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CHAPTER 3

MICA

L ——

" The ‘term mica’is a gfoﬁp name applied to a large
" number of minerals that have certain physical and chemical
chéfacteristicg in gommoﬁ.  Chemically they are all «
silicates, usually orthosilicates of aluminium with potash

" and hydrogen and géneraliy magnesium and ferrous iron.

'. Fluorine may be an important constituent.  Less common

. varieties contain ferriec ;rpn,'godium én@ lithium with,
- more rarely rubidium and cesium.  Still more uncommon

varieties contain vanadium, barlum, manganese and chromium.

Since mica is a silicate, some general information
on silicates with speclal reference to mica will not be out
of.place. The 51licates comprise the largest chemical
grouﬁ,amoQg minerals,. = They show a wide range in composi-
. tion wﬁich is frequently very)comﬁlex in character. Xaray
;investigation, however, has reVealed important fundamental
facts concernxng their atomic structure and thrown much light
,uppnrthe intricate problem of their composition. It is
now established thaf the fundamental structural unit of all
silicates has a tetrahedral éﬁape with’four’oxygen atoms

‘.being at the corners of the tetrahedrbn. These 5104 groups
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,may be linked together»in'varidus ways to form indefinitely
extgﬁded series. According to W. L. Bragg, a2 silicate
shqqld'be regérded as a structure having a constant number
of px&gen atoms in thg'unit, wi{h a conétant number of
places for metal and silicon which can be filled by thesé
elements in varying proportion w consistent with a Salance
between'vélencies; . The: silicates are classified as an-
hydrous and hydfoﬁs’&éﬁepding~gpon whether or not they yield
water upon ignition. " Those silicates giving water upon
ignition are to be regarded as basic or acid silicates. A
-1ine of éeﬁarcatianfbgtween ﬁhe stfictly anhydrous and
hydrous silicates cannot be sharply drawn, since with many
speciés whiphvyield.water upoun ignition, the part played by

the elements forming water is as yet uncertain. Miea is

‘ ylncluded in the second group - hydrous oillcates, since they

yleld water upon ignition- mostly from 4 to 5 per cent,
‘Doubt is cast as to the propriety ol placing the micas in
the seand group 81ncg water given out on ignition is
probably to be regarded in,éil'céses as water of constitu-
tion and hence they are not properl& hydrous silicates.

\

Second type of classification of silicates depends
upon the type of linking 6f Si0, ‘tetrahedron with other

}
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’teﬁrahedroﬁs, with aﬁprop:iaté sharing of elther oxygen
latémé or silicon atoms or both. On this 5asis, silicates
may be dlassified as neoéilicgtes; sorosilicates, phyllo-
silicates etc. In the 510y tetrahedrons of silicates,
some of the siiicqn axomslmay be replaced by aluminium,

| beryllium, boron or other atoms. | According to this
classification, micag-belong to phyllosilicates [sheets
of tetrahedrons type formila Am (Bp X 5n).]  The phyllo-
silicates héveVSiO4 groups which are united to other 5104
groﬁps by ﬁavihg,three oxygen atoms in common. No SiQ4
group has more than one oxygen atom in common with any
other Sioé group, each:Sid4 is thus linked to three other
3104 groups. This results in’forming layers. Such §i04
sheet sbould(haVe 8ig05 for 1its, qémppsition; -The 8i-0
tetrahedra are grouped together in a hexagonal like ring
thich apparently accounts for the common pseudo hexagonal
character bf‘thé mica crystals. The result of this
typlcal grouping is the formation of layefs. Minerals

" of this structure are characterized by eminent cleavage
pafaliel to these layers.‘ They have good basal cleavage
bgcausé of the lack of any ilonic (i.e..electric)<attraction'

between different planes of atoms and also the wide spacing
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between these planes. This is why the micas have a

i

perfect basal cleavage, the so-called mlcaceous structure.

General Description of the Eieas:

The members of the mica group are monoclinie but
pseudo~hexagenal in habit.  Distinet terminated crystals
are very rare. The ususl q:yétalé of all the mlcas are
thin basal plaﬁes of hexagonal putline; in all of them the
prism engles (110 /\ 110) and also (110,&#110) i.e. on the
- basal section plane angles) are very nearly 60° & 120°,
The ver& perfect basal cleavage parallel to (001), .giving
thin tough and more or less elastic laminae, is the most
strikiﬁg feature of the micas., They are characterized
5y the‘weakhbirefringence In cleavage flakes and basal
sécfions combined with strong birefringence in' transverse

sections,

Percussion Figure:

o ~-ed
A blow with a somewhat dull-point/instrument on

cleavage plate of eny mica develops a six-rayed star, one
line being more distinet than the other two. This strong-
- 1y characterized line is parallel, to the clinopinacold or

plane of symmetry i.e., 1s parallel to (010) plane, whereas
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" the others are parallel to the prismatic edges (prism
<fa§es), The percussion figure thus makes it‘possible

to detéfmine‘the position OlOA{and hence the optic ‘
‘orientation) in any cleavage plece of mica, even though no
crystal faces are present. ‘Pressure instéad of a blow

" on mica cleavage surface, (001), produces six-rayed pressure
-figure whose lines are perpendicular to those of the
percussion flgurea ‘ Ia this figure, more ‘often only three
and sometimes only two branches are developed. These
1ines due to pressure figures are connected with gliding

planes inclined some 67° to the plane of cleavage.

Twinning is common in mica, the twinning plane

belng (110) and the composition face (001l) or (110)

4 Glagggficat;on of Micas:

- Micas are classified in various ways depending
upbﬁ the particular genéral property chosen for classifica-
tion. R 7

‘ From the vlew point of commercial importance,
they may be divided into two general groups (1) those used
' for their physical properties; including muscovite, phlogo-

' pite, ‘biotite, seriéite and vermiculite, and (2) those used
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for their chemical content, including lepidolite and

zinnwaldite (liﬁﬁium) and roscoelite (vanadium).

Thej~may also be gfouped according to the position
of the plane of ?he‘pptic axié.‘ ‘In the first class
belong those kinds for @hich optic axisal pTané is normal
to b (010), the plane of aymmetry, -in the second class

| the axial plane is parallel to the place cf symmetry. The

T mlcaS'oi the first class include muscovite, paragonite,

- lepidolite also some rare varieties of biotite called
- anomite. The second class embraces zinnwaldite and most

biotite including lepidomelane and phlogopite.

"The position of the interference figure in the
percussxoﬂ figure on cleavage surface of mica 1s also used
for the claSblflcatlon of mlcas (Rogers 1957). If the inter
~ference figure llgs between swc rays of the percussion
figure, then uhe‘tnlrdrray is the direction of the b-axis.

