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October 25, 1957

Dr. W. H: Lycan

Director of Research
Johnson and Jolmson

New Brunswick, New Jersey

Dear. Dr. Lycaa:

This lottcr tra.nlmit- six copies of our report “Studiu of the Physical Propcrtxes
of Talc; Their Moasuromont, and Comparison, .

At the present stage of thip investigation lt can be seen that the lubricity of the
Italian tal¢ is closely related to its purity, ‘crystalline habit, and particle-size distribu-
tion-and is o:q:rouod in bulk density, suriace area, porooity, and average diameter:
measurements. The acceptable Italian talc was found.to fall within a small range of
physical measuréments. Lubricity was found to be controlled by the shape of the rela-
tivoly small content of comparatively larger parﬁcln' in the etherwlu £iner mixture.

It appears feasible that the slip of the Italian talc may be improvod by the removal
of the coaxser mineral contaminants.

Your comments on the findings of this invostigat\;on will be appreciated.

. Very truly yours,

WAL M

W. L. 8mith
Principal Geologist )
. Minexals BPeneficiation Division
WLS:»r
Enc. (6)
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o S'I‘UDIES OF THE PHYSICAL P.ROPERTIES OF TALC,
: THEIR ME.ASUREMENT AND COMPARISON

by
W. L. Smith

" SUMMARY

In order to n-npxovo the phyncal propertles of talc it is necessary to be able to
measure the differences in talc and to establiah 2 basis for the determination of im-
provement. To study the lubricous property of talc, an experimental lubricity meas-
uring device was built,.and the behavior of different tale samples was compared with
their other physical properties. The comparative physical measurements were made

" upen siged fractiona and whole aamplol of Ttalian tale with conventional laborntory
dgv;ces It was found that the .acceptable Italian talc fell within & small range of the
physical measurements and that the samples with the more desirable slip have the
greater surface area, the smaller average particle diameter, the' greater ratio of-voids
to total volume, and the lessexr bull dénsity. Lubricity was found'to be controlled by
the shape of the relatively small content of comparatively larger particles in an other-
wise finer mixture. At the present stage of the investigation, the improvement of the
slip of the Italian talc appears feasible by the removal of the coarser mineral
contaminants. ‘ '

INTRODUC TION

The talc currently used by Johnéon and Johnson, obtained from Pinerolo, Italy, is
belie ‘ad t6 be a blend of five or more different graées of ore which gives a hxgh quality,
.lubncous powder. Ina proposal for research on the improvemert of the properties of
talc, dated June 4, 1956, it was praposed to study the basic properties of the acceptable
Itajian talc and to determine if and how the guality might be improved. The development
of objective tests which might serve in the evaluation of talc was recommended, with
the initial work-to be done upon the product now used by Johnson and Johnson.

- In order to determine improvement in the guality of talc, however, it is necessary
to measure the apparently emall differences hetween. acceptable talc and talc of lower
quality. Previously, measurements have been made by subjective methods only, which
were thought to be of insufficient precision to measure small differences. The develop-
ment and correlation of phyaical measurements haa been undextaken to permit the
measurement of improvement, The: mulurmnta of the physical properties of accept~
able tale, and their range, have been miade upon a series of one kilogram samples of
grade VBGT Extra 00000" taken at weekly intervals from the conveyor at the Cranford,
New Jersey, plant just before the talc enters the ribbon blendors. An additional la.rgd
sample of talc was obtained for tests requiring larger volumes of material. T e

As a test for the comparative lubricity of talc samples, a lubricity board was con-
structed., This device, though not providing abeolute values, gives reproducible
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relative figures, with which the other physical propérties, which can be more easily
measured, may be correlated. This study, when goupled with propdsed work on abra~
siveness and other properties, should indicate the course to follow in beneficiation, the
primary work on which Battelle reported in a letter dated June 12, 1957, The flotation
work to date has been a laboratory expedxent of producing talc of ‘superior quality for
physxcal tests. :

,~~ DISCUSSION OF LUBRICITY

This report deals with lubricity and other physical properties including particle~
size distribution and surface area, which are pertinent to lubricity. The desirable
quality in talc, however, is only partly a matter of Jubricity. That is, talc with the
desired ""feel" (as sensed subjectively) ig not determined either by very high or very
low lubricity (diminution of friction) but by a balance of physical properties which
produces a particular sensory effect. This quality is referred to in this report as slip.
The primiary determining factor is the platiness of fine gramed particles sliding over
one another under slight pressure ~ not being lubricous in the sense of bearings which
cut down friction by transmitting the moving forces. to the rolling of an intermediate
body, producing point friction; not being lubricous in the sense of a viscous fluid which
buffers coptact; but being lubricous in the sense of a series of leaves which impart the
relative movement of two bodies along several planes parallel to the contact, producing
the gensation of softness of surface contact.

