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Synopsis

Sampies of. talc'submitted by Johnson and Johnson Ltd. have beeﬁ examined

by 2 number of phy31cal techniques to characterlza the powder and identify any -
impurities. Examlnatlon in both the scannlng electron mlcroscope and the
transmission electron mlcroscope suggested the possible presence of a few rod=-
shapéd particles as well as the nommel piatelets but non-dispersive analysis
of the X-ray spec%ra end electron diffraction failed to differentiate between the
particles., - - . . » .

" X-ray powder dlffractlon data . suggested the presence of a material other
than talc in a.mou.nts lesa than 1/5 The extra diffractlon peaks could not be
accounted for completely by publlshed data in. the Powder Diffraction File and

the most satxsfactory ooncluslon was that the bulk of the impurities were present
as Bayalltp.l' ’ o
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Table I  X-ray powder Diffraction data

Scanning electron micrograph x 500

582

~Figure 1

Figure 2 Scanning electron micfograph x 500

Figure 3 Scanning -electron microgreph x 10, 000

Figure ) .Transmlssion electron micrograpb x 10 000 .

‘Figure 5 Electron nicroprobe scan for calclum ) )

Figure 6. Electron microprobe scan for alunminium in same area as for Figure 5
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1. - Introduction

Samples of commer¢ially processed-talc (magnesium silicate) from their
Italian source wefe received from Johnson and Johnson Ltd. for a thorough
characterization together with identification of any netural impurities. After
preliminary X-raj U P rendon, sinites Ead suggested that material other than
talc was present at'the’sub-1% levél samples'of chlorite bedroék and
magne site inclusions teker from the Italian mine were supplled as aids to
1dent1f1cat10n. L .

The varlous physlcal methods of examination used were optical mlcroscopy,
scannlng electron microscopy lncludlng non—dlsper31ve‘analysls, transmission

" electron microscopy, electron diffrection, X-rasy powder " dlffractlon techniques

and electron mlcroprobe analy31s.

26 _p¢1cal Mlcroscopy

A sample of the powder was lightly dusted on to'a glass slide and. examined
under low power blnoculars and in a. metallurglcal microscope. As expected the
.maJOrlty of ‘the particles were plate-llke but a few were observed in the form
of rods or needles. In contrast to the maaorlty of the particles which had a
whitish lustre, = fewlwere observed with a 1light green tinge., However, the
- particle size was too small for adequate resolution optically and it was clearly
necessary to resort to electron microscopy to characterize the particles
satlsfactorlly.

3 Scanning Electron Microscopy

3.1 Preparation of Sample

Some powder was dusted on to a specimen stub that had been coated with
2 colloidal suspension of grephite in alcohol. This gave a thin 1éyer of
particles without the formation of large agglommerates. A conducting layer
of carbon was subsequently deposited by evaporation on the particles.

3.2 Topographical examination

Examination in the Stereoscan at maegnifications up to about x f0,000
generally confirmed the results of the optical work. Platelets were
predominantly preseﬁt in various orientations and some néedle-like'con—
figuratiohs were clearly accounted for by plates which were viewed in an
;edge-on' positi@h-and this was confirmea by taking stereographic photographs.
Typical structures obtained ere illustrated in Figures 1, 2 and 3.

3.3 Cheﬁical'analysis,using Non-Disoersive Techniques

Non-dlspersive X-ray analysis wau carried out on a number of particles

u31ng a 11th1um drifted silicon- solld -state detector. No significant
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variation was found in relatlve 1nten51ty of the 5111con and magnesiun
K cnaracterlstlc emlslens suggesting that they were all of similar relative

4compOsltlon. Thls does not, however, prove ‘that .all the particles analysed

were talc for the follow1ng reasons:~ i) there-is no. guarantee that all the
X-ray emission measured was from an lnleldUBl platelet and 11) it does not
exclude the presence of an impurity of similar magnesium/sluminium ratio to
that of tale. The X-ray spectra obtained did notlshow significant emissions

of other metallic elements 1nd1cat1ng the absence of- any major impurity.