_ These are micas of the first class and are shown in figure
| Ba. If the in%erferenpe figure iies along one of the rays,
then that ray is the diredtiqﬁ of the b-axis. These are

- micas of the second class and are represented in figure 8b.
“'Musbgvite andlgpidolite:are(micas of the first class,

"whilelbiptite and phlogopite are micas of the second class.
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Another basis of classification of micas is
according to the number of atoums in the chemical formula
(excluding O, H and F). They are then known as hepta-
phyllites and octophyllites.

1

The heﬁtaphyllite micas are characterized
chemiecally by having seven (or fourteen) atoms in the
ferwula (exeluﬁiné 0, H and F) and optically by havin

an optic angle (the true angle between the optle axis, or
the optic axial angle) usually of 20°,to 50° with disper-
sion cr >v (l.e. the optic axial angle in the red
light is greater than the optic axial sngle in the violet).
This class consists of muscovite and its varieties and

paragonite.

The octophyllite micas are characterized
chenically by having eight (or sixteen) atoms in their
forpula (excluding 0, H and F). This class embraces

lepidolite, tasnolite, bilotlite, and phlozopite.

General properties of Micas:

Micas, as already mentioned, asre complex sili-
cates which crystallize in the monoclinic system, They
are characterized by a perfect basal cleavage, are relative-

1y soft and fuse with difficulty. Thin plates are
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usually transparent, but the thicker plates vary from
transparent to opaque. Colours are white, yellow, amber,

red, brown, green, grey and black.

’Micaﬂhas,several uses in industry. It is used
for electric insulation, heat insulation. Due to its
transparency iﬁ is utilized for furnace sight holes, glazing
the f?onts qf stoyes,gte.; Iﬁ is alsp used as phonograph
diaphragms and variops(sqpnding devices (submarine detectors).
Ground mica is used extemsively for decoratiocn in wall
paper, processional prnaments,.fancy points, ornamental
tiles and concretes. It is also vused for 1ubricétion,
for calico printing, to prevent sticking of tar papers and

for @edicinal uses (in India\only).

Several mica substi#utesand synthetic mica are
now available, but it is improbable that they will ever
entirely replaqe natural high grade mica. It should be
noted that India is theﬂpxépgégal producer of muscovite and
is the most important source ofmhigh grade sheet mica in

the world, normally suﬁplying about 65 per cent or more

of the world's production.

The present author had made a detalled systematic
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sﬁrface sﬁudy‘of cledvage and‘etch patterns on the easily
availsble muacoviﬁe and hence a very brief information

on muscovite is given below.

| ‘Miscovite, so well-known as potash mica with a
qhéﬁiéal»formuia Hy KA].3 (Si04)5' is a silicste of pota-
ssium ‘and aluminium and hydrogen, also often containing
A‘sbdiuﬁ{ irod, calcium and fluoiine. ‘v Mus@ovite mica, sO
naméd’by J. B, Dana in 1850 frém the 0ld name muscovy glass,
bccuré‘(1> in grani%es4pegmatipes and granite aplites,
(2)'in‘schists‘and’gneisses,_oftep‘the main constituent
of the mica schists, (3) iﬁ‘granites. Granite is about
- the onij.ignéous rock in which muscovite occurs as an
' original conséituent,'(A) in sand-stones and sands as a

detrital mineral.

Physical Charatters: ;

The erystals are tabular in habi{ and pseudo-hexa-
gonal .or pseudo-rohombic, but are really monoclinic having
péffect cleavége in one direction parailél to (001).(Fig. 9)
The cleaved Sfoaces posseés 2 high natural polish. . Also
;secog¢ary parting or slip planes paraliei to(j10)and(pﬂ0).

Its hardness varies from 2 to 3, specific gravity, from
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2.8 to 3.1. Index‘cf refraction, 1s from about 1.556 to
1.611., It is optically Biaxial, negative wiph birefrin-
gence 0,037 to 0.041 and axial planézperpendicular to (010).
Colour, variles from coloﬁrleés, yellow, brown, red, green,
énd grey. 'Thin plates are'tranSparent to translweent,
thicke: élates ére transparent to opaque. As regards its

© tenaclty, it is elastiec,

‘ On heating muscovite begins to loose its valuable
electrical properties at about 550°C and gives off water
rapldly Bt 700°C.

Clea§aga of Muscoviié Mica:

Mica cleaﬁage surfaces have been intensively studi-
"ed by Tolansky (1945, 1946, 1947) who has besutifully develop-
ed the powerful and sensitive technique of multiple beam
interferometry. Toiansky and Morris (i947a, 1947b) made an
‘ interfefometfic sarva§ of natura; {1947a) and synthetic
(1947b) micas. He observed cleavage steps to be either
20 A.U., its Y-ray unit cell or its integral multiple. At
times nmlca surface cleaves true to a single molecular plene.
The step ﬁeigﬁ%‘alohg a eleavage line 1s constant proving

that the surfaces separated by thiﬁ line are "parallel".



929

Uptil now the cleavage steps observed were either
an integral multiplg‘of 20 A,U. or a single molecular lattice
of 20 A.U. Courtney=-Pratt (1950) reported the occurrence

of a cleavage step 1.5 times the crystal lattice spacing.

Direct experimental evidence by an interferometric
technique 1s given for the existence of a serew dislocation
in muscovite mica (Amelinckx, 1952a), A step ending in
the middle of a cleaved face with a step height of 140 A hes
been observed. The point where the step ends is consider-
ed as the point where a screw dislocation emerges from the
surface, The screw dislocation has Burgers vector of
sone seven unit cells long. The phenomenon is suggested
as a possible explanation for the various miéa and chlorite
structures, Further proof of the phenomenon is supplied
by the observation of growth spiral on blolite crystals
(Amelinekx and Dekeyser 1953). it has been suggested
from this and X-ray observations (Amelincks 1952b) that
polymorphic forms of micas are polytypes in accordance with

Frank's mechanism of spiral growih,

The present work is chiefly concerned with the
etching of mica ecrystals, but it was thought desirable to

stud& the oppositely matched cleavage faces, before they were
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subjected to etching. ° The mdehing of two counterparts

¥

was:optiéally studied by Pandya (1954) who reported the

'
i
H

one-to-one correspondence between the matched areas,

Here theiareés on the cleaved s@rfa;esjwhich were observ-
‘edzfor matchiég are followed upiduring the etching
wo?k: ‘

For»study, tﬁree varieties of muscovite mica
we?e supplied by the Director cf Industrles and Commerce,
Andhra PvadeSh. Out of thege! one varlety which was
“opague was foqnd to coﬁtainlmany inclusions and was there~

,fo?;, ﬁo% studged. ) The femai%ing vayieties were studied
ini%he p&eéentiwork. So far és the éléavage study was
.eoncerned there was no)difference between the cleavages
tadied from the samples. The etching work 4id show some
differences 1n the two samples.

