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Assrnacr
A procedure has been developed for the direct microscopic determination of the thickness and planeness of both opaque and nonopaque platelets which constitute fine powders
ranging from a limiting size of 100 mesh to a nominal size of 5 miirons. The procedure
consists of (1) orienting the platelets by dusting the sample over the meniscus of an epoxy
resin, (2) sectioning the resultant catalyzed resin mount normal to the meniscus and, correspondingly, the broad faces of the platelets, (3) remounting the sectioned block in additional resin to protect the thin layer of oriented platelets, and (4) polishing the sectioned
face for microscopic examination in incident light.
The thickness of the platelets exposed on the polished surface of the mount may be
measured with a micrometer ocular. The error in the measured or apparent thickness due
to deviation of the platelets from the preferred orientation should typically be less than
15 per cent of the true thickness. The planeness or unevenness of the broad faces of the
platelets may be assessedby visual inspection of their outlines on the polished mount.
These outlines are the profiles of the platelets observed in a direction parallel to their
principal planeThe possibility of extending this method to include the direct measurement of the
thickness of platy clay-mineral particles by means of the electron microscope and replication methods is under studv.

IurnooucttoN
Many properties of finely divided materials are dependent on the
shape, dimensions, and surficial roughness of the constituent particles.
Accordingly, the industrial mineraiogist is frequently requested to evaluate these characteristics. If the particles are roughly equidimensional,
their diameters may be measuredand the shape and roughnessof the
grains ascertainedwith either the light or the electronmicroscope.When
the particles are either platy or lath-shaped, however, the problem of
measuringtheir short dimensionand of assessingthe roughnessor relief
of their broad faces becomesformidable.
This paper is a description of a procedure by means of rvhich the short
dimension and the planenessof both opaque and nonopaque platelets
may be directly measuredand assessed
with the light microscope.
Crassrcer Mrcnoscoprc METHoDSloR MEASUREMENT
oF PLATELEI
TurcrNess ANDAssESSMENT
oF PrarBrpr PrnwrNBss
GenerolDiscussion
In order to measurethe short dimension of platy particles the platelets
must be oriented so that their short dimension lies in the plane of the
stage of the microscope. This type of preferred orientation is virtually
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impossible to obtain by conventional techniques for petrographic examination and the usual procedure by which opaque particles are
mounted in Lucite, Bakelite, or other suitablemedia so that they may be
polished for microscopic examination in incident light.
A high degree of orientation is obtained with slandard immbrsion
methods, but the platelets are then oriented with their short dimension
parallel to the optical axis of the microscope.A discussionof the applicability of classicalmethods for determining the thicknessand planeness
of nonopaque anisotropic platelets in this orientation follows.
ChaulnesMethod,
In the Chaulnesmethod (Winchell, 1937, pp. 75-76,84-85) the true
thickness of the platelet is the product of the apparent thickness, as measured on the micrometer screw of the microscope,multiplied by the index
of refraction of the platelet. The platy particles of most micaceousminerals oriented with their short dimension parallel to the optical axis of
the microscopehave a birefringenceof section which is less than 0.01
(Taylor, 1948).As a result, the intermediate index of refraction (6) -ay
be used in the Chaulnes formula without significantly affecting the calculated thickness.ft appears,therefore,as though the Chaulnesmethod
should be suitablefor the determinationof platelet thickness.fn practice,
however, the usefulnessof the method is limited becausethe surfacesof
the platelets in sized fractions obtained by wet elutriation methods are
essentiallyfree from microscopically visible surface dust, and it is almost
mandatory that subsieve powders (those passing a 325-mesh Tyler
screen which has an aperture of 44 microns) be closely sized if reliable
quantitative data are to be obtained. The absence of fixed reference
points (dust particles) on which to focus leads to confusion in regard to
the critical selectionof the upper and lower surfacesof the platelets.
Furthermore, the diameter-to-thicknessratio of minus 325-meshplatelets
is almost invariably greater than 3 to 1 so that the true thickness of subsieve platelets is characteristicallyless than 15 microns. Inasmuch as