L. Transmission electron microscopy o

4.1 Preparation of sample

An equal'volume of talc powder and ; solution of 15% nitrocellulose
in amyl acetate was rubbed on to a ‘glass plate w1th a spatula, This aliguot
was then diluted with acetone and spread over a clean microscope slide
to dry. The dried film was scored into jmm pquare sections which were
floated off the slide on to wate;‘and ﬁicked up with an electron microscope
grid. After drying off on a filter pPaper, a supporting film was then
evaporated over the surface. This yielded e nitrocellulose film in which
the tale platelets were encapsulated with theif-planes lying generally in
that of the film to preclude 'edge-on' effects.

L,2 Morghologi

The platelets in the film were examined in an EM300 transmission
microscope at magnifications of up to x 80,000. This revealed that the
rod-shaped particles which were about 250 R.diaﬁeter and varied in length
up to 0.15mu, could have been platelets which had folded or rolled up, but
this was not positively confirmed (see flgure 4)

L.3 Electron diffraction

Electron diffractzon patterns were ob ained in sztu in the microscope

. from a. number of particles with both types of appearance but no real evidence
vas obtained of a. structural difference between the plates and "rods". Two
d;ffraotlon patterns showed evidence of preferred orientation but this was to }
expecteé from their pature and was not considered to be indicative of any

: ..chemieel difference between the two particles. ' It must be noted, however,

' " that although the method of preparing the sample for examination had been
<chosen to separate the partlcles as much as possible, there was diffieculty
in guaranteelng that completaly isolated particles had been sslected for
dlffractlon.
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5, X-ray diffrection

5.4 Bxgerimehtal~
Some .of the powder was paecked in silica capillary tubes for both X-ray

w2r diffraction patterris and diffrectometer traces, The results showed
‘nce of preferred orientation and this was probably due to the platelets
spning themselves in the silica tube when tapped in the usual way to
concentrate them in the bottom portion. Patterns were obtainsd from two
completely.dlfferent batches of tale supplied by the firm and also
from two mineral samples said to be Magresite and Chlorite, although the
latter was subsequently discovered to be Muscav1te a micacedus mineral,
' The same reflections Were obtalned from both talc samples but some
' differences were observed in the relathe 1ntens1t1es of some reflections.
Since some preferred orientation was evzdent 1n both patterns, these
1nten31ty differences were most llkely due to. sllght variations in the type
" and/or degree of preferred orlentatlon of the platelets in the two samples.
The overall conclusion was that the two talce samples were identical in
nature and that any impurity was due to the same compound or compounds.

The first slxty six reflectlons from the patterns were aelected for
identification and the calculated d—spaclnga are listed in Table I. Of
thesa, all but 27 were satisfactorily accounted for by the available data
on talc published in the Pow&er Diffraction File. This strongly suggested
that an impurity was present to an extent judged to be below the 1% level.
The strongest 'reflections from the samples of Magnesite and Muscavite were
absent in our tale psatterns so that neither could reasonably account for
the impurity reflections, ' ’ )

A check was made of the possibiliéy‘that'the impurity was Tremolite but
none of the extra reflections'agreed'with the published data for this mineral.
There are a wide range of minerais in the Chlorite group which is a distinct
possibility as an impurity since their crystal structure is related to
that of talc and brucite. X-ray diffraction data have been published on

' five varieties and these 'were checked with the tale patters, In the case of
Bavalite (a variety of Daphnite), it was found that 24 of our 66 reflections
sorlld b Beceunted Sor by this forn of Chlorite, although 16 of these were
also included in the published data for tale. Bavalite can contain traces
of alkaline earths, copper, titanium or'manganese but the sample from.which

the X-ray data were obtained was reported to be (Mgo h e, . 2 )(Si2 6Al1 h)

10 2(0}{)7 8°

- 3 .
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5.2 Attenmpts to identify additional reflections

