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INTRODUCTION

,This is  the Third P ro g re s s  R eport on "The P hysical Concentration of 
Talc O res" and specifically  applies to experim ental re su lts  obtained from  
the beneficiation of Italian  run -o f-m ine (ROM) talc. F o r com parative 
p u rp o ses , occasional re fe ren ces  a re  made in the d iscussion  about re su lts  
obtained from  Ita lian  No. 2 talc. *

The objectives of the investigation w ere:

(1) To obtain a  product that consists  essen tia lly  of talc p la te le ts

(2) To re je c t talc p a rtic le s  that a re  of a size and shape that 
c rea te  unpleasant dusting while ta lc is  being dispensed 
from  a container

(3) To obtain a talc product with an obvious lu s te r in  o rd e r  to 
convey to the consum er the im m ediate im pression  that the 
talc is  of the highest-quality

(4) To investigate the v a ria b les  that affect the g rindability  of 
talc

•Brown, *W7 E ., "The Physical Concentration of T alc O rel -  Flotation of Italian No. 2 T alc”, Batrelle 
Progress Report to Johnson !anti‘Jchhson (July 31 , 1989).

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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(5) To estab lish  "hat thé Beneficiation p ro cess  developed for 
Ita lian  No. 2 talc is  also applicable to the run -o f-m ine talc,

l

In addition to achieving the foregoing ob jectives, i t  was desirab le  that 
the finished talc product m eet the following specifications:

M oisture: Not m ore than 0. 15 p e r cent

Solubility in  HC1: Not m ore than 6 per cent

F ineness: Not le ss  than 99.7 per cent through a 100-m esh Tyler 
sieve and not le s s  than 98. 5 p e r cent through a 200- 
mesh^ sieve

M icroscopic Structure: P la te le ts , and no acicu lar or excessive
granu lar c ry s ta ls

Bulk D ensity: Not le ss  than 22 nor m ore than 27 pounds per 
cubic foot, when tested  by the Scott V olum eter.

In fu rther keeping with the standards of p roduction , i t  is desirab le  that 
the finished talc product have essen tia lly  the sam e w hiteness as that 
cu rren tly  being m arketed  by Johnson and Johnson.

The m ethods of beneficiation employed in  previous work w ere 
hydraulic cycLoning and flotation. It was estab lished  in  the e a r l ie r  investiga­
tions that hydraulic  cycloning alone not only re jec ted  objectionable dust­
form ing p a r tic le s , but also  im proved the platy"content of the talc. How­
e v e r , cycloning alone was not-sufficient to obtain the u ltim ate in  purity. 
F lo ta tion  proved to be effective fo r the rem oval of m ore nonplaty ta lc , . 
trem o lite , dolom ite, and other accesso ry  g ritty  and off-co lor m inerals.
The combined cyclone-flotation p ro cesses  developed fo r Ita lian  No. 2 talc 
w ere not effective in im proving the lu s te r , as judged by casual observa­
tions, although the m in era l p a rtic le s  w ere 98 to 99 per cent ta lc  p la tele ts .
If a product consisting of such h igh-purity  m inera l p a r tic le s  did not have 
an im proved lu s te r ,  then a method of com m inution, o ther than ro lle r  
m illing , might* affect favorably the «iorphology of the p la te le ts  and the. 
lu s te r . Wet ¿rid 'dry 'pebble m illing seem ed logical m ethods to try .

In addition to obtaining a ta lc  with an im proved lu s te r ,  ce rta in  
econom ic fac to rs  had to be considered. It was the Sponsor's d es ire  to 
rem ove from  talcum  powder Objectionable dust-form ing  p a rtic le s : p la tele ts  
o r o ther form s. Some experim ents indicated that p a r tic le s  finer than 10 or 
15 m icrons w ere easily  airbo rne and, th e re fo re , the ir rem oval should 
im prove the powder. Size*-distribution experim ents, how ever, showed 
that about 27 p e r  cent of the Ita lian  No. 2 type of talc was finer than 10 
m icrons and about 40 per cent of the weight was finer lhan about 14 m icrons, 
so that com plete re jec tion  of the potential d u s t, in the final an a ly sis , would

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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in c rease  the total cost of the raw  m a te ria l in  d ire c t proportion  to the 
am ount of re jec ted  weight. This does not include the operating cost of the 
c lassifica tion  p ro cess . B attelle believed that carefu lly  controlled wet- 
pebb le-m ill grinding m ight re su lt  in  a ground p roduct having le ss  of the 
objectionable fine sizes. Johnson and Johnson was asked to obtain Ita lian  
run-of-m ine {unground) ore sam p les , so that the problem s re la ted  to lu s te r  
and fine grinding might be investigated  in the laboratory .

SUMMARY ~ ITALIAN ROM TALC

Batch wet grinding in a  laboratory-pebble m ill produced fine-ground 
talc that had a  higher o rd er of lu s te r  than that obtained by dry  ro lle r  m illing 
o r  d ry  pebble m illing.

Batch w et pebble m illing resu lted  in  fa s te r  grinding of m inus 10-m esh 
talc through 200 m esh but produced m ore objectionable fine ta lc  in  the 
m inus 10-m icron sizes than batch dry  pebble m illing.

V ariab les that affect ra te s  of grinding w ere investigated. It was 
found that a  grinding tim e of le ss  than 11 m inutes and a  circu lating  load of 
m ore  than 336 p e r cent m ay be req u ired  to avoid overgrinding. L abora to ry  
experim ents w ere not successfu l in  obtaining a ground product containing 
le ss  than 35 p e r  cent of the weight finer than 10 m icrons. Data w ere 
obtained, how ever, that can be used to determ ine the approxim ate grinding 
tim e n ecessa ry  to obtain the d es ired  re su lts . This inform ation is  d iscussed  
with F igure 5 in the “G rinding" section of this report.

I t is  n ece ssa ry  to grind finer than 100 m esh , because a 100-m esh 
grind  yields products that a re  g r i t ty ,  although the high lu s te r is  rem arkab ly  
evident.

If die ROM ta lc  is  overground, that i s ,  contains m ore than about 40 
p e r cent of m inus 10-m icron  p a r tic le s , one stage of cyclone c lassifica tion  
m ay not be sufficient fo r sa tisfac to ry  rem oval of the fines. H ow ever, ROM 
talc  which has  not been overground responds sa tisfac to rily  to cyclone 
classification .

F lotation of w et-ground and c lass ified  ROM talc  was successful. 
B eneficiated products w ere obtained that w ere 97 to 99 p e r  cent p la ty  ta lc . 
The yield expected in  a continuous operation is  80 p e r cent of the weight of 
the flotation feed; this am ounts to 56 p e r cent of the o rig inal o re .

The beneficiated  talc was an im provem ent in all re sp ec ts  when 
com pared with the Johnson and Johnson specifications for the raw  m a te ria l 
cu rren tly  used in  the ir m arke ted  Baby Powder.

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 beneficiation process.developed for Ita lian  No-. 2 talc is  also 
sa tisfac to ry  fo r Italian; ROM talc "When the p ro p er crushing and grinding 
equipm ent a re  used.

■jF r . i ‘

SAMPLING. ANO MINERAL EVALUATION OF 
ITALIAN ROM TALC

Johnson and Johnson arranged  for a sam ple of co arse  run-of-m ine 
(ROM) Italian  ta lc  to be shipped to B attelle  for grinding and flotation 
ex p erim en ts , including lu ste r studies of the p roducts from  the experim ents. 
A pproxim ately 4,450 pounds of ROM ore  w ere rece ived  for this w ork in  
Ju ly , 1958.: . One bag containing 150 pounds of ta lc  was re se rv ed  for 
m iscellaneous purposes. The rem aining p o rtio n , containing some pieces 
up to 1-1/2  inches m aximum dim ension, was m ixed by coning and reduced 
in  ’quantity by riffling  to 268 pounds. The 268-pound sam ple w as ro ll 
crushed  through a 10-m esh Tyler screen  for feed m a te ria l in the grinding 
(pebble-m illing) experim ents.. .A sm all but rep resen ta tiv e  portion  of the 
m inus 10-m esh talc was ground in  a pebble m ill to p ass  through a 200-m esh 
T yler sc reen  and examined w ith a m icroscope.

R esults of the m icroscope analysis showed that the Italian  ROM talc 
was alm ost iden tica l to the Ita lian  No. 2 talc in m in era l com position. It 
contained about 90 per cent p laty  ta lc , 6 p e r  cent nonplaty calc, 2 p e r  cent 
dolom ite , and 2 p e r  c en t trem olite . The Ita lian  No. 2 ta lc contained about 
90 p e r  cent p la ty  ta lc , 6 per cent nonplaty ta lc , 3 p e r  cent dolom ite, and 
1 p e r cent trem olite .

Because o f the nearly  iden tica l m inera l com positions of the ROM talc 
and the Ita lian  No. 2 ta lc , i t  was im plied that beneficiation methods 
developed fo r Ita lian  No. 2 m a te ria l would probably  be ju s t as effective 
for the p ro cessin g  of ROM talc.