one interval on the micrometer screw of most polarizing microscopesis 1
micron or greater, the error in the measurementof platelet thicknessby
the Chaulnesmethod could be excessive.
Multiple thickness determinations are required to detect thickness
variations in a platelet by the Chaulnes method. Such a procedure,
however, yields inadequate results even if dust particles for critical focusing occur on both the upper and lower surfacesof the platelet.
Dif erential Retard.ati on
Variations in the interference color Irom point to point on the broad
face of a single-crystal platelet between crossednicols representvariations
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in thickness.Most micaceousminerals, however, have a very low birefringence of section in this orientation, and the combination of a low
birefringencewith a very thin platelet ((15 microns) results in interferencecolors that are, at most, shadesof first-order gray. Insertion of
the gypsum plate or the quartz wedge will enhance small difierences in
retardation from point to point within a low-retardation platelet and,
when the stageof the microscopeis rotated, the platelets with a variable
thickness have a variegated appearance.A qualitative impression of the
degree of roughnessof the broad surface of a low-retardation platelet
can thereby be obtained,but this is hardly adequatefor critical comparative studies of the surfaces of platelets in different powders.
Berek Compensator*
The thicknessof an anisotropicplatelet is the quotient of its retardation, as measured with the Berek Compensator, divided by its birefringenceof section.Platelets mounted on a slide in an immersion liquid
will orient themselveswith their broad facesparallel to the stage of the
microscope.Consequently,the birefringenceof section of the platelets
of the any micaceoussubstanceso mounted will be a constant,which for
a known substancecan be obtained directly from handbooksand for an
unknown substancecan be determinedby measuringits refractiveindices
in this orientation. In theory, therefore,the Berek Compensatorshould
provide a means of determining the thicknessof thin anisotropicplateIets, but in actual practice its applicability is limited. This is due to the
combined effect of (1) the thinnessof the platelets, which are typically
less than 15 microns thick in powders finer than 325 mesh, and (2) the
characteristically low effective birefringence ( < 0.006) of micaceousminerals oriented with their broad faces normal to the optical axis of the
microscope(Taylor, 1948).The net result is a low retardation manifested
by either quasi-extinction or grays of the first order which cannot be
measured accurately with the Berek Compensator. Furthermore, the
calculatedthicknessof the platelets is subject to seriouserror when the
birefringenceof sectionis less than 0.006 becausesuch values approach
the usual limits of accuracy for refractive index measurements.For example, if the birefringence of section is 0.004, deviations of *0.002
changethe calculatedthicknessby -33 per cent and *100 per cent of
the true thickness,respectively.
MBruol PnoposBr rN THrs P,lpnn
The method is a procedure whereby the platelets are oriented in a
resin matrix, sectionednormal to the broad faces of the platelets, and
* Descriptions
andRogers
of thisinstrumentaregivenby Winchell(1937,pp. 132-135),
andKerr (1942,pp. 19,75-78).
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polishedfor microscopicexamination in incident light. The method has
been successfullyemployed on a variety of opaque and nonopaqueminerals, which, when finely ground, tend to have platy and lath-shaped
particles. These include molybdenite, graphite, energite, muscovite,
talc, pyrophyllite, and brucite.
P n o c eo u n l l D e r a r r . s
Mounling the Somple
An aluminum foil mold in the form of a rectanguiar parallelepiped is filled with Epon
No. 828,* a cold-setting epoxy resin that is liquid at room temperature. A liquid catalyst,
triethylene tetramine,t is added to the resin in the ratio of 10 parts resin to 1 part catalyst
to make the resin consolidate at room temperature in about t hour. The curing time for
the catalyzed resin can be shortened markedly by heating it in a laboratory oven at 275"
F. for about 15 minutes and then quenching it in tap water.
The powder to be mounted is dusted over the surface of the catalyzed liquid resin in
the mold until the meniscus is thinly coated with the powder. The minute platelets in the
powder orient themselves with their broad faces parallel to the meniscus of the resin and
slowly settle downward. Particies of the minerals listed above (specific gravity 2.3 Lo 4.7)
that are finer than 150 mesh settle between 0 15 mm. and 0 70 mm. in the 45 to 60 minutes
required for the catalyzed epoxy resin block to solidify at room temperature.
