 99 per cent, a s  shown in 
Table 3.

F urther experim entation with the grinding circu it m ight lead  to a  grind of 98 per 
cent m inus 200 m esh  with le s s  than 25 to 30 per cent of 10-m icron m ate ria l, as well 
a s  low er circulating loads and im proved efficiencies. F o r an investigation of this so rt, 
24-hour (continuous) operation would be necessary  with m inor changes in  the c ircu it 
from  tim e to tim e. This type of an investigation is  one that is b e s t made in  an operating 
plant because the effect of each m inor change will be em ail and a num ber of days of 
operation under each se t of conditions a rs  necsssa ry  to establish the effect of the 
change. It is  B atte lle 's  opinion that im provem ents in  the grind can be m ade which will 
reduce the quantity of minus 10-m icron talc .

I A T T I U I  M E M O R I A L  I N S T I T U T E
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FIGURE 1. PILOT-PLANT GRINDING CIRCUIT FLOWSHEET FOR 
TREATMENT OF ITALIAN RUN-OF-MINE TALC

l A T T K L L ' E *  M E M O ft V A L I N -S Y I f  U T *
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TABLE 1. TYPICAL SIZE-DISTRIBUTION DATA, CRUSHING 
AND GRINDING CIRCU IT^

P ilo t-P lan t Treatm ent of Italian Run-of-M ine Talc

Mash

Sis a Distribution, pa r cant by weisrht
Ham m erm ill Ball-M ill 

'' D ischarge
No. 1 Cyclone No. 2 Cyclone

Faadfc) Product^®) U'flow 0'fl.ow U'flow 0 > fW d)

+ 3 41.8 m _ e » » m — m «e

-  3+ 10 22. 7 12.0 tr t r  • - - — •m*
-  10+ 20 11.7 15.3 0 .4 0 .4 — tr —

-  20+ 35 5 .8 17.3 1.7 2.5 - - t r —

-  35+ 6? 6.6 16.8 8.3 10.9 5.0 0.5 tr
-  65+100 2.9 6.5 14.5 16.3 3 .2 3.2 tr
-100+200 3 .2 6.1 14. 2 14.5 2.2 10.4 2.0
-200 5 .3 26.0 60.9 55.4 89.6 85.9 98.0

-  10 m icrons 0. 3 .1 .0 6.8 — -- — 29.6
(a) Run of October SS, 1866.
(b) All pitting 2 inch.
(«0 Bill-mill feed.
(d) Peed to prlmtiy cyclone* preceding fioutlon. ■

TABLE 2. TYPICAL ORINDING-CIRCUIT OPERATING DATA 

P ilo t-P lan t T reatm ent of Italian Run-of-M ine Talc

Weights, Volumes, and Pulp Densities

C ircuit
Solide, 
lb /m in

S lurry
SoUds, %

New W ater, 
QPM gpm

Pebble M ill . 
New Feed (dry) 7 .5 1
Discharge 51 9, t .  ;  . . .T

No. 1 Cycloae
Feed 57 22 27 • 18
Overflow 17 9 21 —
Underflow 40 53 6 - -

No, 2 Cyclone 
Feed 17 8 25 4 .
Overflow 7 .5 4 23 - -
Underflow 9.5 42 2

•  A T T I L L I  M E M O R I A L  I N S T I T U T E
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TABLE 3. TYPICAL GRINDING-CIRCUIT OPERATING DATA 

P ilo t-P lan t T reatm ent of Italian Ruh-of-M ine T ile

Grinding-Circuit Circulating Load

Per. cent circulating load Weight cyclone underflow ‘‘ 
Weight new feed

New feed * 7 ,!  lb /m ih
Underflow, No. 1 cyclones 40 lb /m in  
Underflow, No. 2 cyclone« 9. 5 lb /m in

P e r  cent circulating load = ^ x 100 ■ 660% i 7.5

Grinding-Circuit C lassification Efficiency 
{At 200 Meeh)

Recovery of Minus 200-Mesh Fraction
Efficiency nt -  Weight of minus 200-m esh  No. i  cyclone overflow .. 10fl 

'  Weight df minus 200-mesh No. 1 cyclone feed

Efficiency, % g 0; |y  *  % * 100 * a l- 2*

Rejection of P lus 2Q0-Mesh Fraction

> E f f i c i e n c y ,  %  »

(Weight of plus 200-mesh No. 1 cyclone feed) -  (Weight of plus 200 -xnestrNo. ¿cyclone overflow) 
Weight of plus 200-m esh No. 1 cyclofie feed

a c l O O

Efficiency, %= ° ‘ T f j r 8 * 0Z) x .100 * 99. 3% ' .
3 i X 0  e 3 / 1

Cyclone Operating Data 
___________________  P re s s u re , paig
Qpm Feed Feed Overflow Underflow

No. 1 Cyclone (e) 27 22 2 ‘ . ( c )
No. 2 Cydone(b) ‘ 25 16 6 (c)
(») 4-ineh «hott cyclone -  B /lf-lncb inlet (t i 4-ineh long eyelone -  i/4-tneh islet (c) free difchuge.

