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) ® } INTRODUCTION
.:-u.. N ¢ E- .
i This r;poz:t covers methods that have been developed,: are presently
belng used, oriare being investigated by the Colorado School.of Mines '
Research Institute relative to the examination of talc samples. The main
emphasis of this study was to develop methods toaccurately determine the .
. mineralogy, particle size, and particle shape distribution of finished prod- i,
:, " uct talc samples, . .
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[

MIGROSCOPE TECHNIQUES

A Lextz pol.a.rlzlng microseope is the mleroscoplc tool used in the

examinatlon of ta.lc sam@).es. The lens system of the pola.rlzmg mlcroscopg
ls in many. respects slmihr to the lens system of the usual compound mlcro-'

s::oper but has séveral modxficatlons such as: - (1) polarleng devlces, both

e

PURY ol

.

abovs and below the atage. @) a rotating luga. s,nd (3) aceessorles suchas '

a mica plate, a gypsum pute, and a qutrtz wedge (ete. ) Thls type of

mlcroscc»po is extansively used to a:umine mlnanl fragments, smau crys- -

) tals (ete ) It is extremaly usaful in the datermination of optica.l properties .

of individual crysta.ln, qucnl usochtions, and size and shape of mineral’ '
grains, - L

'I‘he microscopic procodures hnreln outnmd were all per!ormed a.t

SOOX inan lndsx oll having a refnctive index of 1. 600.- ’Ihls ou was chosen . .

L bacum the refractive indpx o! the a a.nd b axis of the platy tale examined

approached 1.590. When the lndox of the oﬂ. matehea that of the znineral

. *being observed the mineral is not visible in ordlm,ry light. The apread of
. 0.0l batween the 1. 600 oil uud and the 1. 590 of the tu.le made the tale mm-_ .

) _' erc.ls barely visible in ordlury light, thus Ia.eum.tlng their identxﬁeation

) extinction n.ng'l.es. birefringence (otc.) mro o.l.so used for mineral identmca.-

! tlon 10X ocula.rs were used m all ltudios. ‘Cne ocular contamed a cross :
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-'I‘he other nonte.lc minerals’ were clearly visible due to observa.ble negatl.ve '
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" hair and one contained a gradua.ted sca.le that was calibrated from a-stage

/ " ' : .
micrometer. . ;f

The lower resolutlon limits of our bptical mlcfoscope is approxi- ’

: .
mately 0.5 microns, there.l’ore all duta procured refers to particles above '

that slze

. SAMPLE PBQO(IJNRé!MENT AND PRE?ARATION FOR . o g
’ ) OUNT . ) '

Many attempts were madeto Qpnt‘a. ropx"_uet{tative'sdmx;lé' t:rong a8

) . standard finished product (-325 mesh, Tyler) using n. varlety‘ of s.tandard " < e

. sample lplttting' devices. None were utisnctory due to severe austi'ngl and )

) - material caking pro’olaxns in the devices. It was found that a smul sample .:' "

. - procured from 4ear the eanter portion of the submitted so.mple proved the °

best n':ethod fqr obta.ining & roprenntativa sample for microscoplc apalysis. - .

Assays have shown this type of n.n:;xpnnz to be representative. -

to ; ! The prcpar-atl'on of the um’p:l.o for niicrogcopic oxa.minitlon,cm be . . L

. * out¥ined a.a follows: '

s 1‘.- C 1. Place a clea.n. dry stmdard glass mj.eronope slide on a8 nat
aurrace. It is extremely lmportant that the- Bllde bo washed with acetonse or’ :
alcohol and wiped clean with a tiuue that will not leave adherent.fibers on .
the slide. . .

i- " 2." Place one drop of the '1. 600 yefractive -index oil near the cente'r_
| ':lofthoslide - IS

E .\ . : s. Place the-tale so.mpie in the oil and pntly stir the, slurry until '

T

o y the particles are evenly dlstributed by visual observation,

J 000008084
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; * 4. Place a clean, dry 2 em x 2 cm glass cover glass onthe . |

. _slurry of oil and tale. h ‘ ._
i

) . . & standard mechanical stage mechamlm to control the amount o! horizon-
I

5. Place the sample on the rotsting m;croscope ata.ge containing

tal and vertical movement during the microscopic examinatmn.
6.  Calibrate the mcchanlcal stage so that the entlre 2'cm x z cm

L L : cover glass area will be truvorscd during the 500 grain polnt count.