The nature of the sliding of the platelets is a matter of kinetics, the changes in
types of motion produced by applied forces. A certain intensity of force is required to
maintain sliding between any two surfaces, and this varies with the nature of the sur-

. faces. When the applied force is distributed along numerous planes rather than between
two surfaces, the resistance to relative motion between the two bodies is distributed
among a series of translation movements rather than in a Yotational movement or in the
overcoming of inertia in one plane. Inasrnuch as the coefficient of sliding friction is
apparently much less between talc platelets thian bstween talc and flesh, the total friction
resulting from the sum of translation movements is necessarily less than that of flesh in
contact with flesh, and thus the lubricous property is sensed.’ The force producing the
relative motion of two bodies is applied to the several planes of free moving talc plate~
Iets, which orient their greatest surfaces normal to the force applied; the contact of
this series of parallel talc planes with flesh produces the ailky or smooth sensation
desirable ir high quality taleum p0wder

Grit (granular and acxcular partxclel) ’ where present,.introduces point fnct:on as
in bearings, or plowmg a.nd thus is the primary objectxona.ble contaminant in talcum
powder. . : et

The lubricousness or slip of talcum powder is determined by its mineralogical
purity, the crystallographic habit of the talc, ‘the size distribution of the powder, its
moisture content, and the nature.of the conta:ninantl Most of these factors must be
determined petrographically, often on separated fractions of the powder. Other
physical properties, such as surface area, average diarneter, porosity, and bulk
density, may be measured 'mechanically. Such physical measurements have been made,
and the data have been correlated to determine which properties are significant in
ground talc which has the desired slip. Measurements have been made to establish the
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optimum limits of many of the properties relevant to lubricity. “Data relevant to color,
reflectance, moisture content, alkalinity, dnd abrasiveness will appear in a subsequent
report,

o0~ THE ROLE OF MINERALOGICAL PURITY IN LUBRICITY

Tha Italian talc conta.ms from about 97 to more than 99 per cent pure mineral talc.

The predominant contaminant is carbonate, which is present in all size fractions, being
slightly more abundant in the fines, Among other contaminants, present in trace
amounts, are amphiboles, rutile, zircon, apatite, and titanite. The Italian talc is
essentially free of opaques. The contaminants are generally prismatic or angular
particles which act as grit and introduce point friction. A few such equidimensional or
acicular particles present in an otherwise platy talcum, particularly if the grit ie pres-
ent in the coarser sizes, may be easily noticed subjectively. They diminish the
lubricous feeling by the introduction of plowing, bearing=-like particles, and the disrup-
tion of the lamellar movement of the talc particles. Inasmuch as the contaminants
generally have diameters considerably greater than the thickness of talc platelets, their
removal would improve the 8lip of any platy talc in which they occur in an effective
-amount. The small percentage of contamination in the Italian talc is an effective
amount, ‘as demongtrated by lubricity tests oh a sample upgraded by froth flotation.

Further discussion of the nature of the impurities of 1c was reported in ea (1 er
Battelle reports to Johnson and Johnson dated May 11, 19581)% February 29, 1956
May 28, 1957(3) and July 25, 1957(4),

0/ THE ROLE OF THE CRYSTALLOGRAPHIC HABIT OF TALC IN LUBRICITY

- Platy talc is the most desirable for the purposes of the .Sponsor. Whereas
acicular and granular talc particles plow or roll, producing point friction, platy pa.rtx—
cles slide over one another producing the soft lubricous sensation desirable in talcum
powder. The Italian talc averages about 10 per cent fibrous or acicular particles and
about 90 per cent platelets. The amount of granular talc particles is, negligible.
Fibrous and granular particles of talc, though physically softer than the foreign
mineral contaminants of talc ore, arc none the less undesirable - if to a lesser degree.
Such particles are most unde-irat!le when present in the largex grain sizes where these
crystals or aggregates may act as bearings or irritants.

Whereas different minerals may be separated from one another by physical
processes, such as the removal of carbonates from talc by flotation, more difficulty is
involved in separating particles of monomineralic, impalpable powder on the basis of
their erystallographic habit, except where the crystal types concentrate in specific size
fractions. Until beneficiation procedures for concentrating tal¢ with the desired
crystallographic habit are developed, talc which has the crystallographic habit pre-
ferred must be obtained by selective mining.

A detailed discussion of the various crystallographic habits of talc appears in a
Battelle report to Johnson and Johnson dated February 29, 1956(2},

* References ate given on page 23,
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}R/ . THE MEASUREMENT'OF LUBRICITY

.~

Discussion

Although the desired property of talc, the slip or optimum balance of size distri-~
bution and friction is only partly a matter of lubricity, it is correlative within certain
limits of lubricity. A standard method of objsctively measuring the lubricousness of
talc has not béen devised previously. . The lubricity has been determined comparatively
by feeling a pinch of powder betwsen the fingers. Peopls experienced in so testing talc
subjectively are able to distinguish ¥ine differences in quality. Since the desirable and
undesirable qualities of talc are a subjective matter, it is likely that subjective testing
is preferable. Howevér, since the subjective tests are a matter of sensation, involving
human reaction to several physical properties, such tests are of little help in devising
methods of improving the physical properties of tale or of measuring small differences
in particular properties. Beciduse of this it was nepessary to build a device to objec=

' tively test and measure lubricity, apart from the other properties which contribute to
the duirabﬂity of talc. .

"It is not to-be inferred that an objective test can replace the subjective test or that
pleasantness of sensation is mechanically measurable; however, the physical properties
which contribute to the unctuousness of tale can be measured and their optimum limits
can be determined. Thus the means of improvement of tales can be visualized. The
figures cbtained on the lubricity~board experiments are compared with the more sasily
made measurements of other physical properties in order to determine if there is a
correlation and to establish the desirable limits of particular properties in acceptable
Italian talc.’