The sample to be mounted should preferably be ciosely sized for the purposes of quantitative microscopic analysis, and in order to obtain (1) good dispersion of the platelets
in the mount and (2) platelets with surfaces free of fine particles which would otherwise
obscure their surficiai relief. Suitable size fractions may be obtained from material coarser
than 325 mesh by wet screening on standard testing sieves. Equally acceptable size fractions may be obtained from material finer than 325 mesh by either wet elutriation, through
the use of standard sedimentation methods or laboratory mechanical classifying devices,
or dry elutriation by means of the Haultain Infrasizer. Mounts with a satisfactory dispersion
and with dust-free platelets have been prepared from minus 200-mesh talc and muscovite
which were deslimed at nominal limiting sizes of between 5 and 15 microns. For less
rigorous quantitative studies, therefore, desliming of a minus 200-mesh sample by sedimentation prior to mounting is probably adequate preparation in order to insure a satisfactory finished mount.
Sectioning the Mounted. Sample and. Remounti.ng the Secti,oned.
Bloch
The aluminum foil is removed by hand from the resin block that contains the sampie,
and the mount is sectioned normal to the original upper liquid surface (meniscus) of the
resin with a carborundum cut-off wheel. The sectioned face is then placed face down in
another rectangular mold of aluminum foil whose dimensions are about twice those of the
original mold. The mold is then filled with additional cata.lyzed Epon No. 828 epoxy resin.
The sectioned surface of the original cast resin block which contains the sample is now
exposed on the lower face of the newly cast resin block (see Fig. 1). The exposed cross
section of the sample is surrounded by resin and is now sufficiently protected so that it
can withstand the stresses of grinding and polishing.
* Manufactured by the Shell Chemical Corporation,
Union Commerce Building, Cieveiand 14, Ohio.
t Obtained from the Carbide and Carbon Chemicals Company, 30 East 42nd Street,
New York 17, New York.
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Frc. 1. Diasram of a finished mount.
Grind.i.ng and P olis hin g
The choice of a grinding and polishing procedure will depend principally on the nature
of the mounted material. The method described here is a simple and rapid procedure which
has given consistently satisfactory results for a number of materials with diverse physical
properties.
The face of the mount on which the sectioned sample is exposed is ground on a 600-grit
silicon carbide paper-backed disk which is mounted on a wheel rotating at 1250 rpm'
The disk is lubricated with Johnson's Stik Wax.x The ground surface is then polished with
rouge on a water-lubricated wheel covered with Buehler Miractotht which rotates at 250
rpm. The mount is now ready for microscopic examination in incident light'
The maximum elapsed time for the preparation of a finished mount by the method
described above is about 2 hours and 20 minutes. Two hours represent the curing time
at room temperature of the two successive blocks of resin required for each mount; this
interval can be shortened by the application of heat. Grinding and polishing takes less
than 5 minutes.
The Fi.ni.shed,Mount
The sectioned sample on the polished surface of the finished mount is confined to a
zone less than 1 mm. in thickness (Fig. 1). At magnifications Sreater than 250 diameters,
the sectioned platelets are readily discernible and appear as long thin rods on the polished
surface (Fig. 2). Many platelets of nonopaque micaceous minerals show the traces of
their cleavage planes oriented parallel to the long axes of the rods. Although the reflectivity
of many nonopaque micaceous minerals in polished section is close to that of the resin
matrix, the platelet boundaries are still easily recognized. Their distinctiveness is enhanced
by the positive relief of even the softest platelets, such as those of talc, on the polished
surface when the mount is first prepared. If the mount is repolished by the same procedure
after 3 or 4 weeks, however, the differential relief between the particles and the matrix
changes. Talc particles, for example, no longer stand up in positive relief but are essentially
* Manufactured by S. C.
Johnson and Son, Inc., Racine, Wisconsin.
t Obtained from Buehler Limited, 2120 Greenwood Street, Evanston, Illinois. Miracloth is a blend of 85 per cent cashmere and 15 per cent silk; it has a medium nap.
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flush with the polished surface of the resin. This change in the relative polishing hardness
of the resin and the platelet cross sections is probably due to post-solidification curing of
the resin which increases its intrinsic polishing hardness