In attempts to prove or disprove that the extra 27 refléctigns
were all accounted for oy a small percentage of impurity, & nunber of
approaches were investigated. A thorough computer search of the Powder
Diffraction File was made to list possible compounds which could account
for the unidentified reflections. Of a whole variety -of possibilities
~ineluding both inorganic and organic compounds, the only three which
?nappeared at all possible were Bavalite, potassium dizirconate K Zr2 5
"and caleium aluminium oxide hydrate, Ca!&l?Ol+ 10d 0. In the case of
the dlzirconate, the talc petterns account for only two low angle lines of
medium’ 1ntens1ty and other stronger lines are not present. The two strongest
"lines of the caleium compound could be accounted for by two low angle lines
in our patterns plus.two others at higher angles {where talc reflections also
occur) but that would still leave eleven lines unidentified. On, the basis
of publlshed X—ray data therefore, Bavallte appeared to be the most likely
impurity., ‘
' Since both the talc patterns were consistent with some preferred
Norlentatlon being present in the powder samples, it wes considered that some
. of the extra reflectlona might hava been due to enhancement of very weak
Ireflectlons from tale which Would not be observed in the standard pattern
from-a perfectly random samplq. A computer calculation was made of all
possiblé reflaqtiéps from telc assuming that the Published-crystal structure
was correct and on fhis basis, a further 16 of the 27 unknown reflections
. in the tale patterns could be satlsf&ctorlly indexed.

6. Electron Microprobe Analysis

,As the X-ray diffraction data strongly suggested the presence of an impurity

_ which could rot be. identified unambiguously as Baval1te, a limited amount of
electron microprobe analysis was considered worthwhile. The sensitivity of

this. 1nstrument for detectlng lmpurlty elements is significantly better than that
. of ‘the scannlng electron microscope and these could have been missed in the work
described in’ Section 3.3, The seven elements selected as being most representative
©of the likely impurity msterials were fluorine, potassium, calcium, nickel,
aluminium, iron and chromium. fhe last four of these might be expected if some
variaties of Chlorite were present, célcium fgr‘Tremolite, calcium and iron for
Actinolite aﬁd célcium, fluorine and potassium for Apophyllite. The presence of
‘iron and aluminium would substantiate the possibility of Bavalite.
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A semple of the talc was sprinkled on a bakelite disec to giye as even a

layer as possible and a search was made for each of the seven elements listed.

though the level of* the characteristic X-rays for iron was very close to that
of the background, there was a.possibility that iron was present in a very
low concentration throughout the sample. A4 few discrete areas were found in
which calcium and aluminium were detected together as shown in Figures 5 and 6
but the origin of the characterlsulc X-rays from these two elements could not
be traced to individual® ‘particles as the lateral and depth resolution of the
electron beam was much greater than the average particle size. None of the
elements’flgorine{ potassium, nickel and chromium were present at the level
of sensitivity which was about 100 ppm. .The results were therefore inconclusive

although not 1ncon51stent with. the pOSBlblllty that Bavalite was the major

impurity.
T Discussion

The main ev1dence for the presence of an impurity in the talec samples comes
from the X-ray dlffractlon data which shows sone 27 reflectlons in addition to
thosezlnclgded 1n3tpe.publlshed information. Just over half of these extra
reflections,cgn'bé accounted for By assuming that some weak reflectioné, not normall
of significance for a;faﬁdomly'oriented sample, are enhanced due to preferential
type.bf packing the flakes in the'silica tube. This still leaves some reflections
completely unaccounted for by tale, the strongest of which agreed with the

"publlshed data for Bavalite. This mineral is said to oceur in the form of sheets
and to be greenish in colour which would be consistent with the observations in
the optical microscopé;' Since neither the transmission or scanning electron
microscopy vas able to distinguish between the rod 1ike particles and the platelets,
it seems probable that these were folded platelets as postulated. The limited
electron microprobe analysis carried out indicated that celcium and aluminium
occurred togéther at the impurity level 'in the éowﬁer and that traces of iron were
also present. This would also be consistent with the presence of a small
concentration of Bavallte if some .of the magneslum were repleced by calcium as is
known to occur in- sone varletles. Other p0551ble explanatlons of the extra
reflectlons in our X-<ray powder dlffractlon data are (a) that the published data
on mlneral talc is incomplete or (b) that small concentratlons of impurities such
as calcium and sluminium are present in- the talc and give rise to the additional
11nes by sllghtly modlfylng the crystal structure.- Nglther_explanqtlon seems
acceptable and ‘the possibility of” Bavallte being present in an amount less than
1% appears more likely and to fit all the observations.
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8., . Conclusions - _