The Lubricity Board

~

In order to obtain guantitative measurements of talc samples, against whi¢h the
measurements of other physical properties could be compared, a simple machine was
constructsd with a minimum of interacting physical factors. This device consists of a
wooden plane inclined at 25 degrees, which is covered with tale (Figure 1). The
lubricity is determined by measuring the time it takes a ZZé~gram stesl puck to slide
over two microsiwitches spaced 5 feet apart (Figure 2). The microswitches actuate an
slectric timer. . . :

The lubricity board was designed as a preliminary device in making lybricity
experiments; however, a routine method of measurement has been sstablished and the
device has demonstrated a reproducibility with an accuracy of more or less 1 per cent.
Although more precise machines might be built, the lubricity board has proven to be an

" adequate means of measuring the comparative lubricity of talc samples and to'be
adequately precise for the comparison of data {rom other physical measurements. The
measurements made on the lubricity board are prncntcd in terms of . xxx second, the
figures representing the averagse of fifty readings. A typical set of figures is shown in
Table 1. A description of the lubricity bon.rd and.the technique of its operation com-
pr!su .Appendix A,
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N40207
FIGURE 1. THE LUBRICITY BOARD, SHOWING DESCENT OF STEEL PUCK
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N40208
FIGURE 2. UNDERSIDE OF LUBRICITY BOARD, SHOWING MICROSWITCHES AND

ELECTRIC TIMER CONNECTED TO LOCK-IN RELAY
BATTELLE MEMOR.IAL INSTITUTE
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TABLE 1. TYPIGAL DATA FROM LUBRICITY-BOARD MEASUREMENT
OF ITALIAN TALC SAMPLE (CRANFORD, 12/22/56)

Mouuxvqmmt in Seconds

Series 1 Series 2 Series 3 . Series 4 Series 5
0.96fa) 0.97 0.98 0.97 0.97
0.98 0.96 0.97 0.96 0.97
0.98 0.96 0.97 0.96 0.96
0.95 0.95% 0.97 0.98 0.95
10.97 0.96 0.96 0.98 0.96
0.97 0.95 0.96 0.97 0.94
0.96 0.96 0.97 0.96 0.97
0.95 0.97 0.98 0.98 0.98
0.97 0.96 0.97 0.97 0.95
0.94 0.97 0.97 0.99 0.97

Average 0.965 gecond

. (#) labricity board newly covered fos each series of ton slides

Contrary to prsconceived ideas about the behavior of solid lubricaats, the puck
was found to slide faster on poorer grades of talc than on cleaner samples with better
slip. The controlling factor is the presence of contaminants or equidimensional parti-
cles which act as bearings while purer talc, within the limits of the particular size
distribution, presents a surface composed of flat plutahta s producing more friction and
slowing the descent of the puck.,

It is not suggested at this time that Johnson and Johneon conduct similar experi-
ments on a lubricity board. Until the lubritity studies are completed, it is intended
that the lubricity board serve only as a basis for comparison with other measurements
by which the physical properties which control lubricity can bs evaluated.

The Lubrlcity of Talc Samples

Lubricity~board measurements wexs made on 15 samples of talc obtained from the
Cranford plant of Johnson and Johnson, collscted at regular intervals from August 10 to
December 22; 1956. Table 2 lists the figures obtained for each sample. The readings
ranged from 0. 936 second for the sample which permitted the faatest descerit of the
puck to 1. 083 gseconds for that sample which most slowed the descent.

To test the hypothesis that the faster descents were due to bearing-like con-
taminants, the lubricity figures were compared to those of the percentage of contamina-
tion. Table 2 lists the amount of contamination as compared to the lubricity of the
samples. ‘The contamination figures represent microscopically identifiable particles

~ and do not include the impalpable fines. Although correlation was not perfect, the
relationship of contamination to lubricity is clear in the extreme instances. The talc
containing the greater amount of contaminants permitted the faster descents on the
lubxricity board. The alight differences in contamination were not discernible
subjectively.
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TABLE 2. LUBRICITY-BOARD MEASUREMENTS AND PER CENT

. CONTAMINATION OF TALC SAMPLED AT CRANFORD,
NEW JERSEY, SHOWING RELATION Oy LUBRICITY TO
PURITY OF SAMPLE :

: Conw.:ninaﬂoni ‘; s Lubricity-Boaxd Measursments,

Date Sampled per cent : seconds
9~6-56 : <1 ‘ 1.083 (slowest)
11-6~56 1 1.083
9-12-56 <1 1.030
9-19-586 . <] 1.028
10-18-56 . "1 1.025
8-10~56 . 1 1.021
9=~27~56 1 1,017
8-28-56 2 1.007
10-29-56 1-2 1.006
10~4-56. 1-2 ’ 0.982
8-20-56 2 0.971
10-12-56 2-3 0.968
12=22=56 2 . 0.965
11-30-56 2-3 0.952

2 ) 0.936 (fastest)

. 11'15"‘56

{2) Dstermined petrograpblcally.

Inasmuch as the contamination figures were small, were close together, and
could be prejudiced, the contaminants were removed fxrom a sample ¢f talc by {roth
flotation and the products were tested on the lubricity board. The test results, which
are aleo noticeabls subjectively, are given in Table 3.

TABLE 3. LUBRICITY-BOARD DATA ON FLOTATION PRODUCTS
OF ITALIAN TALC, SHOWING DELETERIOUS EFFECT
OF CONTAMINATION ON LUBRICITY

Lubricity-Board Measurement,

Product ' ) seconds
Starting sample 0.990 .
Float product(‘) 1. 046 (superior)
Nontloat preduct{b) 0. 873 (inferior)

e —

" () Esmentially pure talc, representing 90 per cent of starting sample,
- (b) 88 per cent tale, 15 per cent contaminants, representing 10 per cent of starting tample,

The essentially pure talc product produced a slower descent of the steel puck than
did the unseparated sample, and the flotation tailings permitted a descent considerably
faster than did the unseparated sample. It may be concluded, on the basis of several
experiments on the lubricity board, that the purer talc with the better slip requires a
longer time for the puck to slide, while the samples more contaminated with granular
Ybearings' permit faster descents. Although the details of practical bereficiation of
this talc by froth flotation have yet to be worked out, the amenability of the talc to
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flotation and the obvious improvement in the purity and slip of the product indicate that
beneficiation is a feasible consideration for the improvement of the Italian talc.