Figu%e~10§ (X‘i§0) is{a phase cgntrast picture

of a typical cieavage éystem of muscovite whereas Figure

lob_(i 170) represents the phase contrast photomicrograph
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of,ﬁhe counterpart. It is seen that there is perfect
Qne-to;one correspopdence between the cleavage systens

on the two counterparts obtained by cleaving the crystal.
" It was suggested that during the act of cleavage the -
pattern although unaffected by itself might have moved.

To ascertain thig point, the thin muscovite was cut in a
definite éhapg and\é éﬁall hole was produced in the centre.
'It was fhen cieaved and the counte?parté were sllvered and
the cleavage systems in the tﬁo.specimens were studied.
Tﬁe two countérparts were then placed together so that the
holes on the two completely coincided and the shape of the

crystal was paintained. It was then examined in trans-
mission with a relétively low éower objective so as to have
good depth of focus, so that both the pieces ceuldcome in
view simultanéously. It was found that there was complete
- gorrespondence with the matched cleavage patterns and that
there does nof appear to be any relative displacement of the

cieavage patterns.

Several samples (about 100 pairs) were studied by
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phase contrast mlcroscopy and the felloving points were

observed for the cleavage systems on the cleaved crystals.

(i) The cleavage lines are distributed at random
starting from the end where the needle is inserted. C(leavage
lines, representing discontinuities in levels vary consi-
derably in length, In general, four types of cleavage
lines were observed: (a) Curved or straight cleavage lines,
{b) Y-shaped cleavage liﬁes, {e)} V-shaped cleavage lines
and (4) Cingle cleavage lines ending in the middle of the

surface .

Regarding the irequency of the occurrence of the
cleavage lines, curved or straight cleavage lines are mosv
frequent, The Y-shaped cleavage lines are nore frengre
frequent than the V-shaped cleavage lines whereas from the
many samples examined only one sample showed a single
cleavage line ending &n the mid&le of the surface. This
shows the extreme rarity of such lines, In some samples
cleavage lines turn abruptly through near about 90°.
Cleavage lines crossing eachk other were nol observsd on any
sample so far exaumined, In some samples the cleszvege
" lines run in one geaneral direction whereas in others it is

not so. Between the cleavage lines areas are found to

.
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be opﬁically unifbrm, éxtending in some cases upto several
 square centimeters. At a V-point in the V-shaped
cleavage lines the ste§ heights on both the counterparts do
not agree, whereas at all other points there is a perfect
agreement between the §tep heights and optically and inter-
ferometrically there is a perfect agreement on the two

counterparts. “ -

Regarding the{cdneentration of cleavage lines on
a given specimen, it is found that on an average the number
Of §1eayage lines per unit ares are smaller on muscovite
crystals than those observed on calcite cleavages, although

both are_said to have perfect cleavages.

Etching of Muscovite

Infroduciion: o

Etching figufeé>may be séid to be definitely shaped
solution cavities prodﬁqu by the momentary or prolonged
action of some natural or artificial solvent upon the faces
of crystals, the shape and distribution of the cavities
being attribatablg to the solvent and the molecular con-
figuration Ef the erystal face on which they occur. Good

accounts of the study of etch’figures are given by Honess

.
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(1927)‘and by Desch (1934}, :In recent years, the etching
of crystal faces is taken up t0 investigate structural
defects. notably the line defects (dislocations and their
movementg)and the etch figures are studied by the highly
de#eloped new techniques. - Since mica has a perfect
cleavage and 1t is known (Tolansky 1948) that a good
muséovite-Can cleave true to a molecular lathiceovey
relativé;y 1é:ge regions, even at times over areasof some
square centimeters, 1t was felt that eteh figures on such
a highly cleaving muscovite, if studied, might furnish

valuable information,

o Several workérs reported the study on etching of
‘miga. ‘ Baumhéuer maede elaborate study'on eteching of crystal
surfaces. He had studied ﬁhe etching of zinnwaldite and
muscovite micas (18798 by hydrofluoric acid (HF) and fused
élkalies and observed the sharply defined five comd six-sided

" etching figures.

Etching of muscovite mica was studlied in detail
by De la vault (1942, 1943, 1944a, 1944b, 1946a, 1946b).
He used etching to study tﬁe rate of attaeck on erystalline
sarfaces treate@ with acids and»alkalies . Two forms of
- etchihg by hot hydrofluoric acid were observed: (i) fairly

regular pattern due to the chemicil properties of the
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(i1)
crystal lattice, and/an irregular disintegration probably

due to imperfections or foreign inclusious. He discussed -
the patterns and the speed of etching (1942)., He also
studied (1946a) the rate of attack on muscovite by hydro-
fluoric acid at 100°C with concentrations ranging from 40,
éO, 10 and 4 per cent of the acid, and solutions of the
compound XF and HF acld with the composition (i) KF.4HF and
(ii) XF.2HF, and 40 per cent HF acid at temperatures of 120°,
100° and 76°cC, The etch figures thus produced were then
studied. Reduction of the concentration of the HF acid
from 40 per cent to 4 per cént was found to be accompanied
by a decrecase of the rate of attack from 30 to 1. Solution
(1) was as effective as 10 per cent HF, whereas solution

(11) was only one-fifth as active. Regarding the effects
of temperature, 40 per cent HF was 10-12 times more effective

at 120°C than at 76°C.

The rate of attack was also studied by comparing
the growth of corrosion figures on the two surfaces obtained
by cleaving, one surface being attacked longer than its
counterpart (De la vaunlt 1944b). This method has the
advantage of being unaffected from accidental factors such
as mechanical deformation, inclusions which cause disaggre~
gration during attack and hence render the measurements of

loss in weight of little value.
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It should be noted that no precise measurements
on the etch pétterns were made and all the drawings were
made by hand, and reports were chisfly directed towards the

study of the quickness of attack on muscovite cleavages.

In the present work etcning of muscovite was
effected by two etchants (i) hydroflunoric acid (HF) and
(1i) fused alkalies, sodium hydroxide (NaOH) and potassium
hydroxlde (KOH) and their mixtures with different proportions.
A preliminary sﬁudy on the etehing by HF acid (Pandya and
Pandya‘1958@)and a detalled report on'the etching of wusco-
vite by fused alkalies (Pandya and Pandya 1959 have already
been reported.  Independently gnd»at about the same time
Patel and Tolansky (1957a) reported the optical study on the
etehing of muscovite m;ca by BF acid by the techniques essen-

tially similar to those employed in the present investigation.