. EXPERIMENTAL WORK

Grinding

The objectives for grinding ROM talc w ere threefold:

(1) G rind the o re  through 200 m esh in  a m anner tha't would re su lt 
in  the production of le ss  minus 10-m icron talc than.that 

. - contained in  I ta lia n  No. 2 ta lc , o r-significantly  le s s  than 
about 27 p e r c e n t

B À T T E I .  L - B  M E M O - . R I A L  I N S T I T U T E
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(2) G rind Che o re  in  a m anner that would re s u lt  in a ground 
produce having a m ore prom inent lu s te r  than that obtain­
able from  Italian  No. 2 talc.

(3) D eterm ine the m oat expedient method of grinding to produce 
ground products suitable for subsequent c lassifica tion  and 
flotation experim ents in- the laboratory .

B ecause ta lc is  one of the so ftes t n a tu ra l m in e ra ls , one m ight expect 
tha t i t  would grind easily  and overgrinding would be difficult to avoid.

P re lim in a ry  experim ents on w et grinding minus 10-m eah  ta lc  through 
200 m esh indicated  that grinding of talc w as not so sim ple as  grinding the 
g ranu lar type of m inera ls .

The reaso n s a re  that (1)' ta lc  r e s is ts  grinding because of i ts  lubric ity  
ahd (2) the high specific su rface of libera ted  ta lc  p la te le ts  p e r unit of 
weight fixes the m axim um  grinding density of Che s lu rry  at about 45 per 
cent so lids. If "the s lu rry  density  is  inc reased  a few per cent beyond this 
po in t, i t  becom es a  sticky p a s te , which is  an im practicab le  condition íot 
grinding.

B ecause of the unusual grinding c h a ra c te ris tic s  of ta lc , specifically  
the Ita lian  type, i t  becam e n e c e ssa ry  to determ ine what conditions would 
b s  req u ired  to g rind  efficiently  and what v a riab les  have the m ost influence 
on the d es ired  re su lts .

A p rogram  for grinding experim ents was estab lished  to investigate 
the influence of ce rta in  v a riab les  on (he efficiency in producing minus 
200-m esh talc. The v ariab les  investigated  w ere:

(1) E ffect of weight of ta lc charged to pebble m ill in  w et and 
d ry  grinding '

(2) E ffect of grinding-m edia weight

(3) E ffec t of grinding time

(4) E ffect of pulp density

(5) E ffect of pebble s ise .

The pebble m ill used for these experim en ts is  m ads of p o rce la in  with 
inside dim ensions of 7 - 1 /2-inch d iam eter and 7 -1 /4  inches long. I t  was 
ro ta ted  a t 70 rpm .

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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E ffec t of W eight of T alc Charged to Pebble M ill in  
Wet and D ry  Grinding

F igu re  1 shows Che effect of fee weight of ta lc  charged to the pebble 
m ill on the p e r  cent of ta lc  reduced to m inus ZOO m esh.

T here a re  two prom inent c h a ra c te ris tic s  evident from  the data 
p lotted  in  F igure  1.

* i ’
(1) Wet grinding is  m ore effective than d ry  grinding in  reducing 

the p artic le  size  of talc to finer than 200 m esh.

(2) The percentage of talc reduced to 200 m esh  and finer d ec rease s  . 
a t a constant ra te  with an in c rease  in  the amount of talc charged 
to fee pebble milL

The data show th a t, wife a charge of 120 g ram s of ta lc , which is  about 
24 p e r  cent of the nom inal m ill capacity , about 91 p e r  cent of the charge 
w as reduced to 200 m esh  in>a grinding tim e of 60 m inutes. If, how ever, 
the charge is  in c reased  to 240 g ra m s , o r about 48 p e r  cen t of capacity , fee 
am ount of ta lc  feat is  reduced  .to 200 m esh is  about 73 p e r  cent. F inally , 
if  fee talc charge is  in c reased  to 500. g ram s, a 60-m inute grind w ill reduce 
35 p e r  cent of the charge to 200 m esh.

D ry-grinding  .ch arac te ris tics  a re  s im ila r to w et-grinding ch a ra c te r­
is t ic s  wife re sp e c t to ra te  of change in  grinding wife in c reased  loading. 
H ow ever, when a 120-gram  charge of talc was wet ground for 60 m inu tes, 
about 91 p e r  cen t'o f fee s lu r ry  w as finer than 200 m esh. A fter d ry  
grinding fee sam e weight of charge , only about 71 p e r cent of fee resu lting  
powder w as finer than 200 m esh.

The data plotted in  F ig u re  1 do not im m ediately  re v e a l a ll  of fee 
facts. A ctually , fee am ount of m inus 200-m esh m a te r ia l produced 
reached  a peak when a  charge of 400 g ram s was w et ground or d ry  ground. 
The following tabulation of grinding data il lu s tra te s  th is  point.

Weight of -  10 M esh 
Talc C harge , g ram s '

P e r  Cent of Charge 
Ground F in er Than 

200 M esh

T o ta l Weight of Charge 
G round F in e r Than 

200 M esh, g ram s
Wgt S n Wet D ry Wet - P a r .

120 120 90.6 70.5 108. 7 84.6
240 240 73.0 59.0 175. 2 141. 6
400 •400 < 52.7 ■ 42.0 210. 8 168.0
500 500 39.0 32.0 195.0 160. 0

s  a  t .t ' e  L l e  M e m o  r ..i a u  i n s t i t u t e
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E ffect of G rinding-M edia Weight

F igure  2 show« the effect of the weight o r volum e of grinding m edia 
on the p e r  cent of talc reduced to m inus 200 m esh. The curve shows that, 
as the w eight of grinding m edia was inc reased  from  2. 5 k ilo g ram s, or 
about 31 p e r  cent of the m ill volum e, to 5 .0  k ilo g ram s, or about 62. 5 per 
cent of the m ill volum e, the am ount of talc that was reduced  to 200 m esh 
w as in c reased  from  70 p e r  cent to about 95 p e r  cent. The in c re a sed  ra te  
of grinding is  pronounced as  the am ount of grinding m edia is  in c reased  up 
to 50 p e r  cent of the m ill volum e. Increasing  the grinding m edia in  excess 
of 50 p e r cent of the m ill volume resu lted  in  sm all in c re a se s  in  producing 
additional am ounts .of m inus 200-m e eh ta lc . F u rth e rm o re , i t  i s  not 
possib le  to have m ore than 50 p e r cent of the m ill volume occupied by 
grinding m edia in  a continuous operation.

E ffect of Grinding Tim e

The next s e r ie s  of experim ents w ere m ads to determ ine' the effect of 
grinding tim e on the am ount of talc reduced to 200 m esh. These experim ents 
w ere  made by w et and d ry  grinding 120-gram  charges of m inus 10-m esh 
ta lc  over a  Tange of 15 to 90 m inutes.

The data obtained from  these experim ents a re  p lo tted  in  F igure 3 and 
show th a t, a s  (he w et-grinding tim e is  in c reased  from  15 to 60 m inu tes, toe 
am ount of talc reduced  to 200 m esh  is  in c reased  from  50 to 90 p e r  cent. 
G rinding in  excese  of 60 m inutes resu lted  in  bnly m inor in c re a se s  in  toe 
am ount of m inus 200-m esh talc produced and appears im p rac tica l. F igure 
3 also shows (hat w et grinding is  m o rs  effective than d ry  grinding. Although 
the w et- and dry-grind ing  cu rves tend to p a ra lle l each o th e r , w et grinding 
produced from  15 to 30 p e r cent m ore  200-m esh m a te r ia l fo r any given 
grinding period .

E ffe c t-of Palp D ensity

P rev ious experim ents estab lished  tha t, when a  la rg e  percentage of toe 
ta lc  i t  ground fin e r than 200 m esh , pulp densities n ear or in  excess of 45 
p e r  cent so lids re su lte d  in  a  p a s ty , nonfluid m ass . E xperim en ts w ere made 
on grinding 120 g ram s of m inus 10-m esh talc charges a t  30, 35, 40, and 45 
p e r  cent solids. The resu ltin g  dabs a re  p lo tted  in  F ig u re  4 and show a 
g radual in c rease  in  grinding efficiency as toe p e r  cent so lid s  of toe s lu rry  is 
in c re a sed  from  30 to 45 p e r c e n t  A t 30 p e r  cent so lid s , about 72.p e r  cent 
of the talc wae ground through 200 m esh , and a t  45 per cent solids the 
ground product w as about 91 p a r cent m inus 200 m esh.

•  A T T t L L l  M E M O R I A L  I N S T I T U T E
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' FIGURE 3. THE E F F E C T  OF GRINDING TIME ON THE P E R  CENT OF 
TALC REDUCED  TO MINUS 200 MESH
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E ffec t of Pebble Size

This p a r t  of the investigation was lim ited  to pebble s izes of 0 .75-inch 
d iam ete r j 1. 5 -inch  d ia m e te r , and a m ix ture of the two. E xperim ents w ere 
m ade using 120 g ram s of minus 10-m esh talc charges ad justed  with w ater 
to 45 p e r cen t solids and ground for 60 m inutes.

The following tabulation gives the data obtained from  this work:

Size of P eb b le s , Weight of P eb b le s , Minus 200-M esh Talc
inches kilogram s P roduced , weight
0 .75 4 .0 90.6

0 .75  and 1. 50(*) 4 .0 88. 5
1. 50 4 .0 86.8

(•) About SO per cent of each ilee.