(' THE RELATIONSHIP OF LUBRICITY TO
PARTI IZE DISTRIBUTY

Discussion

The desirable slip in talcum powder does nqt depend alone on the physical lubric-

_ ity of the mineral but on numerous interdepsndent physical properties, one of the more

important being particle-size distribution. The relative amount of grains in different
size fractions, the extreme sizes, and the crystalline habit of grains of different sizes
play a major role in lubricity. Comparatively larger graine in an otherwise fine
powder may roll like bearings, plow, or act as barriers to the free movement of
emaller platelets.: Too large an amount of very fine grains may behave as "flour'
desgpite their particle shape and may disrupt or may clog the movements of larger
platelets. )

Size distribution is reflected in bulk density, porosity, surface area, and average
diameter measurements. The samples of Italian talc were found to have physical
properties which fall within a small range of many of these measurements and which
can be related to lubricity.in some instances. Too many variable properties exist in
talc to assess specific requirements for many physical measurements; however, in
testing for acceptable talcs, those ores with properties similar to the Italian talec
should alsc be expected to have measurements within or close to thé range of those -
obtained on' the Italian tale. The measurements should be a useful guide in the blending
of talcs and for the rejection of inferior grades. '

Battelle wishes to emphasize that iramediate conclusions should not be drawn
from the following physical measurements alone, inasmuch as they represent but half
of the story. A forthcoming report which will deal further with lubricity and other
physical properties such ay whiteness, abrasiveness, and moisture content, will expand
the list of the propertiss required for an acceptahle talc, .Although many talcs may be
rejected because they fail to meet certain physical requirements presented here,
acceptability involves additional factors.

Particle=Size Distribution in Italian Talc

In a previous report to Johnson and: Johnson(2) , Battelle reported a dry screen
analysis and a particle~pize distribution of Italian talc based on both dry screening and
sedimentation in water. These findings are repeated in Table 4. Further, extensive

particle=gize distribution studies were made showing that three replicate analyses of a

large sample of Italian talc were closely reproducible and in close agreement with the
earlier analyses, although obtained from a separate sample (Table 5). Appendix B
contains a description of the procedure for particle-size analysis.

-
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TABLE 4. PREVIOUSLY REPORTED PARTICLE-SIZE
DISTRIBUTION DATA(2) ON ITALIAN TALC

a. Dry Screen Analysis

Tyler Mesh Size

Weight Per Cent

+150 0.1
~150+200 1.8
=2004270 2.1
-270+325 13.5
=325 82.5
‘ 100.0
b. Approximate Particle~Size Distribution Based on Dry
Screening and Sedimentation in Water
Approximate
Weight
Size Per Cent
«~100+200 Mesh 2
=200+4+325 Mesh ‘16
«~325 Mesh + 15 Microns 62
-15 Microns + 10 Microns 9
-10 Microns Al
100

TABLE 5. PARTICLE-SIZE DISTRIBUTION OF THREE SAMPLES

OF ITALIAN TALC

Per Cent-

Average Weight

Size Por Ceunt Deviation From Mean
+200 mesh{d) 1 0.12
=200 mesh + 325 mesh 10 0.97
=325 mesh + 400 mesh 7 1.3
{38 microns)
=38 microns + 30 microns 57 5.18
=30 microns + 15 microns 12 . 0.8
«15 microns 13 3.1
100 '

B e e e emie o
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To check the variation in particle~sixe distribution of the talc samples from
Cranford, a series of measurements by dry screening and sedimentation were made on
12 umplos. Table 6 lists the weight per cent of each size fraction. One of the
samples, Cranford 10/4/56, might be sliminated statistically from the sample popula~-
tion; howsver, the variation is real and its data are included in the weight per cent
deviation from the mean (Table 7), The effect of the variant sample shows clearly in
the meagsurements of average particle sixe, specific surface, bulk density, and porosity
(Tables 12, 15); The cause of the variation is not obvious petrographically, the
sample being similar.to the others except in sige distribution. This variant sample
demonstrates that the Pinerolo product is not uniform. Also, since the larger coarse
fraction does not cause the sxpscted effect on the lubricity measurement as do varia~-
tions. within the normal sizs distribution population, it shows that the matier of lubricity
is more complex than is indicated by variations within & small range in particle~size
distributon.

The Cranford gsamples have minor variations in particle-size distribution. In all
of the samples, however, the =400 mesh (33 micron) + 30-micron fraction constitutes
" about one~haif of the sample, with minor amounts in the smaller and larger fractions.
This distribution should be kept in mind should platy talcs of other distributions be con-
sidersd. Inasmuch as the size dietribution may be as much a matter of the grinding
and blending of ores as of the physical nature of the ore, fabrication of acceptable
talcum powder from lower grade ors might be accomplished by a proper blend of sized
fractions of platy talc.