The investigation of eteh phenomena was taken up
on-the two varieties of muscovite mica (Andhra Pradesh).
Although the eteh patterns are essentially the same, the
etching time required te prod&ée almost identical matured
etch pits are noticgably different. ¥With the etehing by
hydrofluoric acid this is more noticeable as the etching kyx

Erdrofiucriac geid thiEp &5 more period is spread over a
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number of hours, whereas in the case of etehing by fused

alkalies where the etehing period varies from seéonds to a

few minutes, the difference is not quite appreciable. This
etching

variation of/time indicates the compositional variation in

mica, This aspect is not studied in detail in the present

work,

In both the cases of etching, the experimental
procedure for observing the eteh patterns is the same and is

given below.

] Muscovite mica was cleaved and silver films were
deposited on the freshly cleaved surfaces by the technique of
thermal evaporation in high vacuum described earlier, The
surfaces were examined under a nicroscope before they were
subjected to etching. It is found from the observations
that this practice of examinaticn of cleavage surfaces before
etching was not found essential and later on discontinued.
The surfaces were cleaywed by hydrogen peroxide and running
water and exposed to etching by either hydrofluorie acid or
fused alkalies. They were then examined under high power
microscope objective at different stages of etching after
cleaving and depositing silver filﬁs‘over them. All the
recent optical techniqugs briefly described in chapter two

were used to examine the surfaces. Both the surfaces
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by cleaving
obtained/vwere compared after etching each time.

Acid Btchant:

The etching of mica was carried out at room
température in the 40 per cent hydrofluoric acid vapour or
liquid,  Patel & Tolansky (1957a) have studied the etch
attack by aeid vapour, In acid vapour, very prolonged
exposure for etching was found necessary to obtain the
mature pits of the same size as those obtained by immersing
the erystal in liquid acid ftor a shorter time. The differ-

ence in etching was one of degeee alone ané nothing else.

A typical photomicrograph of the etch plts produced
on a freshly cleaved surface by dlpping it in liquid acid for
20 hours is shown in figure 11 (X 212.5.). The etch figure
appsars to be a parallelogran shaped‘cévity, the diagonals
of the geometric figure being perpendicular to edch other,
so the paralledlogram is a rhombus. The orientation of all
the pits is the sane. The pit corners like A are not
strictly sharp but are slightly rounded, although the opposite
corner is sharp. Note also the random distribution of

etch pits.

Pigures 12a anc 12b (both at x 330) represent the

same reglon of the specimen etched for 8 hours and 24 hours
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respectively. The cleavage lines which were there before
etching were used as landmarks for locating the region. The
figures show & set of cleavage lines and an etch pits. It
is clear from the figures that the sharpness of the cleavage
line vhich was observed before etching gradually decresses
with the advancement of etching. Moreover, the ilncresse
in etching of the same region does not give rise to the
increasg in the number of plts but the etching figures that
were formed at the start of etehing begaon developing in
length, breadth and depth, This goes on up to a particular
etching time; (depending upon the concentration and tempera-
ture of the étchant) beyond which new pits begin to form and
the existing pits begin to overlap each other. The eteh
pattern becomes complicated and it becomes increasingly
difficult to arrive at a conclusion from a study of such
patterns, The fact that the successive etching does not
produce new pits, but the existing pits enlarge, suggests
that these pits are located at some special defects in the
crystal, This point ig consldered later cn in deciding

the origin of pits.

The increase in length and breadth of an etch pits

is not accompanied by a proportionate increase in depth. 1In
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fact, the depth of a pit inereases slightly at first with
etching but apparantly ceases to increase after a certain
time and the lateral development of the pit goes on with
increase in stching time. This is cleaxly‘shown by the
éuantitative studies made on the pits by the precision
maltiple-heam-interferometry and 1light profile microscopy,
and is\repopted later on. On the consideration of depth,
the lérger pits can be classified as being of two types:
(1) flat-bottomed and (ii) point-bottomed. In the former
case the depth is approximately uniform in the pit, whereas
Adn the later case the depth changes at various points,

Inereasing from the side to the pyramidal point.

The photomicrographs also show that the whole
surface 1s attacked, has Eecoma rough and is covered with
smaller pits the density of these pits ( v 4 x 108 cm?)
being grester than those of larger etch pits. From the
beginning of The initial etch attack, the smoothness of the
surface has disappealded, and the degree of roughness of the
surface increases with the enhancement of etching., It is
repeobted that cold aeid has no sensible effect on the nica
over a considerable period of time (De la vault, 1942) but
the present study has indicated that'it is affected by the
cold acid at room temperature from the very beginning and

if the specimen is kept in the acid for few hours, the effect
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1s markedly visible under a low power microscope. That the
muscovite is etched from the pgginniﬁg is shown by the rough-
ness of the surface., A ﬁﬁltiple-beamyinterferpgram over
such a surface clearly shows this character. It is more
xidx vividly revealed by the application of thin {ilm tech-
nigue (Tolansky & Omar 1952). The etched specimen becomes
more\brittle with the‘etching«and after a certain time depend-
ing upon the thickness of the specimen, the surface becomes

so. brlittle that it could not be handled.

‘ Unlike the etch figures of figure 11, the pits
shown in figures 12a and 12b are very sharp in outline.
This 1s because of the slow rate of etch. This point is
very important in the study of etching gf erystal surfaces,
because with the increase in etching, the patterns become
complex and the very features, sought for study, are obli-
terated and hence no useful information can be secured. 1In
some cases advanced etching 1s intentionally used to bring

out clearly certain surface features.

Thus the photomicrographsA(figureséiZa and 12b)
show that the etch attack on cleaved muscovite gives risé to
(1) the general etching of the crystal surface covered by
smaller plts énd (ii) randomly disperseq larger plits, some

of them being‘(a) pyramidal and others, (b) flat-bottomed.
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Measurement of the depth of eteh fipures:

For measuring the depth, recourse is made to the
powerful techniques"of light profile microscopy and multiple
-beam-interferometry. Figures 13a, 13b (X 992) show profile
plctures taken on an etch figure.. The depth of the pit is
measured along ifs majo:‘andaminor diagbnals. - They are

»respeetively 2 and 2.2 p.