7. Adjuat the microscope lights in such a manner that will produce

[}

. T . ) 'tmnsmitted light, It was found blue filter between the ught source s.nd the

'sample produces better results in regard to mineral idcntizication (etc.), :
' 8. Obscrve the n’mplo nt IDOX. it wﬂl become apparent upon close

obsomtion tha.t many plam wm bc standing on edge givlug the. effect of

G
- . ' neodles

e

;' 9." Witha dissecting needle gently touch the cover glass. . 'I‘his wm
: usually cause the platea to ro&tc a.nd lc,y flat, Much ccution must bc used in - ?
.. this procedure that no extrcmo downward ox.rtion be nppucd. Too much -;
: 1 = dovmward exortlon wm cause's :qmzing effect and many partlclu will be
_movsd to the outlido of the cover;glass. : _

' 10, Now observe the sample at 500X and move thc slide 50 a8 to B
'étart the examination at one corner of the cover glus Using the intnrvals
idetermlned in No. 6 (above) move thc -ud. c.nd make dctorminations of the _ .
/puticlc under the cross hair at ecch movement im:e:rvs.l.I . ‘

11. It may bc ncccsnry to use the dissecting nccdlc occa.ss;.ohauy

throuchout the cxamination to touch the cover a'la.u to help orieit the’ gralns .

= v

Again much caution m\ut be usod 80 as not to produce a “squeezing cffcct.
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® t ;MINERALOGY

Each particle exa.mined u tdentmed by using standard opti.cal
] techniques and pla.ced in one of the Iollowlng categories, (It is advisable
to make tables simllar to the one shown in Figure 1 to record all data..

E‘nough of these sheets are necesury to accommodate 500 grs.lns )

-

1. Plates (ta).c and/or chlorlte) «= Particles that could positive)y .
be identified as plates. -

2. ‘I‘alp‘ Shards -~ These are ti'zin pleces that could 'deﬁnitely be
defined as bein'g pleces'i:rokan off of Pplates. This entails a very detailed : ,
.study of each piece to dehrmlne ie ra.ggad edgu {etc.) are prasant. These . ',;,;
| . particles have lenzthlwldth mtiol ots 1orless. ' . . . . M
| 3. Tale Needles =- Theu are po.rticlos that have (a) parl.ucl extinc- T
tlon; -(b) re!ra.ctlv.e indices appmehmg 1. 590, and gc) lengthlwidth ratios _
'_greaterthanszl. f! o . o , Py
4. " Nontale Noodiosf -- These are partié)..'es that had:- (d) ;ionpa:rili;f ) .

. extinction, (b) refractive indices above or below the 1, 600 ou used, and (c) T ", .
' lengthlwidth ntios grutcr than 5:1, . ‘ '
5. Quartz -~ Thl‘.s mimml was idnntmcd by stahd:.rd optical tech-

nigques. . - o . . . ' .' -

6. Carbonste -- This mineral was identified by standard optical
't . .. ’ ‘ !
i uehmquas. . o : o -

l . '- ' 1, Dumond-Shapcd Paruclu - "mwsc ure mlnute (l-zp) particlaa
~' that are doﬁnitely dhmond sh&ped and have rqfrgctivo’ indices a.bove 1. 600. -

. - These were tentatively identified as carbonate or pyrokenes. :: R o "

JNJAZES_DOOODSOSE
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© ... Figure 1, Typical Type of JTable Uged in Point Count Analyses
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andfor Talc

Non.talc .

Remarks - |

Chlorite Needles Needles

- Fale

Dark

Diamond

Shaped Granular = -

_Shards Carbonate Quartz Opague Particles Masses _Q;hg_z
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.COLORADO SCHOOL OF MINES: RESEARCH INSTITUTE 7.

———s g wates
.