Correlation of Lubricity With Particle~8ize Distribution Data

In order to correlate the particle=size distribution and lubricity data, a large
sample of Italian talc was sized and the sixe fractions were tested on the lubricity
board. Experiments clearly showed that the coarsex fractions permitted a faster
descent of the puck while the finer fracticns produced a glower descent. This is ap~-
parently due to the more equidimensional bearing-like particles in the coarser frac~
tions. Table 8 demonstrates the relationship of particle size to lubricity, showing the
larger, more desirable, lubricity figures for the fines, the lower for the coarser,
gritty fraction. -

Inasmuch ae the lubricity of talc involves the physical properties of material of
various grain sizes, lubricity measurerients were made on various proportional mix-
tures of specific particle=size fractions and on powders from which specific particle~
size fractions were removed. In order to detsrmine if the over-all lubricity was con-
trolled by the coarse or by the fine sizes, a series of lubricity measurements was made
on proportional mixtures of the fine (~400 mesh) and coarse (+250 mesh) sizes.

Table 9 clearly shows that the control is in the relative amount of coarser to finer
grains. That is, 2 amall amount of coarse particles added to an otherwise fine powder
has a pronounced adverse sffect on lubricity, whereas a simila® percentage addition of
fine particles to an otherwise coarse grained powder his comparatively little effect on
lubricity, It may be concluded from this study that the removal of the coarser parti-
cles, which tend to be more squidimensional, will improve the slip. On the other hand,
the addition of fines to gritty or granular powders mlku comparatively little
imprcvomcnt.
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TABLE 7. DEVIATION IN PARTICLE-SIZE DISTRIBUTION IN WEIGHT PER
CENT OF TALC SAMPLED AT THE CRANFORD PLANT

Deviation, weight per cent

Deviation, weight per cint

Size (Excludinl Sample 10/ 4/56) (Including Sample 10/4/56)
+200 mesh(3) 0.26 0.39
=200 mesh + 325 mesh . 2. 44 2. 44
~325 mesh + 400 mesh 1.78 1.78
(38 microns)
=38 microns + 30 microns . 8,50 12,85
=30 microns + 15 microns 5.42 10.75

~15 microns 3.72 ' 3,72

wworom.
i

ll
1

() Tyler,

TABLE 8. RELATIONSHIP OF LUBRICITY TO PARTICLE SIZE
Lubricity~-Board Measurement,

Tyler Mesh Size seconds
Unseparated 0.990
+200 . : . 0.889

T =2004250 0.951
~250+4270 ) © 0.980
~270+325% . 1.030
=325+400 ’ 1,043
-400 . 1.099

R e,
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TABLE 9. THE LUBRICITY OF MIXTURES OF COARSE AND FINE SIZES
OF TALC, DEMONSTRATING THE CONTROL TO BE IN THE

COARSE FRACTIONS
Lubricity-Board
Per Cent Fines Peyr Cent Coarse " Measurement, Difference in
(=400 Mesh) ) {+250 Mesh) seconds Lubricity
0 100 . 0.951
. . 000
10 90 0.951
.009
25 75 0.960
.010
%0 50 0.970
v .016
1] 25 10.986
.052
90 10 1.038
.061

100 0 : 1.099%

Further measurements of the sffect of particle-size distribution on lubricity were
made by testing whole powder from which differsnt aize fractions had been removed.
The measurements, Table 10, demonstrate that removal of the fines decreases the
quality of the powder, ‘whereas removal of the coarse fractions improves it. It would
havs to be determined by further tests of beneficiation products whether it is most
advisable to remove entire size fractions or mersly the amall percentage of coarse

contaminauts.
TASLE 10. LUBRICITY MEASUREMENTS OF ITALIAN TALC SAﬁFLlﬁ FROM WHICH SPECIFIC PARTICLE~SIZE
_ FRAGTIONS HAVS BZEN REMOVED
X Represents Ptactions Removed From Whole Powder
U Repressnts Fractions Tested
Lubricley-Board

Tyler Measwement of®) Test Test Whole Test Test
Mesh Sise Size Fractions .1 3 Powder 3 4
+200 0.880 U 4] U X X
~2004250 0.951 U U U X X
~28042170 0. 980 U ¢) 14 v X
~2104808 1.080 X u U ] U
~3254400 1,043 X U U ¢ u
400 1.098 X X u u u
Lubricity~Board Measurement 0,045 0. 983 0,990 1,088 1.088

Increase in stip —»

Appeoximate Weight Fer Cent of 7. 83, 0, 2.

Ammhmlhnovod

{a) Repeated from Tabls 8 for comparative putposes.
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MOISTURE CONTENT

Of considerable importance to the lubricity of talc is its moisture content. This
topic is more thoroughly treated in a forthcoming report. It is important, however, to
note here that an increase in moisture cozntent slows the dsscent of the puck on the
lubricity board and falsely indicates superiox lubricity. All of the Italian talc was
found to contain a moisture content in the hundredths of one per cent. Anslyses of
various sigse fractions show that the moisture content is higher in the fine sizes,
possibly due to adsorption on the greater surface arsa.

MEASUREMENT AND CORRELATION OF OTHER

Surface Area Dsterminations by Nitrogen Adsorption

The relationship of lubricity to particle-size distribution has been shown to be a
matter of friction and surface ares, the finer platelets having the greater gurface area
per unit of weight.

Four samples of Italian talc from Cranford were measured for their surfacse area
using the Brunauer, Emmett, Teller technique of nitrogen adsorption at liquid nitrogen
tempseratures (Table 11).