At the hands of an expert, multiple~beam-interferoc
-metry is a sensitive tool for ;evealing duantitatively
steps of the»érder of atomic diameters; The present author
has occasionally used this technique to measure the etch
pit depth. - A multiple~beam-interferogram over an etched
surface of mica (etching time 20 hours) is shown in figure
l4a (x 44)., It ¥ not only gives the depth but also the
roughness or smoothness of a surface is elegantly indicated
Thé coarse nature of the fringes and the nature of the
surfaces interposéd between.the ffinges clearly show how
mottled a surface becomes on etching. This matt character
is observed from the beginning of the etch attéck. In the
initial stages of ectching, this feature is not readily
_ observed by mqltiple—beampinterferencg‘paxterﬁ cbserved
under a iow power objeétive, but it was very nicely disclesed

by the application of thin film technique (Tolansky and



™

(J6) * 170
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and Omar 19523). The depth to which a pit descends is
calculated by éounting the number of fringes in a pit and
multiplying it by »/2 vhere > 1is the wavelength of
green mercury light (5410A). . They are 1'6A‘P and 0.8 n
regpéctively. A high dispersion multiple beam interfero-
‘gram oyei an etched figure is shown in figﬁre 14b (x 44).
The depth of the etch figure is 1.6 . Many suéh inter-
ferqgrams vere observed and in fact the quantitative data
reported later on were based on the utilization of this

and the light profile tgchﬂniéue, From the studies it is
:observed that the depﬁhs of all the etch pits are not
1dentiéa14xand the variations in depth among them could not
be correlated. This suggests that the imperfection that
:is associated with pitsis hot equally distributed in depth

on the surface.

Qrientatlon of the etch figure:

The orientation of the etch pits with reference
to the percussion mark has been determiﬁed. Percussion
mark was produced by‘g duli-pointed end on the freshly
cleaved sﬁrfage which was then etched§: To compare the
effect of the blow, it was also produced on an etched
specimen which was then re-etched for a’smaller period.
There was found to be no‘changé in the percussion mark, but

in the latter case the surface becomes more rough and
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distorted, .-The eteh pits have their short diagonals
parallel*to ﬁhe stronger ray of the percussion figure
(fignre 15, xlso)'whiéh in turn is parallel to the plane
ofrs§mmetry;.the b-pinacoid, Thus with the help of the
eteh figure, one can ascertain the plane of sgmmetry of the

crystaludevpid of external crystalline shape.

Matching of the Cléavage Counterpartss

It is reported on the section of the study of
muéébvite cleavages that the cleavage patterns on the two
counterparts obtained by‘cleaving a crystal are identical
and in particular the set of cleavage lines obscrved on one
face is comblétely reflected in shape and position on the
other.  In order to examine the effect of etehing on the
resultéhsq far obtained from the studies of the unetched
virgin pleavagé“surfapesg efching stgdies of the cleavage
. counterparts were taken up, The‘experimental procedure
consists in sﬁbjectiﬁg slmultaneously the cleaved counter-
parts to the etch attack of HF acld at room temperatures
(i.e, from 30°C' to 339C).  After a definite duration of
etchiﬁg time, -the same area on both ﬁhe counteiparts was
sfadied, Séveral samples were observed and similar features

were observed in all cases.

Figures 16a and 16b (both at x 170) show the same
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area of cleaﬁége counferparts etched~for 20 hours. They

( ‘cohsist of pits which ‘have complete correspondence on either

surface and the number and’ 1ocation of etch pits has not
changed, - - One important point to ¥be noted is that

' rounding of a plt corner, shown at A (figure 16a) is
| ~oppositely oriented to that of the corresponding pit in
figure 16b shown at B,  This feature is brought out only
because of some advance etchlpg. Otherwise the pits being
.fairly symmetrical, . low etching would not have disclosed this
point but would have ghown the patter rhs as mirror images of
each‘other, . Mcreover; the slzes of the corresponding pilts
-on both ‘the pictures are somewhat different. Although,
both the parts were simultaneouslf exposed to etching, the
reason of unequal sizes wbich is obviously due to unequal
etching(ls not quite clegr. Cut of the several paired
‘samplés éxamined, some sémples did show this‘point, the
repfeseptativé of whiéh is shown above. Such paired samples
were refected for quantifative measurements to be reported
later on and only -on ;hose samples which show the pits to

be identical so far as the outward shape is concerned,
méasu?éments were made. | |

Rt

Pigures 17a and 17b (both at x 170) show the
‘etched cleavage counterbarts witheget of cleavage lines and

pits, the etching tine beingvlo hours,. A close examination
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of the two pictures will at once show that with the
appearance of cleavage lines on the pictures, the matching
picture is not so simple as it was with the sbove pletures,
figures’ 16a and 16b, depicting the pits.  In figure 17a
the eteh pit is between the first two cleavage lines on
the right hand side, while the same etch pits (figure 17b
x 170) is found to be between the second and the third
cleavage lines on the left hsnd side of fipure 17b. This

indicates the possgibility of the movement, on etching, of

either the clesavage lines or the pits. These are discuss~
ed in detail below., The location of etch pit on the
extreme right in figure 17b 1is also of interest. The

corresponding plt ls not found in figure 17a. This is the
feature found common in meny paired samples examined by the
author. Patel and Tolansky (1957b) have dismissed the
occurence of such pits by saying them as 'rogues', but the
present aathor feels that by calling them as 'rogues' the
gxlstence of such pits could not be accounted for. One
prossible explanation for this 1s that the lmperfectlons exist
~ing in the erystal are not properly distributed throughout |
the volume of the crystal and the pits may not be associated
with the line defects. The presence of line defects,
notably dislocations, implies their equal distribution on

either of the matched counterparts and their subsequent
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-ance :
appear/by etching and hence complete matehing will be

secured. - gince the pits were not matching in all cases
‘eVen though some of them might be at dislocation sites one
could only say that the etchant is not a suitable one so

as to disqpiminate between the various defects by revealing

‘them as etch pits., .|

Flgures 17c¢ and 17d represent the superimposed
pictures of 17a and 17b % in two possible ways. In
figure 17¢, the cleavage lines exactly coincide with one
énothér giving rise to the displacemeﬁt of the etch pit
along the diréction of the major diagonal, whereas in figure
' 174, the pits were made to coinclde so bhat a ghift in the
cleavage line . is seen. Succe°sful attempts have been made
’tq~d1fferenﬁiate between the two possibllities. For
deciding thié, it is imperative that these should be some
fiked mark which is unaffected by otching.  This fixed
mark may be a small Hole penetrating both the matched region
or 'a scrateh on a crystal surface or a cleavage llne on the

the crystal which is intentionally unexposed

rear face ofggither by etching one side of the crystal in
vapour .or by immnrsing‘the crystal in the etchant in which
case the rear face was coated with a thin layer of wax.
After etching the wax was removed by placing the crystal in
boiling hot water for sometime and then washing it with

Jukewarm water and dried.
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It is already shown that the act of cleavage
through the crystal does ﬁot change the'pasition nor the
shape of the cleavage pattern. Thus a cleavage line is
dnaffected by the process of.cleaving and hence it can be
used as an ideél landmark for determining the two possibili-

© tles created by eteching.