[ 8. '6ther Particles -- These ai';: bﬁelrln}ent paritclds‘ uua'n}"'ln
. the 1, ’([)-0 5 micron range that could not; be positively Ldenti.fled optlcauy )
' j 9. Dark Opa.que == These are a.rtlcles thet do not transmit hght.
." 10. Gmnular Masses -- ’I‘hese are masses of néarly submicro-
scopi.c po.rt!.eles tha.t appear to be tlghtly bound to each other and not merely
poorly dlspersed masses of ﬂna pnrticlu.

roe i

PARTICLE SIZE AND SHAPE

On the table shown in Figure 1 the IouoWing was recorded \mder :
"each mineralogical category noted: (1) m.ammum length of ea.ch.partlcle
observed, (2) meximum width of each particle bbserved:' These 'meé.sur; -;"_

inentl were recorded as direct ocular mlefoineter messurements. 'i'he"y."

3es8.

PARTICLE SIZE AND SHAPE. DISTRIBUTION

The size dintrlbutlon of partielu ll dependent upon the ultunate

mtormatxon desired (shortest dimonlion. area, number of grains, etc.);

P
<~

| The thlngs that have to be docidcd betore makmg the distrihution may be-
tmtuned as follows:

1. What type of slzo data. ls neodcd-

e L

1 .

(a) Size bued upon smallest dimension:

.- (b) Size bued upon 1oneost dlm.ension

e s me

13

- (c) Size bued upon lqua.rc mm or squa.re micron a.rea.

':/i.nthestudy. Lo b

Protectad Dscument-Subject te Protectve Order
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) . : ' A N 1Is the gtudy to.be confin‘ed to individual mineral groups of & b

RV o ’ . C o . T

- combmatlén pt mi.neral qroups 1

3
H

4 Is the data to be presented as number of particles or the per- '
eentage of particles in each category (etc.). ) . Lo S ;‘ .

ln our studies a Pa.ciﬁ.c Data Syatems 1020 tape coznputer was used

1

" for tho eonversion of ocular units to mu!limetera or microns and the, sortlng

. : S
- of partlcles into each size range x-oqulrld. - C - ' "

s .

The dist/ribution of pu-ticles baud on’ parficlo shape lnvolves only

) "" - the ratio of length to width bucd upon thc ocular units; the convcrslon to

mulimetcrs or ralerons is not necunry. Agnin limits must be set o.nd -

. 2 tgo.ln we used e Pacw.c Datn. Systom 1020 com.putar to sort the ra.tlos obtained * ., _;;5

‘. 'i.nto the desired eu.tcgorics. SR ' : .~ oL A, l"

. If the volume or wolﬁxt pcrcont o! mlou: types of gra.ins is deslrcd B

_l'- from opfical- microscopy, ea.re must be oxorclud to insure that the most - ‘ : E

!+ meaningful type of data are obtnimd, If grdnl are simply counted without .
' rega.rd £or their size, thon tho da.ta. are not appucablg to volvme or. wei.:ht

- -perccnt ;na.lysls unlon all of the particlel hwo tho same volumb and spceiﬁc L I,

' -
' gra.vlty. . This may bc N.ustntcd by the following examplé. A ‘sample con= - . . .
o '. . sista of ?. gra.ins ta whlch tmin ‘A hu a vplumc of 100 cubic microns and gram .

l
B - hu.s 8 volume of 1 cu‘bic mlcron.; On the buis of graln count a.lone, each

: 5 Cane .mm com.prl'&ﬂ 50% of the. smple. ‘Howeyer, on a weight b““ there is 1°°

: .timos a8 mueh of grain Ais th.re is of grdn B (assuiming equal speciﬁc . ' _‘ B ;

s ‘mvm“) Idce.uy. tho volume o! e.,eh grain shculd bo measurcd and its -, s

S weight computed from its spocme gravity, - However, this is not practica.l by .. o N
| i
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,. . optical microscopy sinca only 2 gmm dlmcnsions are observed. Tbe . . d
' * best approach, therefore, is to meuure the oburved cross-sectional graln

area for qua.ntiﬂcation of each grain type. Thi.s was, the approach used in

" our determinations of various tale products.