TABLE 11, SURFACE AREA MEASUREMENTS OF ITALIAN TALC, COM=-
PARED WITH LUBRICITY-BOARD MEASUREMENTS

— o — - » - - = - - o T —

Labricity-Board - BET Surface Area
Cranford ) Measurement, Measurement,
Sample Date - geconds = ° mé/g
9=6~36 . 1.083 3.57
9-12-56 1.030 : 3.18
9-19-56 . 1l.028 . 2.93

10-4-56 T 0.982 . 2.26

The tests show a relationship betwéaen surface area and lubricity, the samples
with the greater surface area also having the larger lubricity measurements. The
values are believed to be accurate to within 5 per cent.

Average Diamseter of Particles

An easily operated instrument for rapid particls=-size determinations is the Fisher
Subsieve Sizer. The instrumsent measurss average particle sizs by determining the
resistance to the flow of air by a weighed saraple of powdsr under standard packing con-
ditions. On the basis of the principle that a fluid meets lass resistance to flow while

»
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TABLE 12, COMPARJSQ!& OF THEORETICAL AVERAGE-DIAMETER
MEASUREMENTS AND SPECIFIC SURFACE TO LUBRICITY~

BOARD MEASUREMENTS OF CRANFORD SAMPLES

Lubricity-Board
Cranford Measurement, Theoretical Average(b) Specific Surface,
Collection Date seconds Particle Diameter cmz/L
9-6-56 1.083 2,60 8392
11-6=56 1.053 2.65 8233
9-12-56 1.030 2. 60 8392
9~19~56 1.028 2. 45 8905
10-18-86 1.028 2.60 8392
8-10-56 1.021 2,80 7192
9-27-56 1,017 2. 80 1192
8-28-56 1.007 2,75 1934
10~29~56 1.006 2.80 7792
10-4-56(a) 0.982 3.30 6612
8-~20~56 0.971 2.90 7524
10-12-56 0.968 2.90 7524
12-22-56 0.965 3.10 7038
11-30-56 0.952 3.30 6612
11-15-86 0.936 3.20 6818

- ;e

() See comment under “Particle Size Distbution in ltallan Talc”,
(M Determined on Fisher Subsieve Sizer,

BATTELLE

Protected Document--Bubject to Protective Order

MEMORIAL

INSTITUTE

JNJAZSE_000001



17

penetrating a bed of coarse particles than while penetrating a bed of fine particles, a
figure is derived which disregards the shape of the individual grains, porosity, size
distribution and other variables. Inasmuch as the average diameter figurs represents
a theoretical sphere, the data are of relative rather than actual value. Average diam-~
eter measurements made on the Fisher Subsisve Sizer aré shown in comparison with
lubricity measurements (Table 12), demonstrating the correlation of small average
diameters to talc with the larger lubricity measurement and larger average diameters
to talc with the'lower, less desirable, lubricity measurements. A clear-cut correla-
tion of the theoretical average-particle~diameter measurements with the lubricity=
board measurements is shown in Table 13.

TABLE 13. RELATIONSHIP OF LUBRICITY~-BOARD MEASUREMENTS
TO THEORETICAL AVERAGE DIAMETERS ON SIZED
FRACTIONS OF ITALIAN TALC )

I3 M 1A 23 P Y& Bocamom

Lubricity-Board

Theoretical Average
Measurements, Particle Diamester,

Tyler Me sh Size geconds microns
Unseparated 0.990 2.60
+200 0.889 7.40
~200+250 0.951 3.60
-250+270 0.980 2.50
~270+325 1.030 2.35
-325+400 1.043 2.25
2,10

-400 1.099

————————

() Detemmined on Pisher Subsieve Sizer.

) sPaciﬁé Surface Calculated From Average Diameter

The average particle diameter ag determined on the Fisher Subaieve Sizer may,
by use of a simple equation, * be expressed in terms of specific surface in square
centizneters per gram of dry powder, This is a simpler, less expensive method than
nitrogen adsorption. ¢ Specific surfaces, -as calculated from the average-particle~-
diameter measurements, are presented in Table 12 in comparison with lubricity. The
calculated specific-surface figures, because of their derivation from average-particle-
diameter measurements, are inversely correlative with particle size. The samples
with the greater specific surfaces are those which imnpeds the slide of the puck on the
lubricity board, and which have better slip, while ths samples with the smaller specific
surfaces, those containing the larger particles, are the samples permitting faster
descents of the puck on the lubricity board.

As in the case of the average particle~diameter measurement, the gspecific-
surface calculations represent theoretical spheres which, since the powder is composed
of platelets, are of relative rather than exact valus:. Whereas the surface area as de~
termined by gas adsorption is relatively exact, the value of the surface-area figures
derived from the theoretical average-particla~diameter measurements is purely
comparative,

2/9) = 8 x j0d
Sspectfie surface (em2/g) sverage BlEEET (7) ¥ 1o FTG) .
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The relationship of specific surface to the lubricity of sized fractions of Italian
talc is presented in Table 14, which shows that the fractions with the better lubricity
also have the greater surface areas.

TABLE 14. CORRELATION OF SPECIFIC SURFACE AND
’ LUBRICITY~-BOARD MEASUREMENTS OF
-SIZED FRACTIONS OF ITALIAN TALC

——— —

Lubricity-Board ~
Measurements, Specific Surface,
Tyler Mesh Size seconds cm I!
Unseparated 0.990 ) 8392
+200 " 0.889 2948
-200+250 0.951 . 6061
. -250+270 0.980 ‘ 8727
- =270+325 1,030 9284
-325+400 1,043 9697

=400 1.099 10390

Borosity

A menuroment of porosity, independent of the other measuremsnts, may be
made on the Figher Subsieve S8izer. The porolity figure represents the ratio of voids
to the total volume of the packed sample, in a range of 0,40 to 0, 80. Inasmuch as part
of the test involves a manual operation, the results are subject to a human error. The
porosity figures, howsver, are veproducible through the second decimal place. The

* range in porosity, 0.448 to 0.490, detarmined on the Cranford samples, is a relatively
small rangs and should, by its close limits alons, be of assistance in evaluating Italian
talc (Table 15). The more porous powders, those with the greatest amount of asym-
metrical, platy grains, are also those with the larger lubricity-board measurements,

. hence the batter slip. Correspondingly, the samples with the lower porosity, those
containing the greater amount of equidimensional grains, are the powders which have
the lower lubricity-board .measurements.