These data show that sm all-d iam eter pebbles w ill g rind  m ore talc 
through 200 m esh  than la rg e -d iam e te r pebbles in  a  given length of time. 
F o u r k ilogram s of 0. 75 -inch pebbles reduced 90.6  p e r cent of the 120- 
g ram  talc charge through 200 m esh. The sam e weight of 1. 5-inch pebbles 
reduced  86. 8 p e r  cent of the charge through 200 m esh.

Effect of Grinding Time on Production of 
Minus 10-Micron Particles

In the foregoing d iscussion  about the various fac to rs  involved in  
g rind ing , no effo rt w as made to determ ine the am ount of minus 10-m icron 
ta lc  produced. This w as p a rtly  because optimum grinding conditions w ere 
not known and a lso  because i t  was planned to combine the m ost effective 
grinding conditions and run a  s e r ie s  of experim en ts , using time as  the only 
v a ria b le , and obtain m ore com plete s ize -d istrib u tio n  data. The following 
grinding conditions w ere  selec ted  as desirab le :

Weight of Pebble Charge 
Size of P ebb les 
Weight of Talc to Be Ground 
Solids Content of S lu rry

4. 0 k ilogram s 
0. 75 inch 
120 gram s 
40 p e r  cent

The e ssen tia ls  of the experim ental p rocedure consisted  of grinding 
a  charge fo r 15, 50, 45, and 60 m inutes. At the end of each tim e period , 
the en tire  charge was rem oved from  the pebble m ill and w ashed off die 
pebbles. The ground s lu rry  was screened  on a  200-m esh  T yler sieve and 
the minus 200-m esh  po rtion  was trea ted  by sedim entation to rem ove the 
m inus 10-m icron  p a r tic le s . (Minus 1.0-micron sedim entation tim e was 
based  on the ra te  of settling  of 10-m icron q u artz  p a r tic le s .)  The th ree sized 
p ro d u c ts , p lus 200 m e sh , minus 200 m esh  plus 10 m ic ro n s , and minus 10 
m ic ro n s , w ere d ried  and weighed. The resu lting  data a re  p lo tted  in

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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F igure  5. The three curves shown in  the £Lgure p erm it determ ination of the 
am ount of a n /  of the th ree  size ranges p re s e n t in  the ground ta lc  a t any 
given tim e.

It is  in teresting  to note th a t, a fte r a: 60-m inute g rin d , only about 11 
p e r  cent of the talc was co a rse r than 200 m esh , 42 per cent was in  the 
d es ired  size  range of minus 200 m esh  plus 10 m ic ro n s , and about 44 p e r  
cent was finer than 10 m icrons. One of the grinding objectives w as to p ro ­
duce le s s  than about 27 p e r  cent of m inus 10-m icron p a r tic le s  and, since 
a  60-m inute grind produced 44 p e i  cen t, the tim e of grinding -was much 
too long. If some sh o rte r tim e of g rind  is  se lec ted , say  15 m inutes o r 11 
m in u tes , the d esired  re su lts  a re  alm ost obtained. T ab le .1 shows the weight 
d is tribu tions of the ground productii'iit the end of 15 m inutes and of 11 
m inutes.

r:i'
TABLE 1. DISTRIBUTION OE-SIZES AFTER 15- AND 11-MINUTE 

WET-GRINDING PERIODS .OF ROM ITALIAN TALC

,* * ♦ •* 

Sized P ro d u c t

!
D istribu tion

Weight P e r  Cent of 
Total P roduct

Weight P e r  Cent 
A fter R em oval of 
P lus 200-M esh 

F rac tio n
15 M in .11 Min 15 Min 11 Min

-I- 200 m esh 48 58 0 .0 0. 0
- 200 m esh  + 10 m icron 36 30 ' 69 /2 71. 5
-10 m icron 16. 12 30. 8 28.5
Total 100 io.o 100.0 100.0

The data given in  Table 1 show that 11 m inutes should give about the 
sam e grind  as  tha^-found in  Ita lian  No. 2 tele. That i s  to say , a fte r 
rem oval of the plus 200 m esh  (which in  norm al operation would be re tu rned  
to the pebble m ill for fu rther grinding), the minus 200-m esh ta lc  contained 
28. 5 p e r cent of m inus 10-m icron  p a r tic le s , com pared with about 27 per 
cent in  I ta lian  No. 1. A s till sh o rte r tim e of grind  appears  n e c e ssa ry , and 
calculations fo r a  6 -m inute grind  show that the minus 200-m esh ta lc  would 
contain about 25 p e r  cent of m inus 10-m icron  p a rtic le s .

As the tim e of g rind  is  d e c re a se d , the amount of p lus 200-m esh talc 
to be reground is  in c reased  an d , in  a  continuous operation., would in c re a se  
the circulating load. It is-com m on com m ercia l p rac tice  to use la rge  
circu lating  loads to m inim ize overgrinding.

‘B A T f 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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Grinding Time,-minutes • ■ a-34123

FIGURE 5. THE EFFECT OF GRINDING TIME ON THE 
PER CENT OF MINUS 200-MESH PLUS - 
10-MICRON AND MINUS 10-MICRON 
TALC PRODUCED
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The data given in  Table 1 and F igure 5 m u it  be used as a guide only, 
but should be usefu l for making reasonab le estim ates fo r grinding p erfo rm ­
ance and trends.

Grinding studies w ere c a rr ie d  a  step fu rther a t a la te r  date (after a 
num ber of flo tation tests  had been made) but a re  d iscussed  here  for 

, conform ity.

Sim ulated C losed-C ircu it Grinding

Investigations w ere made on w et grinding tha t sim ulated continuous 
c lo sed -c ircu it grinding, although actually  consisting of batch g rinds of 
sh o rt duration. A circulating load consisting of the unground plus 200 m esh  
was re tu rn ed  to the m ill for fu r th e r  grinding, as is  common in  continuous- 
grinding p rac tice .'

The e s se n tia l p a r ts  of the p rocedure  w ere to add a given weight of 
charge to the pebble m ill, grind  fo r a specified tim e, and sc reen  the ground 
p roduct on a 200-m esh sieve. The plus 200-m esh portion w as re tu rned  to 
the m ill 'a s  a  circulating load and a  new am ount of minus 10-m esh feed, 
equivalent in  w eight to Che minus 200 m esh produced, was-added to the 
pebble m ill. T h is was repeated  sev e ra l tim es , until the m ill charge came 
to equilibrium  o r ,  in  other w o rd s, until the am ount of m inus 200 m esh 
produced from  each  grind was about the sam e weight a s  in  the preceding 
grind. The foregoing p rocedure was followed fo r grinding periods of 15 
m inutes on a 120-gram  talc charge and H  m inutes on a  240-gram  charge. 
The ground products w ere separated  a t 200 m esh  and 10 m icrons in  the 
u sual m an n er, by screening and sedim entation. The re su lts  obtained a re  
given in Table 2.

Table 2 shows two separate  se ts  of grinding conditions and the . 
resu lting  d istribu tion  of s izes  in  the ground products. A fter a 120-gram  
charge w as ground for 15 m in u tes , the resu lting  s lu r ry  contained 18 per 
cent of the w eight in  p a rtic le s  finer than 10 m icrons. Only 29. 9 p e r  cent 
of the talc was in  the d esired  p a r tic le -s iz e  range of m inus 200 m esh  plus 10 
m icrons. About 52 p e r  cexit of the ground product was re tu rned  to the 
pebble m ill a s  a c irculating load. A fter the plus 200-m esh portion  was 
screened  o u t, the minus 200-m esh s lu rry  contained 37. 5 per cent of the 
weight finer than 10 m icrons. This was considered as overgrinding , 
because one of the objectives was to grind in  a m anner that would re su lt in  
le ss  than 27 p e r  cent of the w eight f in er than 10 m icrons.-

In o rd e r  to overcom e the excessive overgrinding , an experim ent was 
made tha t would in c rease  the circu lating  load substantially . The amount of 
talc in itia lly  charged to the m ill was in c reased  to 240 g ram s and the 
grinding tim e w as shortened to 11 m inutes. The size d istribu tion  of the 
ground p roduct fo r the 11-m inute grinding period  shows that 8. 0 p e r cent of

. 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 weight was fin er than 10 m icrons. At f i r s t  g lance, i t  m igh t appear 
tha t the objective had been accom plished. H owever, a fte r  rem oval of the 
plus 200-meBh portion  of (he ground product* the m inus 200-m esh m a te ria l 
contained 35 p e r cent of the weight f in er than 10 m icrons. So i t  is  noted 
that* although the circulating load was in c reased  from  108. 7 p e r  cen t for 
the 15-minute g rind  to 336. 3 p e r  cent for the 11-minute g rin d , and with a 
doubled charg e , the net re su lt is  a  reduction  of minus 10-m icron talc from  
37. 5 p e r .cent to 35 p e r cent, The reason  for such a  sligh t change in  the 
am ount of 10-m icron m a te ria l produced is  not fully understood, h i o rd er 
to a rr iv e  a t the objective of producing le ss  than 27 p e r cent of m inus 10- 
m icro n  ta lc  in  the minus 200-me ah p roduct, m ore variab les  would have 
to be investigated , such as sh o rte r  grinding tim e, la rg e r  o r m ixed 
d iam eter pebb les, coaTser size talc as p sb b le -m ill feed , and perhaps 
in c reased  dilution.