M easurementof Thickness
If, as the plateletssettled in the resin, they increasinglydeviated from
the preferred orientation, a systematic trend of increasing apparent
thickness from the original meniscus to successivelylower levels of the

Frc. 2. Photomicrographs of ultrasonically disintegrated muscovite and of commercial
flake graphite mounted in accord with methods described in this paper. Incident light.

x220.
A. Muscovite: -150 f325-mesh fraction. Note trace of meniscus at top.
B. Muscovite: -150 *325-mesh fraction. Note deformed particles (center and lower
left) and "peeled back" cleavage flake (center).
C. Muscovite: -325-mesh fraction (unsized).
D. Graphite: -270-mesh (unsized).

mount should be evident, inasmuch as the true thicknessof a platelet is
its minimum thickness.The absenceof such a trend in mounts of closely
sized samplessuggeststhat deviations from the preferred orientation are
probably of little importance with respect to the average or median

868

C. B, SCLARAND L, DILLINGER

thicknesswhich is calculatedfrom the measuredthicknessesof a statistically representativenumber of platelets.
The relationship of the true thickness of a platelet to its apparent
thicknessas measuredon the polished surface of a mount prepared by
the method describedin this paper is
Apparent Thickness :

True Thickness
Cosine (90 - a)

where a is the angle between the normal to the polished surface of the
mount and the pole of the platelet. The ratio of the interplatelet distance
to the diameter of the platelets is typically less than 0.5 in mounts prepared by this method. This means that, for any platelet, the maximum
deviation of a from 90" will be 30o becauseof the physical resistanceoffered by adjoining platelets.Although the magnitude of the error introduced into the apparent thickness by the deviation of a from 90o increasesexponentially as the deviation of a increaseslinearly, a limiting
deviation of 30o correspondsto a maximum error in the apparent thicknessof only 15 per cent of the true thickness.The permissibleerror will,
of course,be greater if (1) the platelets in adjoining levels are arranged
in echelonso that there is little or no opposition to the deviation of an
intervening platelet from the preferred orientation by those in adjoining levels, (2) two or more plateletsrotate in unison which would result
in an increasein the effectiveinterplatelet distanceand a corresponding
increasein the permissibledeviation of a, and (3) the ratio of interplatelet distance to diameter of the particles in a particular mount is
greater than 0.5. With respectto the first two circumstances,however,a
statistically significant number of thickness measurementsshould suppressany exceptionallylarge individual errorsin apparent thicknessdue
to exceptionally large deviations of a.
AssessrnentoJ Platelet Planeness
The outlinesof the plateletsin the polishedmounts representthe profiles of the platelets as viewed in a direction parallel to the principal plane
(principal cleavage)of the flakes (Fig. 2). Significantly, the profiles reflect
the degree of irregularity or unevenness of the broad surfaces of the
platelets.The crosssectionsof the platelets may be classifiedinto three
overlapping but distinctive categoriesas follows:
(l) Pl,atel,ehzai,thplane pamllel sid.es
In cross section these particles appear as long rod-shaped forms with rectilinear
boundaries. cleavage traces parallel to the length of the rods may be visible, particularly
in nonoDaque minerals.
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(2) Ptrateletszaith rough or unel)en staJaces
In cross section these particles appear as elongate forms with irregular boundaries.
These irregularities reflect either convexities and concavities in the broad surfaces of the
platelets or structurally controlled "treads and risers" wherein the "tread" represents the
broad surface of a cleavage flake which was peeled off the piatelet, and the "riser" represents the fracture along which the cleavage flake was torn ofi the platelet, The cleavage
traces of the platelets run approximately parallel to the elongation of the irregular cross
sections, but do not conform to the irregularities in their outlines.
(3) D eJormed.plal,elets
Platelets which have been warped, bent, crumpled, and otherwise deformed appear as
elongate forms which have been bowed, singly or multiply folded, crimped on one or both
ends, deformed into S-shapes, etc. The traces of the cleavage planes run parallel to the
outiines of the deformed platelets. This is a useful criterion for difierentiating deformed
platelets from platelets with uneven surfaces.