Table 16 shows the porosity of aived fractions of Italian talc as compared with ita
lubricity~board measurements. The porosity is clearly shown to be less in the coarser
fractions with the poorer alip and greatsr in the finer fractions.

BATTELLE MEMORIAL INSTITUTE
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TABLE 15. POROSITY, BULK DENSITY, AND LUBRICITY
OF CRANFORD SAMPLES

: : Lubricity-Board
Cranford - Porosity Bulk Density, Measurements,
Collection Date Ratio 1b/cu £t seconds
9=6-56 | 0.490 22,942 1.083
11-6-56 0.480 . 22.958 1.053
9-12-56 0.475 23, 259 1,030
9-19-56 - 0. 456 23. 437 1.028
10-18-56 0. 452 22.860 1.025
8-10-56 0. 460 .32 ' 1.021
9-27-56 0.464 23.096 1.017
8~28-56 0. 470 22. 642 1.007
10=29-56 0.461 22. 491 1.006
10-4-56(2) 0. 475 24. 061 0.982
8-20-56 0. 460 23,756 0.971
10-12~56 0. 455 23. 429 0.968
12-22-56 0. 452 - 22,616 0.965
11-30-56 0.448 22,728 0.952
11-15-56 0. 450 | 22.583° 0.936

— e oo = oo o 21 i O i — 111 o g O it

() See comment under “Particle~Size Disribution fn Italian Tale",
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TABLE 16. CORRELATION OF POROSITY AND LUBRICITY-
BOARD MEASUREMENTS OF SIZED FRACTIONS .
OF ITALIAN TALC .

e » .
Lubricity-Board
Measurements,

Tyler Mesh Size seconds - Porosity Ratio
Unseparated 0.990 . T 0.448
+200 ' 0.889 0. 401
~200+250 0.951 . 0. 426
-250+270 0.980 0. 439
2704325 ) - 1,030 , 0. 4456
-325+400 1.043 0. 442
~400 1.099 0. 455

Bulk Density

The, bulk density of ground talc may be measured on a Scott Volumeter. The
Cranford talc samples were found to have bulk densities ranging between 22 and 25
pounds per cubic foot. Table 15 lists the bulk densities of the Cranford talc samples.
The bulk-density measurement is not precise enough to accurately compare small
differences but is valuable in establishing & range of acceptability. When sixzed frac-
tions are tested, the bulk density is seen to have inverss relationships with porosity
and specific surface and to have a direct relationship with average particle size. Thus,
as shown in Table 17, bulk density is inversely correlative with lubricity as a function
of particle size. The coarser fractions, with peorer slip have the higher bulk density;
the finer fractions having the lower bulk density. The relationship of bulk density,
moisture content, and lubricity is presented in a forthcoming report.

TABLE 17. THE RELATIONSHIP OF BULi{ DENSITY TO
LUBRICITY~-BOARD MEASUREMENTS OF
SIZED FRACTIONS OF ITALIAN TALC

Lubricity-Board
Measurements, Bulk Density,
Tyler Mesh Size seconds Ib/cu ft
Unseparated - 0.990 ' 23.030
+200 ’ 0.889 34. 261
~200+250 0.951 . ) 26,645
«250+270 v.980 ° 20. 721
-2704325 1.030 - 19.335
~325+400 . 1.043 19.139
-400 ' . 1.099 16.894
BATTELLE MEMORIAL INSTITUTE
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CONCLUSIONS

Because this study represents but part of the picture of evaluating acceptable tale
by means of its physical properties, it is not posasible to stats final conclusions without
qualifications. Several relationships between physical properties, however, have been
established for acceptable Italian talc and the range of their variations have been
measured. A forthcoming report including studies of other physical properties wiil
add to the picture and will indicate the courss to follow for beneficiation of the Italian
tale in ordcr to improve 1tl physical proportiu.

The physical properties of the Italian talc samples have been measured and the

following ranges in values wers obtainsd:

(1) Contamination: from less than 1 to more than 3 per cent.

(2) Crystallographic habit: more or less constantly 90 per cent platy,
10 per cent fibrous.

(3) Lubricity-board meaaurd‘tncnt: from 0.936 to 1.083 seconds.

{4) The ratio of voids to total v:olumei from 0.45 to 0. 49,

{5) Theoretical average p.articlo diameter: from 2. 45 to 3.30 microns.
(6) Bulk density: from 22.49 to 24.06 Ibs/cu. ft.

(7) Specific surface: from 6612 to 8905 cmz/g.

(8) Moisture content: hundredths of one per cent.

(9) Particle-size distribution:

+200 mesh 0.47 to 1.22 per cent
~200+325 mesh 3.42 to0 8.30
-325+400 mesh (38 microns) 6.77 to 10.33

=38 microns + 30 microns 40.02 to 65.72

=30 microns + 15 microns 10.23 to0 22.08

<15 microns - 10.78 to 18.23.