I t w as fe lt tha t grinding ch a ra c te ris tic s  on a continuous b a s is ,  with 
c o a rs e r  o re  feed , la rg e r  d iam ete r pebb les, and continuous c lassifica tion , 
would a ll favor reaching the size**distribution objective; th e re fo re , the 
lab o ra to ry  grinding prograti} w as term inated .

A nother objective of pebble m illing was to obtain a  p roduct with a 
noticeably h igher lu s te r  than that exhibited by the Italian  No. 2 ta lc , 
which had been dry  ground in  a Raymond,- type ro lle r  m ill. The f i r s t  w et­
grinding experim ent in  the pebble m ill  was successfu l in  this respect. In 
fa c t, a ll w et-grinding experim ents gave ground products having a 
re la tiv e ly  high lu s te r.

The next step  in  the investigation involved the separation  of the 
m inus 10-m icron talc from  the m inus 200-m esh ground product,

Hydraulic Classification of Pebble-Mill Product

P a r tic le -s iz e  c lassifica tion  of the peb b le -m ill p roduct fo r rem oval 
of'm inus 10-m icron p a rtic le s  w as n ecessa ry  in  o rd er to p re p a re  a 
sa tisfac to ry  flo tation feed and a t the sam e tim e to rem ove po ten tial dust- 
form ing m inera ls .

The ground o re  from  the pebble m ill was screened  on a  200-m esh 
T y ler sieve for rem oval of objectionable overs ize  talc. The m inus 200- 
m esh  portion  w as adjusted with w ater to 5 p e r  cent solids by weight and 
cycloned in  a  30 -m m -d iam eter g la ss  cyclone.

A com plete descrip tion  of the cyclone p ro c e ss  and of various 
experim ents on the c lassifica tion  of Ita lian  No. 2 talc has been reported*  to 
Johnson and Johnson. In that re p o r t ,  a cycloning procedure w as described

•Brown, W. E., “Th« Ptiytlcal Concentratoli of Tile Or« -  Flotation of Italian No. 2. Talc", Bauelle
Progress Report to  Johnson and'Johnson (July 3 Ì, IM S).
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and was considered  an acceptable method for rem oval of objec&ohable fine 
p a r tic le s . T here was no reason  to believe that a  change in  c lassification  
p rocedure  was necessary . If the classification  of the ROM ground talc 
w ere  sa tis fac to ry , using the sam e p rocedu re , i t  would aid in  establishing 
tha t the c lassifica tion  p a r t  of. the beneficiation p ro cess  w as applicable to 
both the Ita lian  No. 2 and ROM talcs.

The pebb le-m ill w et-ground p roducts , as rep o rted  in  Table 3, w ere 
sc reen ed  on 200 m esh and the minus 200-m esh portions w ere hydraulically  
cycloned fo r elim ination of as much of the minus 10-m icron p a rtic le s  as 
w as p rac ticab le  in  one stage of c lassification .

In d iscussing  the rem oval of minus 10-m icron p a r tic le s , i t  is  
n e c e ssa ry  to qualify the purpose and the re su lts . A preponderance of 
m inus 10-m icron  p a rtic le s  in  a flotation ffced c rea te s  a  voluminous froth 
tha t not only is  difficult to b reak  down, but also traps the undesirable 
m in era ls . Rem oval of m inus 10-m icron p a rtic le s  is  fu rther desirab le  
because of the ir dusting potential. H ow ever, i t  i s  not n ece ssa ry  to rem ove 
a ll of the m inus 10-m icron p a rtic le s  to obtain a sa tisfac to ry  fro th , nor is  it  
n e c e ssa ry  to rem ove a ll of such p a rtic le s  to elim inate excessive  dusting. 
P e rh ap s  to ta l dusting tendency never can be e lim inated , because p a rtic le s  
la rg e r  than 10 m icrons w ill be a irbo rne  occasionally. A com prom ise was 
accepted when a product was obtained that would contain about 10 to 12 
p e r  cent of m inus 10-m icron p a rtic le s . F ina lly , it  would be econom ically 
im p ra c tic a l to achieve absolute 10-m ic ro n -p a rtic le  re jec tio n , and i t  m ay 
even be m echanically  im possible.

T herefore ,, in  d iscussions of th is n a tu re , "rem oval of m inus 10- 
m icron  p a r t ic le s " ,  the meaning is  that the p roduct is  trea ted  in  a m anner 
font re su lts  in  som ething le ss  than about 10 to 12 p e r  cent of the weight 
finer than 10 m icrons.

The cyclone classifica tion  of the ground products was tr ied  with a 
feed p re s su re  of 14. 7 p s i applied to the 15-m inute-ground product and 14. 7 
and 23.0 p s i applied to the 11-m inute-ground product. The re su lts  of 
c lass ifica tion  of these experim ents a rs  given in  Table 3.

Table 3 shows tha t,'w hen  a  15-minute pebble-m illed  product was 
cycloned a t 14. 7 -p s i in le t p re s s u re , an excessive am ount, 48. 5 p e r  cen t, of 
the feed weight w as re je c ted  in  the cyclone overflow. Sedim entation 
analysis showed that 42 p e r cent of the weight of the overflow product was 
of p a r tic le s  la rg e r  than 10 m icrons. T h ere fo re , 32. 6 p e r  cent of a ll the 
plus 10-m icron talc in  the cyclone feed w as lo s t o r re je c ted  in  the cyclone 
overflow.

When the p roduct of an 11-minute grind  w as cycloned a t 14. 7 -psi 
in le t p re s s u re ,  the amount of cyclone overflow  dropped to 36. 7 p e r cent 
and contained 31. 9 p e r  cent by weight of plus 10-m icron  m a te ria l.

B A T T E L  L C  M E M O R I A L  I N S T I T U T E
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TABLE 3. DISTRIBUTION OF WEIGHT AND PARTICLE SIZE O F HYDRAULICALLY CLASSIFIED 
(CYCLONED) MINUS 200-MESH PEB B LE -M IL LED  PRODUCTS

a
>
H
H
PI

O perating Conditions:
Cyclone D ia m e te r , nun.
F eed  In le t D ia m e te r , m m  
Overflow V ortex  D iam ete r ,  m m  
Underflow A pex D ia m e te r , mm 
F eed  Solids C on ten t, p e r  cen t 
F eed  Volume R a te , gpm  

At 14.7 p si

30
6

11
5 .5

5

2 .7
PI

:
pi
z
o

A t 23. 0 p si 3 .3

G rinding 
T im e , m in

Cyclone Weight 
P ro d u c t P e r  Cent

W eight P e r  
C ent in  
P ro d u c t.

-10jU +10jU

D is trib u tio n  
P e r  C en t in  

P ro d u c t 
-10*i ' +10*i R e m a rk s20 15 F eed 100.0 3 7 .5 6 2 .5 100. 0 100. 0 F e e d  p r e s s u r e  14. 7 p s i

> Overflow 40.5 58 .0 42 .0 75. 0 32.6
r Underflow 51. 5 18 .2 81. 8 25. 0 6 7 .4

T o ta l 100.0 37 .5 62. 5 100. 0 100.0

z_ 11 F eed 100.0 35 .0 6 5 .0 100. 0 100.0 F e e d  p r e s s u r e  14. 7 p s i
Overflow 36.7 68. 1 31. 9 7 1 .4 18.0
Underflow 63. 3 15 .8 84. 2 28. 6 82 .0

-i
c T otal 100.0 35 .0 65. 0 100. 0 100. 0
H
PI 11 F eed 100. 0 36. 2 6 3 .8 ' TOO. 0 100. 0 F e e d  p r e s s u r e  23. 0 p s i

Overflow 36. 7 75 .1 24 .9 76. 2 14. 3 •
Underflow 63. 3 13.6 86. 4 23. 8 85. 7

T o tal ■ 100.0 36. 2 63. 8 100. 0 100. 0 *
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T herefore* the amount of plus 10-micron, p a rtic le s  lo s t to the overflow ia 
reduced from  32. 6 p e r cent in  the 15-minute grind to 18 p e r cent in  the 
11-m inute grind.

F u rth e r  reduction in  lo ss  of p ins 10-m icron p a rtic le s  was achieved 
by increasing  the cyclone feed p re s su re  to 23 psi; a t this p re s s u re ,  14. 3 
p e r  cent'by weight of the plus 10-m icron p a rtic le s  was lost.