By classifyinga statisticaliy significant number of platelets on this
basis or some modification of it that is of greater significancefor the
particular material under study, it is possibleto assessquantitatively
the comparative planenessof the platelets in various samples which
constitute a suite.
Within the confines of the two-dimensionalpolished surface of the
resin mount, it is possiblefor a rough particle to appear as a plane particle if the irregularitieson the broad surfacesof the platelet are nonuniformly distributed. The recorded percentage of plane particles in a
sample will, as a result, be greater than the true value. On the other
hand, this error should not seriouslyaffect the usefulnessof the acquired
statistical data on planenessfor comparative purposes.
PossrsrB ExreNsroN ol rHE PnoposBo
Mnruor ro PLATY Cr.rv MrNnnars
The dimensionsof clay particles are of considerabletechnologicalimportance becausein large part they control the colloidal properties of
clay suspensions.The diameters of platy clay particles may be determined directly with the electron microscope,although some uncertainty
as to the exact equivalenceof their diametersas measuredon the electron
micrograph and that of the particle in suspensionis introduced because
the samplemust be dried in order to prepareit for electron-opticalstudy.
Electron microscopyis evidently the ideal method for the determination
of particle thickness,but the thicknessof platy clay particles cannot be
determined readily from ordinary electron micrographs in which the
broad facesof the platelets lie in the plane of the micrograph. Shadowing techniquesmay be employed,but they yield results that are usually
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difficult to evaluate quantitatively. Kahn (1959) has recently attempted
to determine the thickness of platy clay particles by combining electrooptical birefringence data with ultracentrifuge data and viscosity data.
The two sets of derived thicknessesshow a fair correlation with respect
to trends in their relative magnitude, but the absolute thicknessesobtained by these methods are widely divergent.
Studies are now in progressto extend the method describedin this
paper to the determination of the thickness of platelets within the
particle-size range of clays. When techniques for obtaining a preferred
orientation of clay platelets in a resin mount have been developed,it
should be possible to replicate the polished surface for direct measurement of the thickness of the clav platelets with the electron microscope.
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1959,1303-1305) directed our attention
A recent paper by Sahama (Am. Mineral.,4,
to the applicability of the rotating elliptical mica compensator (the S6narmont 1/4 X plate
and the Brace l/!0 to 1/30 tr plate) in determining the thickness and planeness of fine
platelets. These compensators can be used to measure accurately small retardations in the
1 to 50 mp range which is the approximate retardation range of fine platelets oriented
parallel to the microscope slide in the particle-size range considered in this paper. Errors
in the calculated thickness may be large, however, because it is difficult to determine the
birefringence of section with a precision greater than *0.001. For example, if the birefringence of section is 0.004, deviations as small as *0.001 will change the calctrlated
thickness by -20 per cent and t33 per cent of the true thickness, respectively. The
elliptical compensators could be quite useful for difierentiating platelets with planeparallel sides from rough-sided platelets of variable thickness, but the profle method proposed in this paper should be superior for differentiating crumpled and deformed platelets
from undeformed rough-sided platelets of variable thickness.