Physical measurements on sized fractions of Italian talc showed the coarser
particle fractions to have lower, less desirable, measurements on the lubricity board
and the finer fractions to have the larger, more desirable, measurements. The sized
fractions with the preferable lubricity were found to have the higher porosity and
specific surface and the smaller particle size and bulk density (Table 18),

Lubricity-board studies on Italian taic fabricated to particular size distributions
show that the lubricity is controlled by the relatively small amount of comparatively
larger grains in an otherwise finer mixtare. Lubricity-board studies alsc show that the
lubricity of the Italian talc may be improved by the removal of the coarser size frac-
tions. This is not a simple matter, howevsr, as it involves the variation in size of the

" abrasive particles.
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23 and 24

Measurements on flotation products show ‘that the removal of the small per cent
of contaminants improves the lubricity of the talc .

The physical properties of the Italian talc can be improved, with the'lsast possible
loss of sample, by removing the mineral contaminants from either the coarse fractions

or from the sample as a whole. This appears to be one clear cut course to follow in
improving the Italian talc.

(The original notes on the hboratory work described in this report are in Battelle
Laboratory Record Books No: 12667, pages 1 thfough 71, and No. 13034, pages 1
through 77. The work was dono in the poriod from Novombor 7, 1956 to September 30,
1957.)

BIBLIOGRAPHY
{1} Sclar, C. B., et al., "A Review md.Appruul of the Litarature on Talc Deposits
of the United States', Battells Report to Johnson and Johnson {May 11, 1955},

(2) Sclar, C. B., et-al., "An Investigation of Selected Talc Deposits of the United
States', Battelle Report to Johnson and Johnson (February 29, 1956),

(3) Smith, W. L., and Snider, R. H,, "Investigation of the Salgada and Cass Nova Talc
Deposits of Brazil", Battelle Report to Jobnson and Johnson (May 28, 1957).

(4) Smith, W. L., Letter Report to Johnson and Johnson on the Talc Deposits of
Madoc, Canada (July 25, 1957),

WLS:zx

BATTELLE MEMORIAL INSTITUTE

Document-Subject {o Profective Order JINJAZSS_000001060




N .

" omt

APPENDIX A

BATTELLE

otected Document-Subject fo Protective Order

MEMORIAL

INSTITUTE °

JNJAZSS_000001081




A-]l and A-2 '

APPENDIX A °

The experimental device described as the lubricity board in this report consists
of a-woodeu plaue inclined at 25 degrees, which is lightly, but completely, covered with
talc. The lubricity is determiued by measuring the time it takes a steel puck to slide
over two microswitches which actuate an electric timer.

The inclined plane is made of 6-ply birch plywood, 3/4 inch thick, 6 inches wide,
and 6 feet long. The even-grained wood was sanded smooth to prevent the grain from
influencing the descent of the puck. Twenty-five degrees was selected as the inclination
from horizontal after much sxperimentation which showed it to be the minimum angle at
which a sustained slide could be made on all of the Italian talc samples.

The microswitches are located é inches from each end of the slide, in the middle
of the board, making the measured path a length of 5 feet, The microswitches ars con-
nected to 3 double-pole, 115-volt, Struthers-Berm lock-in relay which actuates a
Standard Electric Time Company electric timsr, The steel puck weighs 226 grams, is
3/4 inch by 2-1/2 inches, has rounded edges, and presents a circular sliding surface
of 1-3/4 inches diameter, Such are obtairable from amusement equipment distributors:
as a piece used in the game of American Shuffleboard. Oue flat surface of the puck was -
ground smooth and polished for the lubricity experiments.

The talc is applied to the lubricity board from a 9-ounce Johnsons' Baby Powder
can until a thin even layer is present over the measured path, The puck is manually
released from a dead start from the top of the slide, 6 inches above the first micro-
switch. For purposes of sliminating errors of freak descents, lubricity is measured

- as the average of 50 runs. The board is newly covered with tale after each 10 iuns,

although no difference in lubricity measurements could be accounted for between those
early and late in a series. The puck was washed in warm water and thoroughly dried
betweaen runs,
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APPENDIX B
PROCEDURE FOR PARTICLE-SIZE ANALYSIS

In a previous report to Johnson and Johnson from hundlo(z) a procedure for
sizing Italian talc was outlined, For purposes of the present investigation, the follow-
ing procedure was developed by D, A. Jacobs of the Battelle staff,

One hundred grams of talc is wet screened at 325 muh with water. The +325
mesh product is dried and dry screened on 2 Ro-Tap for 30 minutes producing +200,

200 x 328, and -325 mesh fractions, The -325 mesh fraction of the dry screening is

combined with the ~325 mesh product of the wet screening., A suspension of -325 mesh
material-is allowed to settle through a 10-centimeter column in a 4-liter beaker to
which sodium silicate has been added in the amount of 1 pound per ton, and agitated for
a period of 10 minutes. The sodium silicate is added to the first 30-minute settling of
each sample only. At the end of the first 30-minute cycle, the supsrnatant column of

. liquid is siphoned off, This liquid contains the -15 micron fraction, Four cycles are

required to remove the -15 micron fraction entirely, Another series of 4 cycles with
settling times of 5 minutes produces the 15 x 30-micron fraction, which is siphoned off,
plus sands of 30 microns x 325 mesh, The sands are dried and dry screeuned at 400
meseh on a2 Ro~Tap for 30 minutes, producing 325 x 100.mesh and 400 mesh x 30 micron.
fractions. The sizing flowsheet is presented as Figure B-1,
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FIGURE B~l, STANDARD FLOVSHEET FOR SIZING OF TALC SAMPLES
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