Although the foregoing d iscussion  p e rta in s  to recovery  o r  d is tribu tion  
of the p lus 10-m icron p a r tic le s , i t  is  equally im portan t to know how effective 
was the re jec tio n  of the potential dust, o r minus 10-m icron p a rtic le s .
Table 3 'shows that the h ighest re jec tion  of m inus 10-m icron p a rtic le s  to 
the cyclone overflow waa obtained from  the cydoning of an 11-m inute 
pebble-m ill-g round  product a t 23-psi cyclone feed p re s su re . The cyclone 
overflow contained 76. 2 p e r  cent of a ll the m inus 10-m icron p a rtic le s  
contained in  the cyclone feed. Although 23. 8 p e r cent of a ll' the minus 
10-m icron  p a r tic le s  w ere in  the cyclone underflow , this w as offset by the 
high recovery  of Che plus 10-m icron p a rtic le s . As a re s u lt ,  the cyclone ■ 
underflow rep resen ting  63, 3 p e r  cent of the feed weight contained only 
13. 6 per- cent of minus 10-m icron p a rtic le s .

The sum m ary  of this work is:

(1) C lassification  for 10-m icro n -p a rtic le  separation  was m ore 
effective on the sh o rte r g rind , tha t i s ,  11 m inutes.

(2) C lassification  for 10 -m icron-partic le  separation  was m ore 
effic ient when the feed p re s su re  was in c reased  from  14. 7 to 
23.0 p s i. This, is  true  fox both the b ee t recovery  of p lus 
10-m icron p a rtic le s  and h ighest re jec tio n  of the m inus 10- 
m icro n  p a rtic le s .

Although the  data indicate th a t cyclone feed  p re s su re s  in  excess of 
23 p s i m ight re s u lt  in  s til l  h igher efficiencies of sép ara tio n , it  is probable 
tha t with h igher p re ssu re s  the weight per cent of the overflow product m ay _ 
in c rease . s -

Another po in t worthy of m ention is  that 14. 3 p e r cent of the o rig inal 
plus 10-m icron p a r tic le s  a re  lo s t to the cyclone overflow. If this cyclone 
overflow w ere to  be trea ted  in  a second stage o f cyclones, some of the 
plus 10-m icron frac tion  would be recoverab le . The am ount recoverab le , 
without including an undesirab le am ount of m inus 10-m icro n -p artic le  
w eight, probably  would not exceed 85. 7 p e r  cent o f 14. 3 p e r cent, o r 12. 3 
p e r  cent. It ce rta in ly  should not be le s s  than 6 p e r cent. A ssum ing that 
60 p e r  cent of the flotation-feed weight is  reco v e red , the potential o v e r-a ll 
in c rease  is  from  about 4 to 7 p e r cent of the o rig inal weight of the talc.

B A T T Ç L -L ..E  M E M O R I A L  I N S T I T U T E

Protected Document—Subject to Protective Order JNJAZH_OOOOOOS21



¿ 1

Flotation

M icroscope exam ination of the ROM-head sam ple revealed  that the o re 
was m ineralog ically  the sam e as Ita lian  No. 2 ta lc. B ecause of thè 
s im ila rity  of the two sam ples, i t  was believed that the beneficiation 
p ro ced u res  of c lassifica tion  at about 10 m icrons followed by flotation of the 
p lus 10-m icron product (cyclone underflow) would be effective when the 
sam e flotation conditions w ere applied.

G enerally , the flotation conditioni that had given good re su lts  with 
Ita lian  No. 2 ta lc w ere pulp densities  in  the range of 5 to 10 per cent 
so lid s , and hydrochloric acid and JDowfroth 200 or 250 as reagen ts. 
H ydrochloric ac id  was used both to n eu tra lise  the s lu rry  and as an aid in  
the depression  of fin e -s ise  p a r tic le s . JDowfroth 200 or 250 w as selected  as 
the ta lc  fro th e r-co llec to r because i t  is  to tally  w ater soluble, req u ire s  a 
minim um  of conditioning tim e , and has no collecting p ro p ertie s  fo r other 
than the natura l-floating-type m in era ls . Some of die advantages of the 
Dowfroths a re  that they do not leave any re s id u a l odor o r d isco loration  on 
d ried  m inera l p ro d u c ts , nor do they chem ically attack  m eta l o r rubber to 
any significant degree.

Experiment« were made on the talc wet-ground through 100 mesh 
and web* and dry-ground through 200 m esh. The ground products w ere 
cycloned, and the cyclone underflow constituted the flotation feed.

F lotation of W et-Ground Minus 100-Mesh ROM T alc

The f i r s t  flotation experim ent on ROM talc was made on a sam ple that 
had been w et ground through 100 m esh  and cyclone classified  for rem oval 
of fine a.

The 100-m esh g rind , as a possib le maximum size lim it, was m ade 
for the following reasons:.

(1) C oarse  p la te le ts  probably  would exhibit a higher lu s te r  than 
fine p la te le ts .

(2) A 100-m esh grind  is  substan tially  le ss  expensive than a finer 
grind.

(3) A 100-m esh grind  p roduces le s s  fines to be re jec ted  than a 
fin er g rin d , and consequently the o v e r-a ll yield o r recovery  
would be g rea te r.

(4) I t  was de s ir  dale to know w hether the fro th  p roduct from  
a 100-m esh  grind  would'be g r it ty , even though p la ty  in 
s tru c tu re ,

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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TABLE 4. FLOTATION RESULTS OBTAINED FROM  ROM TALC WET-GROUND THROUGH 100 MESH

> ' ' \

-4
P!
r  , 
r
f*i

P ro d u c t
Weight 

P e r  C en t
M inera l Count, p e r  cent

R eag en ts  A dded,
' lb/ton-, of flo ta tion  

-  .-feed
F e e d , 

p e r  cen t 
so lid sP la ty Nonplaty D olom ite T rem o li tie HC1 D ow froth 200

2
m

*
T e s t  88

s :
o F loat-1  : $6. 1 96 3 . <1 <1 1. 42 0. 05 9. 3
n. F lo a t-  2 ■ 22. 9 95 4 <1 <1 0 0. 21 ■ '---

• Underflow 11.0 55 26 16 3
r , Total 100.0 91 6 2-3 1-2 1. 42 0. 26 '

T e s t  89

« F lo a t -1 60. 2 97 2 <1 <1 0. 0 0. 05 10. 0-4 F lo a t-2 20.5 Not evaluated 0. 0 0. 21 —
H Underflow 19.3 Not evaluated __ - - —
C
H Total 100. 0 0 .0 0. 26

Mote: Flotation feed was cyclone underflow, which represented 83.0  per cent o f the weight o f th e  orig inal ground sam ple.
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T ests  88 and 89 w ere dup lica tes, pjccept that hydrochloric acid was. 
used in  T est 88 and no acid was used in  T e s t 89. Table 4 shows the 
experim en tal conditions and the re su lts .

The re su lts  given in  Table 4 a re  not p a rticu la rly  encouraging, 
because ne ither experim ent yielded a F lo a t- 1 product containing m ore th a n  
97 p e r  cent platy talc. The F lo a t-1 product of T es t 88 contained 96 per 
cent p la ty  talc and F lo a t-1 of T es t 89 contained 97 p e r cent p la ty  talc. The 
difference between 96 and 97 p e r  cent is  not considered sign ifican t, and the 
two te s ts  can be considered to yield the sam e quality of F lo a t-1 product. 
H ow ever, th e re  was a m arked  difference in  the amount of weight recovered  
in  the F lo a t-1 products. In  T e s t 88, 1. 42 pounds of HC1 p e r ton w ere used , 
and the F lo a t-1 product rep resen ted  66. 1 per cent of the flotation feed 
w eight. When no acid was used , as in T e s t 89, &e weight p e r  cent of 
F lo a t-1 was 60.' 2 p e r cent. P r io r  experience with Italian  No. 2 ta lc  ‘ 
im plied  that the re v e rse  condition would re su lt. That i s ,  h igher reco v e rie s  
usually  re s u lt  when no acid  is  u sed , although the p laty  content m ight 
decrease , slightly. I t  would not be safe to ca ll these te s ts  conclusive as 
long as  this anomaly is  not confirm ed.

Both F lo a t-1 products had a high lu s te r  but fe lt gritty .

The F lo a t -1 product of T es t 88 was screened  on 150- and 200-m esh 
T yler s ie v e s , and the separa ted  fractions w ere examined by m icroscope. 
The re su lts  afce given in  Table 8.

TA BU : 5. PROPERTIES OF FL O A T -1 PRODUCT FROM MINUS 
100-MESH WET-GROUND TALC

S ise ,
T yler M esh

Weight 
P e r  Cent

P la ty  T ale , 
p e r  cent R em arks

-100+150 10. 1 .99 High lu s te r ,  g ritty
-150+200 23.1 98-99 High lu s te r ,  g ritty  •
-200 66 .8 ___ High lu s te r ,  good slip

T otal 100,0 96 High lu s te r ,  g ritty

Table 5 shows that the p lus 200-m esh p a rtic le s  w ere 98 to 99 p e r 
cent p la ty  ta lc , w hereas the m inus 200-m esh p a rtic le s  w ere only 95 per 
cent p laty  ta lc. Although the p lus 200-m esh talc was of high p u rity , the 
thickne.se of the p la te le ts  produced a  g ritty  tex ture. The m inus 200-m esh  
po rtion , though only 98 p e r  cent platy ta lc , had both a high lu s te r  and a 
good slip.

m  . 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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' I t i s  probable thali ¿he p ie ty  c'ontentof the F lo a t-1 p roducts from  a 
100-m esh grind  dould'be im p ro v ed ,'b u t, because o f  the objectionable g ritty  
na tu re  of the pow der, i t  was decided to investigate  the re su lts  obtainable 
from  the conventional 200-m esh grind.'• i i ■ ' i  : .