X-RAY ANALYSIS TECHNIQUES _

" GENERAL

Brlndley, 1961, states "‘I‘ho buic pri.nciple undorlying the identm-
cation of materials by. x-ray or by eloetron di.ftnctlon is that each crysulli.ne :
. substance hu. its own characteristic atomic structure whleh diffracts x-rays )

. o or electrons in a characteristic 'p;t'tern. The recogaitioh of the inttern .‘ ‘
éstablishes uniquely the dl!frt.cung substance.” ) . N S _
The two methods of x-ra.y analysis most genorauy used are x-ray _
powdor diffraction techniques utuiztng Y lcumlng ¢oniometer o.nd circular ‘ - '._-
powdcr camera techniques. Bulca.l.\y both methods produce slmllar dats _:' .'
!' although one may be auporior to the other inl certain instances. In'both te_ch:- T *, '

|{ niques a generator of x-rays is needed, In- our studies Cu:radigtlon filtered .

o ! with a Ni filter and a genlomotor se;nni.ng lpnd of 2°/minute were uti.lized .

in the pcwdcr diffractlon, Cu radiation was a.l.so usod it the eircular powder -

i . . S
| camerawork. °. e !

o I POWDER DIFFRACTION 'mcamguns UTILIZING

{

: ! : y e .
.l\ ‘. Inthis process about 0.5 g of n.mpls is preued luto & ntn.nda.rd RN N
) ri ' sample raounting plate. This nmple is thon scanhed, mg a goniometer, at _ i

. . o
! . 2°/painute and the diffracted x-uyl that indicate- "d" spacings (1attice specings)

.
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. . are treeed ona graph that is moving in phase with the speed- of the gonio- . ., v
meter. The advantage of this type of analysis is thet a reletlvely large
sample can be exa.mined This increases the chance ofa representative

sample being analyzed, The dleadventage is that because the goni.or’neter .

4 i m—— .. g— .
. .ot

is ‘moving at 2%/ minute, minor to trace amounts of material .may not be
detected, : . .- ) , . . . : . | .

CIRCULAR POWDER CAMERA TECHNI gUEs - - P

In this proeesa a very small amount ("-‘0 1 g) o! sample 1.: elther ' L T

1 . mounted on the end of & glaes filament or mixed with a materia.l anlsible to

the x-rey beam and rolled into a needle _containing the rmineral frs.gments, or. o v

K packed into & glass caplllasy tube.  This sample Ls then pleced In the center [
’ ' of the powder camersa and rote&ed in the collimated x-ray beam ‘The diffrec-v .
tion llnes In thls technique are reeorded on a piece of strip flm pli,ced on the . * .. . 'i

peripheral inside edge of the camera. The advantage of this method is that - " . { .5

: ] the exposure time can be va.ried, thusly producing a eituetion where very " h

. l . e . ..
. minor amounts of material can be deteeted The dieadventage is thet beceuse o,

H
v

i of the emell se.mple size mueh care must be exereised to assure a represen-
tative eample is being enelyzed. It:ls edvieed that botb. methods be used to i

i : - o
exe.mi;se samples in quesjcmn. ,‘ / .

i . . ".. : . ( R . ."*..
! ELECTRON MICROSCOPE TECENIQUES . - .° -

. .
: ! e e
. - . - .
] . VoL . ..

)
. '.n . ... ’ ¢ . . h . . l",
. .
~ l‘ : |
4 .
. .

¢ The eleetron mieroseope is 3 tool uud to show direetly the morphology

Velemoramimeg. & s

of very small partieled. This technlque & wbually used on flnely dlspersed RS
! material res’t!np‘ on R r-n“hrﬂnr» arhatratn " '
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. . " POSSIBLE USES | . S
& :'0. . H . : . . - :
N-.’ :-

This tool has been used utensively to observe the. morphology of -

submlcroscople particles in varlous samples AIthough some work has :
/'bccn done on the morphology of submlcroqcoplc particles in tclc samples,. ’
| this tool will proba.bly prove lnvalucble ln rcgard to particle sha.pe in the .

o / submicroscoptc fractl.ons o.t‘ talc. Agcln, u ln cireular powder ca.mera -

i analysu, there may be scrious problcms in the procurement of 2 repre- .

T ’ sentative- samplc 1 thc tool is used for smc dlstributlon (etc. )s - This may
be more of & problem in electron microscopy tha.n in powder camera

. analyses sinco & smaller arount of ‘sample is.,md ln,electron m,icroscopy.'.