Experiments were made by using both the fixed
narks, viz., a seratch in the matched reglons (or a small

hole in it) and a cleawége line 1n the rear unetched face.

The fiest set of experiments consists in producing
a scrétchlon*the etched speclumen which was then re-etched
for‘a‘shorter period and the patterns in the two cases were
compared. Although, the'prpcédurg for scratching the
crystal and then takingAthe scrateh mark as a fixed one is
apparently objectionabls, agli% induces local deformation.
Even then it is adhered to because of the fact that these
\vefy experiments are‘helpfml in deciding the origin of etch

pits.

Figure 18 a (x170) represents a region consisting
of pits produced by dipping the specimen for 10 hours &nd a
scratch made by a needle, The same region is re-etched

for a further smaller period of slx hours and is shown in
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figure 18b, TFilgure 18¢ is the éompoéite picture secured by
s@perimposing figures 182 and 18b. The result is very
evident? from the figure.  Although 2 local deformation is
caused the pits do npt éhange thelr places, but are simply en-
larged due to further etching." The secratch is also etched
and widened.  Furthermore, the same figure shows crudely

@ finer proof is afforded later o), that the centres of the
pits had not changed and therefore in tha pregent case the
pits remained statichery on etching and o even on the exer-
tion of local deformation‘ig pheir vicinity. ~ Also .note that
no gppreciable number of new pits have been created due to
seratching, "This result, along with the fact that the
sharpneésAbf a cleaﬁage line before etching decreases with
inereasing etching (which appears to be due to unequal etch-
ing along the cleavage line), leads one to conclude that the
etchiég affects the cleavage line appreciably and makes it to
- displacg\from itsvogiginal position. This is also shown
by the phqtomiqrégraphs of figures 19a, 19b and 19c(x 170).

. Here in the etched specimen, two scratches were made by &
.needle in such a wéy that a portion of the cleavage line is
intercepted between them and in effect with the smxﬁ scratches
forms a trlangle. - Mark also the position of the pit on the
right hand side of the figure and on the upper part of the
scratch. The' further etching for six hours (figure 19b)
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simply widens the seratch and enlarges the pit. On super-
imposing the two piptures so that the centres of the scratceh
lings coincide exactly as far as practically possible with one
another it l1ls observed that there is a shift of cleavage line
(figure 19¢) and the location of the etch pit has not changed.
The centre of the etch pit has not changed. Although, thic -
the last point - 1s not rigomrously verified in this case, 2
separate precision experiment was conducted to examine this
point. In this experiment a sharp cleavage line on the
rear unexposed and very thin nica crystal was taken as a
reference 1i£e. The mica erystal selected was a very thin
one so that the regions of interest eonsistingzg eleavage
line ;n the front and béek surfaces can come similtansously
in focus in a medium power objective. The suriace was
observed every time after etching, for 10 hours, 16 hours and
22 hours and it was observed that the centres of the pits

remained stationary and that the line had moved.

A1l these experiments indicate that etching of a
cleaved mica crystal induces the displacement of cleavage
lines and steadiness of the pits. Now next point is to
declde vhether the movement is parallel or not. For this,
the figures 172, 17b and 174 and also figures 19a, 19b and
19¢ are subjected to severe examination., In figureg 172 or

. somewhat .
17b the first two cleavage lines arescurved ghyadshk and the
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rest of the lines are curved with a variable curvature.

From figure 174 which represents the matched regions of
figures 17a and 17b so that the pits exactly coineide it is
apparent that the movement is not paraliel, the first two
lines run approximately parallel, whereas the rest of the
lines are unparallel, to the corresponding lines on the other
counterpart. Since some of the lines are curved, the

orientation of the lines is alsoc a determining factor.

« ”\vThé composite plcture of figures 19a and 19b which
show the égme region etched for 10 hours and for a further
period of six hours, suggests that for straight cleavage lines
the movement is approximately parallel. It 1s found that for
a segment of the cleavage line such as that in figureg 19a,
"19b and 19¢, the displacement is nearly parallel but i the
measuremént of the displacement ig spreasd over a considerable
“length it is found that the“displacements are variable indicat-
ing that the shift ig not compietely parallel. TFurther

discussion of these polnts is taken up later on.

Tused Alkalies as Etchants:

Etching of cleavage surfaces of muscovite were alsoc
studied by subjecting them to the action of fused alkalies at
higher temperatures, for NaQH the temperature being 330°¢C to
500°C and for KCH, 370°C to 500°C, Etching was also studied
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at Intermediate and lower temperatures. It will be seen from
the following study that all the observatlons made by using
HF as an etchant 'are exactly reproducible barring the faet that
the etch piﬁs are triangular iniéhape and hence the obviocus

difference in the quantitative measurements.

De lavvault has also studied the etching of muscovite
by alkalies (1944a; 1946b).  His observations (1944a) show
that sodium hydroxide reacts more vigorously than KOH at the
~ same températufe,vbut gives a more rounded figure. Turther-
more the {igure produced by bases seem to be orlented inverse-
1y tO;fhose given by HF. All of the figures also appear to be
derived from the ?unda@enﬁal hexagon.- *‘Hé has also used
' varlous mixtures of NaOH and KCH{1946b) and studied the rapidity
with wﬁich the reactions took place.. The mixtures of NaCH
‘and KOH, (with different prqportioné),gtch cut 0-42 pi/min.
from muscovite at 350°C whereas the same reagents dehydrated
5 minutes at 750°C etch out 2-3 times as much, At higher
temperaﬁurgsy(!\/700°c) potash cake dissolves the muscovite
mach ﬁore rapiély. This shows thé influence of temperatures
to be much more then the activity of mixture at 380°C. During

ihese studies it is observed that the resistence of muscévite
to etehing is greater than that of the phlogopite., The etch
figures produced by sodium hydroxide are elongated isoscales

triangles whereas'those produced by potassium hydroxide were
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flattened isoscales triangles. In contrast to his earlier

assertion (1944a) no hexagonal patterns were observed.

In the present 1nvest1gation, the work which was
started by uging HF as an etchant has been extended with other

etchants, notably fased alkalies, for comparative study.