. « ■ • '■
F lo ta tion  of D ry*Ground Midas 200-Mesh ROM Talc

E xperim ents w ere mfcde on ROM talc that had been w et-ground and 
d ry-ground  through 200 m esh 'in  a  pebble m ill. The ground products w ere 
cycloned for rem oval of the ex trem e f in e s , and the cyclone-underflow  
products w ire  floated in  the usual m anner.

T hree experim ents Were made-on dry-ground talc and the re su lts  are  
given in  Table 6. *■

The re su lts  given*in-Table 61 show that 97 p e r cent platy ta lc  was 
obtained in  the F loat- 1 product of each 'test.- Test*' 131 and 132 w ere made 
in  an iden tica l m anner and, although the F loat-.1 products both contained 
97 p e r  cent p la ty  ta lc , there  was a  noticeable difference in  the weights 
recovered . T e s t 131, F lo a t- ! ,  contained ¿8. 7 p e r  cent of the flotation 
feed w eight, but T est 132, F lo a t-1, contained only ¿3. 5 p e r  cent of the 
flo tation feed w eight. T here is  no obvious explanation fo r this difference 
in  weight reco v e rie s . I t  i s  noticed, how ever, that the w eight recovered  
in  the F lo a t-1 com bined w ith the F lo a t-2 is  about the sam e , 91 to 92 per 
cen t, in  each of the th ree te sts .

When the F lo a t -1 products w ere exam ined under the m icroscope , it 
w as found that some of the p la te le t su rfaces w ere p itted . The am ount of 
p itted  p la te le ts  reporting  to .the F lo a t-1 product w as about 2 p e r cen t, o r 
95 p e r  cent no rm al p la te le ts  p lus 2 p e r cent p itted  p la te le ts . This pitting 
o r pockm arking was not noticed again e ith e r in  the Ita lian  No. 2 ta lc o r in  
the sub sequent'ROM  w et-pebble-m illed  flotation p roducts , and apparently  
is  a  c h a ra c te r is tic  o'f dry-pebble m illing.

Flotation^of .W et-Ground Minus 200-M esh ROM Talc
• i. •

F lo tation  tea ts  w ere made on w et-ground p ro d u c ts , a fte r cycloning 
for re jection  of f in es , to investigate the effedt of acid streng th  and fro ther 

.types on the F lo a t -1 products. <■

E ffect of HCL oA R ecovery and Q uality. The effect of HCL on the 
flotation of Italian-Ncr; 2 talc w as d iscussed  b rie fly  in the F i r s t  P ro g re s s  
R epo rt and in  som e d e ta il in  the Second P ro g re s s  R eport on "The Physical 
C oncentration of T alc O res". In the Second P ro g re s s  R ep o rt, of July 31, 
1959, it  was s ta ted  in the "Sum m ary" th a t, "H ydrochloric acid  added in  the

I A T T Í L U '  M-’a-'W o ' R Í 'A L I N S T I T U T E
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TABLE 6. RESULTS OBTAINED FROM FLOTATION OF DRY-GROUND, WET -CYCLQNED ITALIAN ROM TALC

Reagen ts Added, Ib/ton of
® W e ig h t _______  M ineral Count, per cent___________  ________  flo tation  feed ________ Pulp,
► Product Pei C ent Platy Nonplaty Dolomite Trem oli ce HCl Dowfroth 200 Dowfroth 250 PH Per G ent Solids
H
H
PI

Test 103(b)

r Float-1 . 63.3 97 <2 <1 4 0. «0 0 .07 0 .00 8. e(c) 4.8
Float-2 27.1 Not evaluated 0.00 0 .2 8 0 .00
Underflow 9 .0 Not evaluated — — - -

2
Total 100.0 0.00 0 .35 0 .00

m
2

Test 13l(<0

o Float-1 68.7 97 1 0 .8 1 . 1.44 0 .00 0 .06 6 .9 (^ 9 .7
a Float-2 23 .3 Not evaluated 0.00 0 .0 0 0 .23 6 .9
> Underflow 8 .0 Not evaluated — — - -

r Total 100.0 1.S4 0 .00 0 .2 9

Test 132(d)

z
a» Float-1 63.5 97 1 0 .7 1 1.57 0 .00 0.06 7.0Ì®) 8 .9

Float-2 28.2 Not evaluated 0 .00 0 .00 0.25 7 .0
- Underflow 8 .3 Not evaluated -- — —
H 1
C -

Total 100.0 - ■ 1.57 0 .00 0.31

pi (a) Weight per cent refers to per cent of flo tation  feed.
(b) Flotation feed was treated  in  a  8 .5 0 -lile t-cap acity  (nom inal) Deco flotation celL Tests 131 and 132 w ere made in  a  1 .7 5 -liter-cap acity  (nom inal) 

' Fagergren flotation feed.
(c) D istilled water was used to  form  th e ta lc  slurry.
(d) Tests 131 and 132 were intended to  .be duplicate tests.
(e) Deionized water was used to  form th e ta lc  slurry.
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c o rre c t quantity , between 1. 13 and 2. 30 pounds p e r  ton of feed so lid s , was • 
effective in m aintaining the p u rity  of finished ta lc  a t  97 to 98 p e r  cent p la ty  
p a r tic le s . This amount of acid crea ted  a pulp pH ranging between 6. 9 and 
7. 8 during flo ta tio n .11 I t was sta ted  elsew here in  the re p o rt that the addition 
of HC1 in  am ounts up to 2. 30 pounds per ton of feed so lids would appear to 
be ju stified  only if  i t  w ere effective in  inhibiting the inclusion  of fine talc 
and aiding in  fro th  control.

T ests  121, 122, 123, and 124 w ere made to com pare the re su lts  
obtained when acid  was used and when i t  was om itted. Dowfroth 200 was 
used  as  the co llec to r-fro th er in  each test. The re su lts  given in  Table 7 
show tha t, when HC1 w as used in  the amount of 2. OS to 2. 34 pounds per ton 
of flo tation  feed , the F lo a t-1 product was 99 p e r cent p la ty  ta lc. The 
am ount of w eight recovered  in  Float» 1 was h igher when acid  w as used than 
when i t  was om itted , although the weight recovered  d ecreased  when file 
streng th  of the acid was in c reased  from  2.05 to 2. 34 pounds p e r ton.

The data  given in  Table 7 a re  npt fully consisten t. In T ests 122 and 
124, when no acid  was used , the F lo a t-1 products w ere 97 and 99 p e r  cent 
p la ty  ta lc , resp ec tiv e ly , and a weight recovery  of about 55 p e r  cent of the 
flo tation  feed w as obtained in  each product. If the d ifference in  quality is  
im p o rtan t, m ore experim ents would be n ece ssa ry  to estab lish  file cause 
of the d ifference in  p la ty  ta lc  content.

In T es t 121, 63. 8 p e r  cen t of the flbtation feed weight was recovered  
in  F lo a t -1 and the product was 99 p e r  cent p la ty  talc. The pH during 
flotation varied  between 6. 4 and 6. 6. A size d is trib u tio n , by sed im entstion , 
showed .that 19. 7 p e r  cent of the F lo a t-1 product was finer than 10 m icrons. 
T h is could m ean that the flotation feed had been incom pletely c lassified  
(the o rig ina l ore being overground) and that the am ount of HC1 added had 
not been highly effective fo r additional re jection  of fine p a r tic le s  during 
flotation.

E ffec t of Type of F ro th s*  on Recovery and Q uality . Two d ifferen t 
fro th e rs  w ere investigated  to determ ine the effect on the recovery  and 
quality  of the F lo a t- 1 products. These fro th e rs  w ere Dowfroth 200 and 
Dowfroth 250. Both of these fro th e rs  a re  100 p e r  cent w ater soluble, 
although Dowfroth 250 is  c lassed  as the s tronger of the two. The manu­
fa c tu re r ,  Dow C hem ical Company, M idland, M ichigan, claim s tha t le ss  
Dowfroth 250 is  needed to accom plish  file sam e effect as a la rg e r  am ount 
of Dowfroth 200.

The re su lts  of experim ents that illu s tra te  the influence.of the type 
of fro th er on flo tation re su lts  a re  given in  Table 8.

D ata given in  Table 8 show tha t, under c e r ta in  operating conditions, 
D owfroth-250 w as a  s tro n g er fro th e r-co llec to r than Dowfroth 200.