. Thé.two"samples.0f4talc examihed_are'essentially the same and contain a
comaon impurity present in an amount less“tban 1%. 'The.extra reflections in the
X-ray powder péttern not accounted fOr'by talc ére conaistent with the impurity
being one form of Chlorite known as Bavalite. '
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Table I X-Ray Powder Diffraction Data ‘ 5o

Data from Diffractomete: - Data from Powder Diffraction
Trace : File
. . P.D.F. 19-770 P.D.F. 7-166
i R AN A Pty
as 13.9846 13 T k0 60
9.3585 100 . 9.35 100
W 8.61 30 M o ‘
L 8.1539 R B
i wo T 74367 . 2- A
; s 70m8 0 on .- 7.08 100
'i . 6.5298. R : - ‘ _ ; iy
_ ‘ 4.6756 © . 8L . - . L.67 8 L.6B1 30
! 45428 44 - .. L.s6 25 "
@ ' w328 - 8 . k.33 6 ;
L. L
L1235 3 o bai2 . 6
38750 - ita o 3.87 2
3.5366 - - L9 - _ 3.52 <2 3523 50
- 3.4386 .. . 3 - - =
» 3.3337. 0 7 36..
= 3.2867 - 3:"
. 3.2456 4,
. 3.192 e o
3.4125 . B9 342 40
. 2.8883 - 37 e
- 2.8330 . 18 2,821 10
we 27993 4 -
. T 2.7279 " : .
2,625 2. . 2627 8 2.649 30
. 2.5887 .5 2,589 - 44 . 2.57% 20
. 2.5321 I T e, R ‘
2.4747 10 2,479 30 2169 10
_ 2.4200 2 S 205 20
2.3394 .36 L 2,337 2 '
2.2769 4  2.289 2 2,279 10
2.2116 3 2.219 6 T
2.1H10 3 2,188 2
2.0987 1 2.086 2
2.0668 1 2,07 2
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: - . ' .' 599

. Data from Diffractometer Data from Powder Diffraction
O Trace " File :
’ 4 spasives  Swtensiby - p.n.g;lw-??o P,g.F. 7:166
(observed) % of strongest " il y o« a-ﬁ!&l-i—al
» - 2.0284 S ¥ R T 2.014 20
. 19997 4 . |
1.9786 R C1.967
1eHT79 1 1.924 2 1.893 5
1.8697 - - M. 1870 '
. 1.8173 ' 1 B ' ' " 1.828 5
. 1.7857 1 1.765 .5
4.7338 2 1,731 40 1.722 5
- 1.6879 7 "1.68L .
1.6115 - 8 14668 6
1.6529 4 4.65, 2) 1666 5
. 1.5777 . 1 | R
1.5573 56 4.558 2 g 4,560 20
1.5618 i 1.540 <2 . _
| 1.5268 W 4.529 . 55 ° 4.525 40,
o0 . 14764 1 : s T 183 5
0 1.4650 .2 . :
- 14473 .2 .
e 1.4338 .5 s 1.427 5
1445 7 ERRYSE TN 1015
13958 12 1.386 - -k 1.393 5
1.3858 42 1,376 20 - -
123354 W8 1336 .27 1.339 5
1.379 - 1 . 4.M8. - 8 ' ‘
102945 -2 ©1.295 0 40
142500 KR 14255 ¢ 2
“1e2411 2 Lo1.243 2
1.2383° LB Lo1e233 2 co
1.2230 . 6 S 419 < 2 4.228 5
1.1828 4 " 1.487. & ' '
1.1688 10 ‘1.169 2
" @ Accountsble on. computer—-calculated pattern for TALC
#0 [Inaccountable on basis of TALC S
N.B. Calculated TALC pattern did not extend below d= .609
-2 =
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FIGURE 1. Scanning Electron Micrograph x 500
FIGURE 2. Scanning Blectron Micrograph x 500
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FIGURE 3. Scanning Electron Micrograph x 10,000

FIGURE 4. Transmission Electron Micrograph x 10,000
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FIGURE 5. Electron Micraprobe Scan for Calcium
'
FIGURE 6. Electron Microprobe Scan for Aluminium in Same Area as Above
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