To etch the crystal at highef definite temperatures
an'elegtric oven or furnace is‘:eéui:ed. For this purpose, a
- horizontal rectangular mffle furnace manufactured by Wild
Barfield Electric Furnaces Ltd., Wabford, Herts, is used. It

conslsts of:

(1) the muffle, with lead outs and connections in
the rear,‘spring-ldaded door and protective
aﬁmosphere. |

- (i1) temperature):egulétor, comprising an energy

regulator control unit.,

(iii)vtemperaturg indicator in the form of a thermo
§e}ectric py?ometer designed for mounting
sepéfately\from #he muffle and together with
associated thermocouple and,compensating
: leads, and - .

" (iv) safety devices.

i
) [
~ e ’
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As the crystals were’to be etched at particular
fixed tempe?ature, it was nécéssary that the divisions and
scale markinés ﬁh the éentrol'kﬁob were first calibrated in

“terms of the pyrbmeter readings by trial and error. Sodium
hydroxide, éotassium hygrcxide (and mixtufés of the two in
varying proportions) were used as etchants. Sufficient
quantity of the etchant was first heated in a nickel crucible
to the required temperature. The erystal to be etched was
then dropped inéide the fused mass at the steady temperature
end was removed from the etchant soon after the required
etching time was over, ' It was then transferred to a small
dish centaining]ccnceniraﬁgd nitric acld which removed the
solidified melt from the surface leaving the crystal very
clean, It wasnfurthej cleamed with the usual reagents and

then silvered for microgcopic examination.

It wﬁs noticed that when the melt was previously
used for some period for etching in the etching experiments
‘at a particular temperature and if the.same melt was re-used
at the same (or lower or"hiéher)'temperatare, the effect of the
melt in(producing the etching was found decreased to a marked
extent, This meant that due to chemical reaction the etchant
was'completely or to a'greater extent used up in the previous

etching and hencé it could not show the full etching action
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again, This could be seen by a simple experiment. A
crystal was cleaved and one of the cleavage counterparts was
etched at a fixed temperature for a definite time (5 seconds).
Then some four more crystals were etched. The remaining
counterpart is now etched for the same time (five‘seconds).
After the approprizte cleaning, matched reéions on both the
counterparts were studied under high power microscope. It is
found tﬁat the one surface~§ﬁich was etched first - showed
very large pits as compared to those observed on the last
etched counterpart, showing theredby the differential chenical
reactions although the specimens were given the same treatment,
' viz., etching time and temperature were kept the same. In
order tq avoid this ambiguity, the crystals were alwagxs and
every time etched in a fresh quantity of the etchants, sodium
hydroxide, potassium hydfoxide and the miiture of the two in

various proportions at different temperatures.

To carry out the study, the specimens were etched
by immersing them in fused alkalles, viz., sodium hydroxide
and potassium hydroxide in a nickel crucible, the range of
temperatures being 330°C to 500°C for sodium hydroxide and
370°¢C ée 500°C for potassium hydroxide and etching times vary-
ing from a second to about two minutes. They vere examined
under Fhigh power microscope at different stages after clean-

ing and depositinglsilver films over them,
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As reported earlier on the etching of muscovite by
HF acid, here also the etch pits can be classified into two

groups. s~

(i) micropits developed at random over the whole
surface. The concentration of these pits is

of the order of 6 x 105 per en?,

(ii) large localized isolated pits of which some are
pyramidef and some are truncated or flat-bottom-

ed.

Figure (20) x 70 shows the results obtained by etching
~ with sodium hydroxide aﬁ 340°C, whereas figure (2DR)x 90
represents the same with potassium hydroxide at 370°C. In the
figure(?m@)x'750 is shown the initial stage of e%ching by
fused potassium hydroxide. All these figugss clearly show
the different types of pits, these béing elongated lsoscales
triangles in case of sodium hydréxide'etching and short iso-
scales t:ianglés resulting from the~action of potassium

: hydrdxider

These elongated isoscales trAiangular pits are
strictly oriented with their mediang to the base parallel to
the pinacoidal directions Figure (22) x 90 shows this

orientation with reference to the percussion marks obtained

¥
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in the usual way. The stronger ray of the percussion star
which is parallél to b-pinacoidal direection and the triangles
are situated as seen in figure (22) x 90. This should be
compared with the orientation of the pits produced by HF acid
and is shown inlfigure (15) x 20, where the shorter diggonals

are parallel to the b-pinacoidal direction.

The etch pits in case of alkalies are triangles as
opposed to parallelograms for hydrofluoric acid and the shapes
of the trianglesvdue to sodium hydroxide and potassium
hydroxide are apparantly different. For the pits cusz to
sodium hydroxide and potassium hydroxide ete., respectively,
the vertices are on 2 isoscales frﬁiangle with equal angles
of 65°, and 50° respectively as shown in figures (228x 360 and
(229 x 360 respectively. Thex sides are rounded as seen in
these figures. Etch figures obtained by using mixtures of
the alkalies in varying pfopartion are isoscales triangles

intermediate between the above isoscales triangular otch figures.

Figures (2B8a) .. and (23b) x 992 and (2Bc) x 992 ghow
different types viz., the first two belng flat-bottomed and the
third one being pyramidal etch pits with profile microscope;
their depths are 4.3 P 2.3‘j1'&md 0.5 j respectively. It
should be noted that figures (2Ba) and (2Fc) consist of

‘distinet steps. This phenomencn is ugually ssmxisk =R
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observed in pits on erystal surfaces, the pits belng formed
due to advance incremental etching. It appears that the
step have no quantitative cormmection with each other and are
apparently randomly formed. Such step like structure is also

. observed in pits produced by hydrofluoric acid.’
"IMM\ o

Al

; ) Figuresv(zéé) x 360 and (24b) x 360 show the matched
faces etched by sodium hydro;ide:at 360°C for five seconds.
Figure (zég) x 360 is obtained by‘superposing the negative of