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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TABLE 7. E F F E C T  OF HCL ON FLOTA TIO N  RESULTS

W eight*^

R eagents A dded, 
lb  /to n  o f flo ta tion P «1P

M ineral Count, p e r  cent feed P e r  C ent
P roduct P e r  Cent Nonplaty Dolomite T rem o li te HC1 D ow froth 200 pH Solids

> T e s t 121
F loat- l<b> 63. 8 99 A j— A <1 2.05 0. 08 6. 4 6. 9

pi F loat- 2 19. 1 95 0 .0 0 0. 31 6. 6
r Underflow 17. 1 - -
r
pi

Total 100.0 2 .05 0. 39

z T es t 122
m F lo a t -1 55. 6 97 1 1 < 1 0 .0 0 0. 08 7. 8 ' 6. 2
z F lo a t-  2 27. 5 0. 00 0. 34 6. 9
0 Underflow 16. 9 - - - -
30 Total 100.0 0 .00 0. 42
>
r T est 123

F lo a t- 1(b) 57.5 99 <1 0 .4 <1 2, 34 0. 09 6. 7 6. 1
- F lo a t- 2 24. 3 0 .00 0. 35 6. 9
z Underflow 18. 2 - -(*
H Total 100. 0 2. 34 0. 44

nf T es t 124
c
-t F lo a t- 1 55. 5 99 <1 0 .5 <1 0. 00 0. 09 8. 1 5 .9

F loat- 2 25 .4 0. 00 0 . 37 7. 0
Underflow 19. 1 - - - -

Total 100. 0 0 .00 0 .46
(a) W eight per cent refers to  per cent of flotation feed.
(b) The Float-1 products o f Tests 121 and 123 were given to W. H. Ashton, of Johnson and Johnson, and were considered representative of what m ay he 

expected from a p ilo t-p leat operatkm . These products, although containing an excess «m ount of minus 10-m icron particles, w ere of in terest
principally because of their high luster.
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TABLE 8. EFFECT OF TYPE OF FROTHER ON FLOTATION RESULTS

Weight! *1 M ineral Count, per cent
Reagents Added, 

lb 7 ton of flotation feed
Pulp

P e r  Cent
P roduct P e r Cent Platy Nonplaty Dolomite T rem olite HC1 Dow 200 Dow 250 PH Solids

B
A

T

Test 1Z1 
Float- 1 63. 8 99 <1 <1 <1- l .  05 0. 08 0. 00 6 .4 6.9

T
E

L
L

T est 1’25 
F lo a t-1 64.-1 98 <1 0. 3 1 2. 06 0. 00 0. 08 6. 5 6.9

PI

2

Test 122 
Float- 1 55. 6 97 1 1 <1 0. 00 0. 08 0. 00 7. 8 6. 2

m
s'
0

Test 126 
Float- 1 66. 0 96 1 0. 3 2 0. 0Ò 0. 00 0, 08 7.7 6. 8

R
IA

L

T est 157 
Float- 1 51. 8 97 2 0.3 <1 2. 45 0. 11 0. 00 5 .8 5. 3

z
Test 158 

Float- 1 56. 3 97 2 0. 3 <1 2. 40 0. 00 0. 11 5. 6 5. 4
IP
H

H
Tests 147-148 

Float- 1 62. 1 97 2 <1 <1 1.66 0. 00 0. 06 6. 4 7.9

H
PI

Test 142 
Float- 1 55. 9 96 <3 0.2 <1 2. 72 0. 00 0. 09 5 .4 6.3

(a) W eight per cent refers to  per cent of flotation feed.
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A com parison of T esta  121 and 125 shows th a t, when about 2 pounds 
of f^Cl and 0. 08 pound of e ith er fro th e r p e r  ton of flotation.feed was used 
(creating  a  pH,of 6 .4  to 6. 5), the,am ount of weight recovered  in  the F lo a t-1 
product was approxim ately 64 p e r  c e n t The quality of the floated  products 
w as e ssen tia lly  the same a t 98 to 99 p e r  cent p la ty  talc p a r tic le s .

T hese experim ents-w ere repeated  without ac id , but the am ount of 
fro th e r  added w as kept at*0.08 pound p e r  ton of flotation feed , and are  
rep o rted  as T ests  122 and 126. When Dowfroth 200 was u sed , the weight 
recovered  from  the flotation feed was 55. 6 p e r  cen t, com pared with 66. 0 
p e r cent when the stronger Dowfroth 250 was used. The platy  content of the 
floa t p roduct, how ever, was only 96 p e r  cent when Dowfroth 250 w as-used, 
com pared with 97 p e r  cent when Dowfroth. 200 was used.

The weight recovery  of 55. 6 p e r cent in the F lo a t-1 p roduct of T est 
122 appears too'low and probably should not be considered as a f irm  ‘ 
figure without repeating the experim ent.

T ests  142, 157, and 158 w ere made with in c reased  am ounts of acid 
■and fro th er. The .amount of fro th e r was in c reased  to obtain h igher reco v e ry  ' 
and the am ount of acid  was in c reased  to re ta rd  the flotation of undesirab le  
m in e ra ls . The re su lts  show th a t, when the acid s treng th  was in  excess of 
Z. 40 pounds p e r  ton of feed , lc h a d  a definite tendency to d ec rease  the 
weight re co v e re d , even though the am ount of fro th e r-co llec to r w as 
in c reased  from  0 .08  to 0. 11 pound p e r ton of flo tation feed. In addition 
to th is , the in c reased  acid  s treng th  was not effective in  im proving the 
p la ty  content beyond 97 p e r  cent.

The conclusions from  the experim ents rep o rted  in  Table 8 are ;

(1) Maximum grade and reco v e ry  a re  effected adversely  if  
the flotation-pulp pH is  le ss 'th a n  6. 4, re g a rd le ss  of 
which fro ther is  used.

(2) Dowfroth 250 ie  a s tronger fro th e r-co llec to r fo r p la ty  
ta lc  than Dowfroth 200.

(3) B e tte r quality  flo a t p roducts can ha obtained with acid than 
w ithout, providing* the pH does no t become le ss  than 6. 4.

A ll F lo a t-1 products from  ROM ta lc  had a high lu s te r; Chat i s ,  the 
lu s te r  from  these p roducts was definitely  of a h igher o rd er than was ob­
tained from  any float products from  Ita lian  No. 2 talc.

i
The deionised w ater used in  a ll flotation experim ents from  T est 121 

through T e s t 158 had a re s is tan c e  of 105,000 to 150,000-ohms perlcub lc  
cen tim eter.

S 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 am ount of tim e available did not p e rm it an extensive, evaluation of 
the physical p ro p e rtie s  of the flo tation p ro d u c ts , and fo r the m ost p a r t the 
p roducts w ere ra ted  solely by a  m icroscope m in e ra l count and subjective 
m easu rem en ts  of lu s te r and feel or slip.. The flotation p roducts obtained 
com pared  favorably.w ith the Ita lian  No. 2 flo tation products w ith 'respect 
to p la ty  ta lc  and dolomite content, and therefo re  i t  w as believed that the 
p ro p e rtie s  of lub ric ity  and alkalinity  (pH of m oistened , beneficiated  
products) would be essen tia lly  the sam e for both the ROM and the Ita lian  
No. 2 ta lc s . Bulk density was spot-checked on various F lo a t-1 products 
and found to be in  the range of 23 to '25 pounds p e r cubic foot.

The amount of m inus 10-m icron p a rtic le s  contained in  the F lo a t-1 
p roducts w as also  spot-checked and found to be between 9 and 20 p e r cent. 
The appearance of any excess am ount of m inus 10-m icron  p a rtic le s  in  the 
F lo a t-1 p roducts is  a ttribu ted  to overgrinding and incom plete cyclone 
c la ss ifica tio n , ra th e r than, to flotation. . In fa c t, there  is  evidence that 
flo tation  is  helpful in  the re jec tio n  of minus- 10-m icron  p a rtic le s .

The weight recovery  expected from  a  continuous operation  can be 
es tim ated  reasonably  closely  by using data available from  T e s t 121 (see 
Table 7). In th is te s t ,  the F lo a t-1 p roduct was 63. 8 p e r cent o f the flota­
tion  feed, weight and the F lo a t-2 product contained 19. l .p e r  cent of the 
flo tation  feed weight. By return ing  the F lo a t-2 p roduct back to the new 
feed , i t  would be reasonable to expect that another 63. 8 p e r  cent of it 
would be recovered . T h ere fo re , an estim ated  weight recovery  from  the

flo tation feed would show 63. 8 + 76 p e r  cent. These
calcu lations do not include a potential additional recovery  that m ay be 
expected from  scavenging the flotation underflow. It would not be unreason­
able to expect an  additional 3 to 5 p e r  cent reco v e ry  b'y the scavenging s tep , 
followed by retu rn ing  (he scavenger fro th  back to the new feed. On this 
b a s is  the to tal p ro jec ted  recovery, in  a continuous operation would be 80 
p e r  cent of the weight of the flotation feed.