@( . -~ ELECTRON DIFFRACTION TECHNIQUES

~

= | GENERAL .

"1 Jor diffraction rather than x-rays. The combination of electron diffraction:,
-.'.and thc olectron microscopc providcs Y mqons to I.dcntlfy both the lha.pcs and

i .-crystal type of oboervod pgrticles. It is poulblo to i.solate slnglc gra.im

%
.

S possmwusms R
| ' )

able in the 1dcntiﬁcation o! submloroscoplc po.rtlclcs..

.- l’ B ELEg'rRON PROBE MICROANALYZER mcmucm:s

D . ... . The electron pro'be microanalyzor concopt is an outgrowth of thc
. 1

f " following: (1) ‘electron microscopy, which irtroduced teehnimwf: 2

Protected Document-Subject to Protective Order

J . . i . K . '.'-. o
This technique is similar to x-ray diffraction but utilizes electrons

. a.nd do slngle crys tal alectron’ dl.f!rcctlon cmlyses to idcntuy indivldua.l gralns

Thls tool coupled with the electron microscope, could prove invclu- .

“‘&_-:.‘

O
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contromng el.ecfron bea.ms, (2) x-ray sp@ctroscapy' which provides a

'. ‘ relatively simple lnstrumenta]. method for chemlea]. analysis, and (3) hght
op’cica.). miero:aeopy, which provides for vlewing a apecunen and visually

-solecting areas for analysts.

SR POSSIBLE USES :
' Since this toclmlqm is cnpable of maklng nondestructive. chemica.l ;
analysis on particles down to a.pproximately 1 micron in size it can be very ol
o usefu!. in chemictuy mlyzing :mall particles The technlque is also cap- . - 5
ublc of making 1 micron wide lino gcans a.enoss particles to determine com- ,
positloml variations. A visua.l, display, showing the distribution of varioua ) ) ‘ N
' cloments over selected areas of x speclmqn. can be provlded Photographs T E h f.
~ 0+ ofthe elergz_entp.l distribition can bé made for p.ormanent fecords,
- .: : .' S " Ny
: ' , Nomcaoscomc 'rmcmz UES 'I‘ODETERMINE - "
L d . ' 3 , :.) ).
s, - ' ) * ‘ f. " : R n "- .uio.
cmNERAL _- L _— . . . P
[ .'I . e "i.
: I"’ ' The ponlbmw of- uize distrlbution mlysu ‘of ulc uslng nonmlcro- .
‘ ' scoplc memods hu been S mtter of mueh debatc and examinatloa. nght ' Ralt ! N
‘. ' . / .7 Jon”

optical m‘le&'bscoplc mothcds of parti.ole :lze o.nd shape dlstributlon is

theoretleauy accur&te but 1\‘. ls time consummg md ls umlted to particle size

‘tbove0‘5m1eron. . . L .i " J Ca
) ‘s ' Many l:ypcs o! ptrticle size and lh’l:pc methods h;ve bcen exa.mined . ' '_ %
). ; . . and m.ost eontuln n‘umerous pltfa.ua ‘In regs.rd to ltanda.rd sedlmcntauon Lo

I . ¥
. (Stokha law), pnrticle shape, dlﬂorentm particle sizes, a.nd tomperature
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[ [ -

.. . play fauch a critical role that the validity .ofl reeul.ts is d'eljaatable.l Studie_ ) f

at C‘S;MRE haw}e tndiceted that even thé most gentle‘ dieparsion and cent.ri~ o .
. fhge techniques tend to produce fines in talc. Some methods have been

'_ hvestxgated that do not involve agi.tat!.on (ete. ) These methods basicall.y
{nvolve mounting a apeci.men on verious media ahd scanning them with -
Various light or radiation sourcee. These methods appear most usable at

this point in timé but one major drawback can be recognized. As was men;'

P LU

tloned in the section on light microeeopic examination of tale samples many
5: the talc'plates tend to stand on edge giving the shape effect of needles..

_. These particles are proper).y orlented 1n the light optica.l mlcroscopic axam _ f. '
'mn.tion before meesurement. It is debete.ble i thu degree of proper ori.en- o $
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tation can be achieved in the’ slzing devices mentioned a.bove.
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