1-ineh vettea findet 3/4-tneli vtactex findet
3/4-ineh tpex. 8/8-lneh apex.

l A T T I L t ’ l  fcj C M O R I Ar C  - I N S T I T U T S
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Beneficiation of the w e t - ground ROM talc was s ta rted  on October 19, 1959. The 
f ir s t  c ircu it used  was that employed in  the concentration of Italian No. 2 talc. *

M icroscopic examination of the froth from  each cell.showed that the ta lc  being 
floated in  a ll of the f ir s t  6 flotation cells was of good quality and that recircu lation  of 
the concentrate from  Cells 5 and 6 (as practiced  on Italian No. 2) was not necessary . 
Consequently, c ircu it changes were m ade which elim inated Float 2, the scavenger 
cyclones, and the scavenger flotation cells . Thus a ll 6 cells of the previous F loat 1 
and F loat 2 c ircu its  becam e F loat 1.

After, severa l hours of operation with this stra igh t rougher (Float 1) c ircu it on 
October 21, i t  was apparent «hat insufficient quantities of flotation reagents were being 
used. (This was because there  was now no circulating load to re tu rn  reagents to the 
flotation c irc u it .) Additional amounts of reagents w ere added fo r the balance of the 
shift. The low weight recovery , 49 p e r  cent, obtained on this day is  believed to be the 
re su lt of several hours of operation with insufficient reagents.

This c ircu it, as shown in Figure 2, was Operated on October 22, November 3 , and 
November 4 with no changes. On November 5 and 6 reagents w ere increased  10 p e r  
cent. The m etallurg ical resu lts  obtained during these 6 days of operation a re  given in 
Table 4. R ecoveries of 60 to 65 p e r cent, based on plant feed, w ere obtained in  p ro ­
ducing a  superio r talc  product.

Typical operating data a re  given in  f ig u re  2 and Tables 5 , 6, and 7. These in ­
clude s ise  analyses, weights, volum es, pulp densities, cyclone operating data,- p rim ary  
cyclone efficiency calculations, and flotation reagent quantities.

OPERATIONAL PROBLEMS

The usual s ta rt-u p  and b reak -in  problem s wefe' encountered in 'the  grinding c i r ­
cu it, but once these had been solved, the en tire  c ircu it ran  smoothly. M inor problem s 
that occurred , and should be kept in  mind in  designing a  com m ercial plant, have been 
d iscussed  in  the Phase Report of December 30, 1959, "Design and Construction of a 
Talc Flotation P ilo t P lant".

* There Repeu, "Pilot-Flint BeaeficUtlon of Iu liia  Mo. 8 Talc", Much 1, i860.

» A T T I L L I  M E M O R I A L  I N S T I T U T S
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FIGURE 2. PILOT-PLANT FLOTATION-CIRCUIT FLOWSHEET FOR 
TREATMENT O F ITALIAN RUN-OF-MINE TALC

■ A T T E l l C  M E M O I t l A U  I N S T I T U T E
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TABLE 4. SUMMARY OF PILOT-PLANT BENEFICIATION OF ITALIAN 
RUN- OF-MINE TALC

Date, 1959 Oct. 21 Oct. 22 Nov. 3 Nov. 4 Nov. 5 Nov. è
Feed R ate, lb /h r 435 432 - 467 440 442 468
Operating T im e, min 359 380 366 390 390 330

Feed(a >
Platy  T alc, 91-92 91-92 91-92 91-92 91-92 91-92
C 0 2, % 0.61 0 .64 0.68 0.61 0.68 0.61
-10 M icron, % 29.5 29.6 27.0 25. 2 28.9 26. 2

Benefi elated Talc
P laty  T alc, % 99 99 99 99 99 99
COg, % 0.15 0.17 0. 26 0. 19 0.32 0.28
-10 M icron, % 9-0 10.4 13.0 13.6 13.0 12.4
O ver-A ll Weight 

Recovery,
48.8  . 58.0 61.8 61.1 61. 3 65.9*'i

L u ste r nd nd 1.59 1. 56 l - 54 .. 1.59

Combined Tailinge(c)
co2> % .1 .05 1.29 1. 36 1.27 1. 25 1.25
-10 M icron, % 61.9 59.0 ad nd nd nd

(a) Orincling-circuit cyclone overflow.
(b) Baled mi COa antlyiM.
(c) Primary cyclose combined with flotation tailing.