The o v e rfa l l  recovery-of h igh-g rade talc from  the o rig ina l ore is 
a lso  re la ted  to the efficiency of the pebble m illing and hydraulic  cycloning. 
Ore p rep a ra tio n  as followed in  T e s t 121 shows that 48. 5 per cent of the 
o rig in a l weight w as re jec ted  in  the cyclone overflow  as approxim ately 
m inus 10-m icron  p a r tic le s . This am ount, 48. 5 p e r  cen t, is  fa r  too much 
weight lo ss  and should not be considered re a l is t ic ,  because the talc was 
overground. O re p rep ara tio n  as  followed in  T est 151 (see Appendix) 
showed tha t only 31. 7 p e r  cent of the w eight was re je c ted  as cyclone 
overflow . This am ount is  also  believed to be g re a te r  th in  would be obtained

6  A T -T E L :L £■• 1 M E-M- e w - r  A* L t N S . T  I T U T E
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from  a  continuous p ilo t m ill o r com m ercia l c ircu it; 30 p e r cent is  a 
re a lis tic  am ount for estim ating purposes. T here fo re , the o v e r-a ll

estim ated  weight recovery  would be — « 56 p e r  cent of the weight of 

the orig inal ore. ■

Hot a ll  of the flotation experim ents on Ita lian  ROM talc a re  d iscussed  
in  tine text of th is  rep o rt. A com plete tabulation of the experim en ts ,

' Showing the p e rtin en t d a ta , is  p resen ted  in  the Appendix.

PROPOSED PILO T-PLA NT FLOWSHEET

F ig u res  6 and 7 show the proposed  flow sheets based  on labora to ry  
experim ents for crush ing , grinding , and beneficiation of Ita lian  ROM ta lc :

' The crushing c irc u it i s  to be operated  in te rm itten tly , to rep len ish  
the storage b in , but the grinding c irc u it is  a continuous o p era tio n , so that 
the beneficiation p ro cess  w ill have unin terrupted  feed. The objective of 
the flow sheet design  shown in  F ig u re  6 is  to provide a flexible system  for 
trea ting  a  v arie ty  of ROM talc o re s  (not Specifically Ita lian). This c irc u it 
i s  expected to handle talc that m ay be rece ived  in  p ieces as  la rg e  as 8- o r 
10-inch s lab s , ham m erm ill in  one p ass  through 1 /4  inch , w et g rin d , and 
c lass ify  a t  approxim ately  200 m esh. The minus 20.0-mesh pulp is  expected 
to leave the c irc u it a t  4 to 7 p e r  cent so lid s , which is  an ideal feed to the 
beneficiation c irc u it. I t is  expected that the amount of m inus 10-m icron 
ta lc  produced can be held  to a  reasonab le m aximum by controlling the 
circu lating  load in  the grinding c irc u it,  grinding pulp density , pebble 
d iam ete r, and to ta l weight of ch arg e , and, finally , by dilution of cyclone 
feed.

The flow sheet shown in  F ig u re  7 ie  essen tia lly  th e  sam e as that 
developed fo r p rocessing  the Ita lian  No. 2 talc*. L abora to ry  experim ents 
showed that the sam e genera l re su lts  would be obtained from  e ith e r ROM 
o r lta lian  No. 2 ta lc. If  the grinding c irc u it could be opera ted  effic iently , 
a  higher yield of beneficiated ta lc  could be expected from  the ROM talc 
than from  the Ita lian  No. 2 talc.

•Brews, W, B., "The Physical Concentrent» of T*lc Ore* -  Flotation of Italien No. 2 Talc“. n»™»« 
Progress Report to Johnson and Johnson (July Si. IMS).
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FIGURE 6. PROPOSED PILOT-PLANT FLOWSHEET -  
CRUSHING AND GRINDING CIRCUIT
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: CONCLUSIONS

D ata and observations obtained from  the grinding« cycloning, and 
flo tation experim ents have estab lished  that:

(1) Ita lian  ROM talc can be beneficiated by the combined 
p ro c e sse s  of crush ing , grinding, c lassify ing , and 
flotation. The finished beneficiated ta lc  w ill have a 
high lu s te r  and w ill be 97 to 99 p a r cen t p laty  ta lc.
The yield expected in  a continuous operation is  80. per 
cent of the flotation feed , o r 56 p e r cent of the o rig inal ore,

(2) W et-pebble-m ill grinding is  m ore  effective in  obtaining 
200-m esh grinds than d ry -pebb le -m ill g rind ing , although 
le ss  m inus 10-m icron  ta lc  is  produced from  dry  grinding.

{3} W et-pebble-m ill grinding yields a  p roduct th a t, a fte r 
cy cloning and floating, shows a  m arked  im provem ent in  

, lu s te r  com pared w ith the p roducts obtained from  the ' 
beneficiation of Ita lian  No. 2 talc.

(4) ROM ta lc  m u st be ground finer than 100 m esh , o r the 
re su ltin g  flotation products w ill have a  g ritty  tex ture,

(5) The h ighest quality  products w ere obtained when the 
flotation feed pulp w as m aintained a t a  pH of 6. 4 o r 
h igher.

(6) W ater-so lub le  fro  th e re , such as Dowfroth 200 or 
Dowfroth 250, a re  good p ro m o ters  fo r the flo tation
of p la ty  talc. T here a re  indications that Dowfroth 250 
is  the s tro n g er p ro m o ter of the two, bu t i t  m ay be 
slightly  le s s  se lec tive ,

{7} The experim en tal re su lts  show that the p ro c e s se s  of 
c la ss ifica tio n , flotation,, and filte ring  as developed fo r 
Ita lian  No. 2 talc can be adapted to Ita lian  ROM talc.
No change in  equipm ent types o r s izes  should be n ecessary .

Table 9 shows the Johnson and Johnson specifications for Italian  
No. 1 talc and includes a  com parison of these specifications with the 
beneficiated  p roducts from  the Ita lian  No. 2 and ROM ta lcs.

< * «
This table shows that the-beneficiated p roducts contain le ss  than 0. 75 

p e r  cent of dolom ite and labs than 1 to 3 p e r  cent of nonplaty m in e ra ls . The 
bulk density  of the beneficiated;product was w ithin the specification  of 22 to 
27 pounds p e r  cubic foot.- ' • *  "• j
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TABLE 9. COMPARISON OF SPECIFICATIONS WITH THE BENEFICIATED PRODUCTS FROM 
ITALIAN NO. 2 AND ROM TALCS

Italian No. 1, Italian No. 2, Italian ROM,
> Physical-Property Johnson and Johnson Laboratory Laboratory

Control Specification Raw M aterial Be ne£idated Beneficiated

m
r Moisture^3) , per <0. 15 0. 05 <0. 05 <0. 05
r cent

Solubility in HC1, <6 2. I- 2. 8 <0. 75<b) 0. 3-0. 6<b>
per cent

2 Fineness, per cent Not less than 98. 5 99.8 99. 5 98. 5
O
JO

through 200 mesh

> Bulk density, lb/ft^ Not le ss  than 22 23.0 28-29 23-25
r nor m ore than 27

Microscopic struc- P latelet showing no 88-90 97-99 97-99
01 ture , per cent acicular or excessive
H platy granular, crystals

-l
C pH (Alkalinity) 7. 0-7. 5 9 .  0-9. 3 8. 1-8. 8. 8. 3-8. 6

(a) Moisture content -would be significant only from a continuous plant operation, because laboratory products can be dried to any desired m oisture .
content.'

(b) Solubility in  HC1 as reported here is expressed as dolom ite content, which was determ ined from  COg assay.

K
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TABLE 9. COMPARISON OF SPECIFICATIONS WITH THE BENEFICIATED PRODUCTS FROM 
ITALIAN NO. 2 AND ROM TALCS

© Italian No. 1, Italian No. 2, Italian ROM,
> Physical-Property Johnson and Johnson Laboratory Laboratory
H ' Control Specification Raw Material Beneficiated Beneficiated

ft
p M o is tu re ^ , per <0. 15 0. 05 <0. 05 <0. 05
r cent
p i

Solubility in HC1, <6 2. I- 2. 8 <0. 75(b) 0. 3-0. 6(b)
z per cent

2 Fineness, per cent Not le ss  than. 98. 5 99.8 99. 5 98. 5
o through 200 mesh

> Bulk density, lb/ft-3 Not le ss  than 22 23.0 28-29 23-25
r nor m ore than 27

2 Microscopic struc- P la te le t showing no 88-90 97-99 97-99
til ta re , per cent acicular o r excessive ,
H platy granular crystals

-L
C pH (Alkalinity) 7. 0 -7 .5 9 . 0-9.3

00«1•
GO 8. 3-8. 6

H
PI

(a) Moisture content would be significant only from a continuous plant operation, because laboratory products can be dried to any desired moisture .
content.

(b) Solubility in HC1 as repotted bete is expressed as dolomite content, which was determined from CO2 assay.
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FUTURE- WORK

Since the com pletion of the experim ental w ork included in  this re p o r t,  
a new reagen t com bination, involving A eroso l, has been developed. The 
developm ent has led  to im proved re su lts  and w ill be p resen ted  in a 
separate  repo rt.

An experim ental p rog ram  is  now in p ro g re ss  to estab lish  how much 
of the w ater used in  beneficiation can be re -u sed  without adverse  re su lts  to 
the o v e r-a ll p rocess .

The o rig ina l notes on file labo ra to ry  work described  in .th is rep o rt 
a re  in  B atte lle  L abora to ry  R ecord Books 14668, 15042, 1519P, 15456, and 
15662. The work was done in  the period  from  Ju ly  24, 1958, to A pril 20, 
1959.

WEB:jvo
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APPENDIX

SUMMARIZED RESULTS O t  ALL FLOTATION TESTS MADE ON 
ITALIAN ROM TALC

■ a t t c l l e  m e m o r i a l  i n s t i t u t e
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