■ A T T E L L E  M E M O R I A L  I N S T I T U T E
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TABLE 5. TYPICAL SIZE-DISTRIBUTipiÎ P Â T A , FLOTATION CIRCUIT^) 

P ilo t-P lan t Treatm ent of Italian Rua-of-M lne Talc . .

. . Mesh
P rim ary  Cyclone« Flotation

Tallin*
Combined 
T a llin n  (e)

-----' i f  1

P ry  e r . 
ProductU’flowO*) O 'äew

+ 65 1.0 ■ — — es»» 0. 2

- 65+100 1.6 — — — 1.3

-100+200 0 .6 — — — 1.0

-200 96.8 ea » 97.9 98. 7 97. 5

-  10 m icrons 9-4 7Ì. 2 15.4 59. 0 10. 4

(a) Run of October 23, 1969.
(b) Flotation lend.
(e) nennen  tailing combined with primaiy cyclone overflow.

B A T T E  L C *  M E M O R I A L  I N<S  T - 1 T U T E -
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TABLE 6. TYPICAL PRIMARY-CYCLONE AND FLOTATION-CIRCUIT 
OPERATING DATA

P ilo t-P lan t Treatm ent of Italian Run-of-Mine Talc

W eights, Volumes, and Pulp D ensities
Solids, S lurry New W ater,

C ircuit lb /m in Solids, ft ' GPM gpm

P rim a ry  Cyclones
Feed 7.5 4 23 —
Overflow 2.25 1.4 20 - -
Underflow^) 5. 25 7 9 6

Flotation .
Feed 5.25 7 9 - -
F ro th  (b) 4 .5 15 3 2
Tailing . 0 .75 1 .3 ' 8 —

F iltra tio n JÌC) .Feed 4 .5 15 3
F iltra te 0 0 3.6 - -
Cake 4 .5 60 0 .4 —

B y-Product Thickener
Feed 3.0 1.3 28 —
Overflow 0. IB — 27 - -
Underflow 2.82 26 1 - -

P rim a ry  Cyclone C lassification Efficiency
(At 10 m icrons)

Rejection' of Minus 10 -M icron F raction •

Efficiency, ft a Weiaht of minus 10 m icrons in  cyclone overflow Jt 100WWght of m inus 10 m icrons in  cyclone feed

Efficiency, ft = 3. 25 x  0. 712 „  « «A » ee t at.
7. 5 x  . 2 9 6 ----- IV •  • s»t * fV

Cyclone O pera tis i Data -

P re ssu re , g e il_______
g g M re e d  Overflow Underflow

P r im a ry  Cyclones 23 32 10.5 ■ 6.5

(a) A tei dilution wtter.
(fe) Altar launder iptay watet, 
(e) With water on Alter.

■ A T T I L L I  M I M O N I A L  I N I T I T U T t

BUSINESS CONFIDENTIAL
Protected Doc um ent-Subject to Protective Order JN<tA2SS_800000n2



BUSINESS CONFIDENTIAL
12

. . t

TABLE 7. TYPICAL FLOTATION-REAGENT DATA 

P ilo t-P lan t Treatm ent of Italian Rua-of-M ine Talc

. Flotation R easen ti. nound« oer ton new feed

Reagent Conditioner
. flo ta tion  Cells1 2 3 1 5 r B y-Product’

Thickener Total

HClj 37 %W 

Dowfroth 250 fa) 
A erosol isfa) 

Separan AP30fa)

41.  o(*) 
0.06 4
0. 24

— — 0.06 0.06 0 .03 —
— 0 .2 4  — 0.12 — —

0.10

*1.0 

0.21 

0. 60 

0.10

(•> 10 % solution.
(b) 0 .4  “jb »elution.
(c) 2 4  solution.
(d) 0 .2  4  tolutlon. 
(e> To pH 8.9-7.1.

8 . A T  T E L L E  M E M O R I A L '  I N S T I T U T E -
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