" the two faces one over the other. This clearly shows that
there is a perfect matching of the éits but the cleavage lines
.are displaced, The orientation of these pits an the two
faces are also opposite and not exactly like mirror images and
xthis is expected since the clea#ége faces oppose e;ch other.
Thig point was not noticeable in the case of matching by
hydiofluobic acld as the pits were symmetrical (when the etch-
ing rate was low). The experiments. already reported to
declde the occurrence of either the cleavage line displacément
or pit shift aré also performed here by drawing'a scratch over
it. Ahcleavage line on the back surface could not be used as
a reference fixed mark as it was difficult to prevent it from
etcﬂing; since to etch the specimen it was necessary to dip
it in the fused etchant, For preventing the back surface

from etching, an experiment was, however, tried without much
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success, . In this experiment the specimen to be @tched is
placed on a‘pyféx glass plate with the surface,to be prevented
from etching facing the glass plate which was kept at a
temperature corresponding to the etching teuperature and the
fused mass of the etchant was poured over it. - Although etch-
-ing takes place only on the front surface, yet the glass plate
(which is also attacked), being hot, requires some time to come
to rooﬁ‘femﬁerature,.this cooling period being enough to bring
' apout the'sufficient advance gtcﬁing which makes the measure-
ments on individual pitsxto_ﬁe of 1little value. However, a
s1mple‘experimeﬁt is perfofmed which consgisted in studying the
..Vhshabe@ cleavage lines on:the matched counterparts through
the suqcessivg'sﬁagesof eﬁghing._ In the éarlier studles on

cleavage surfaces of muscovite , it is shown that such lines are

' . not very frequent and hence number of samples were, therefore,

required to be cleaved to obtain such lines. It is an
_established fact (Tolansky 1948) that the cleavage lines on the
matched faces represent elevations and depressions respective-
ly. Inktha‘prgsent case, V.shaped line is an elevation on one
f&ge and a depression on its counterpart. If the cleavage

_ lines displace on etching it is expected that elevation will
- on~dissolviﬂg and finally annihi;a;e with the surface
vhereas the depressed reglon wi;lﬂbecome wider and wider on
suecéssive etching. This did hgbpen on -the cleavage surface

iof muscovite (ah aiso‘on calcite to—be desceribed later oh)
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etched by fused alkalies, and thus confirmed the earlier

obgervations on the shift of the eleavage lines on etching.

The results arrived at were indeed the same asg those
already obtained in the case of matching of faces etched by HF
acid, The etéhipg»by fused potassium hydroxide of the match-

ed cleavage counterparts leads to the identical results.

Figure(2%a) x 3§Q,sh§ws one face etched by scdium
hydroxide at 360°C and figure (2%b) x 360, the counterpart
etched by potassium hydroxide at 400°C. Figure (2%c) x 360
shows the print obtained‘by'superéposing the two negatives for
comparison. There is one-to-one resemblance with regards to

the pits but the cleavage lines have moved.

Flgure (28a) x 360 illustrates one face etched by 40
per cent hydrofluoric acid whereas in the figure (28b) x 360
is shown the coﬁnterpart etched by sodium hydroxide. Tigure
(28e) x 360 isfa,print obtained sedium kbyézexkdes by super-
positipn of‘the‘two figures (ééé) and (28b). \ Again there is
a point-to-point correspondence with regaéds to the number and
" positioning of etch pits but a shift of the cleavage lines is

Seell.

4

Some typical measured depths on an interferogram

are 1,35 P to 2&16 ,P obtained by counting the number of
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fringeé>in;the pits and multiplying them by /2 where )\
for the green mercury light is 5461A.

Cleavage Shift and BEtch Pit shape:

' It is qualitatively established that on etching

. cleavage line is displééed'aﬁd the pits remained stationary.

No such displacéﬁent on etching is known for slip gnd twin
lines. (Cleavage shift on etching is therefore the characteri-
. stlc add distipguishedrproperty of the cleavage lines., Attempt
is now made to have a quantitative estimation of the displace-

ment and itévcoyrelation with the etch pit dimensions.

‘ | <Tgfle‘1 giyes‘thg dimension of the parallelogram
éﬁaped eteh pit, its depth, ané-the shift of the cleavage,
whereas Table IIféhows measurements on the isoscales triangular
etch pits proéuded by-sodium hydroxide at 360°C.
. TABIE T
(Efchant 40 per cent Hyd;ofluoric'Acid)

T D A0 Y U Ay U O D D U WS D Wy S N D G B U G W N D Bl P S OB W W T S A T W D U 5 W T G G WD T Y e

Side in - Diagonal in Shift of cleavage Variation of Depth

e, ‘ cm, | line parallel to  shift of the
' . Long Short etch pit pit,em
2.57 4,40  2.65 44256 . 4.25- 2.8  0.75
8,25  5.50  3.45 . 5.40 5.4 - 3.5  0.83
3.79° 6.65 3,70  6.62 6.62 - 3.9  0.87

5.47 9,15 . 6,00 - °  9.02 9.02 = 6.2  0.90

A I s . oy .
e gt vt s i -
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/
TABLE II
(Etchant Sodium Hydroxide at 360°C)

s o o > b - o ST T NI T S P W U0 W A S S S T S0P T A B D D e G S G S Y > -

Sides of etech pit Length of the Variation in Depth
in cm. medians in cm. . Movement of in
cleavage line cm.

in cn.

1.70  1.71 1,44 1.54 1.33 1.31 1.35 - 1.43 0.30
1.89 1,91 1.49 1.74 1.40 1.42 1.40 - 1.72 0.36
2,12 2,11 1,71 1.86 1.59 1.60  1.72 = 1.95 0.40

ST g 9O o i P MO S R 9 WIORD gt SR R gt SN g I AT ST ol . O MOMT SRS S SO P TS S S A O ot s Ve . YO SOV YOO A TR S SV it W s AT SO SR, S P G SO, Y SO el S A o e 0 4

V A1l measurements are shown at x 1800. They wWere
made by comparator and by enlarging the negatives. In Table
I cleavage shift is measured parallel to the long diagonal.
The variation column indicates variation of measurements along
the length of the cleavage line. éizes of most of the pits
Were more or 1ess equal, but thére were appreciable variations
in depth of the)pits énd hence depth measurements could not be
relied upon,  The measurements on the depth shown in the table

represents the average depth,

It will be seen from the tables that accurate corre-
lation betwéen the cleavage shift and etch pit shape could
" not be predietedi’ Patel and Tolansky (1987a) have reported
the shift of the-cleavage line roughly corresponding to the
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major diagonal of the pit. Measurements spread over the

leﬁgth of the cleavage line shows variation in dispiacement
which ‘was correlated by them with the valnég: of the major
and minor diagomals, taking into account the orientation of

the éleavage line. The present observations show the

general agreement.

From table ki the‘cleévage displacement could not
i be corré;ated with any of the etch pit dimension. Tolansky
and Patel (4957b)_repbrted that the shift of the cleavage is

equal to the side of a triangular etch pit.

The present author is of the opinion bthat it is
prem&tufe to coﬁclﬁde from a nﬁmber of observations obtained
from a stﬁéy gf only one or two‘crystals; "~ Qne should
cpnsider¢the fact that etch pits observed on crystal
surfaces have varioué shapes ranging frbm a three sided
geometricél figure to a six si&g@ one, with various degrees
of symmebry. Moreover, it is known that the shape of an
gbch pit dependé upon a~nymber‘of facto;sv(time, temperature
etc.), and in partiqular it is related Qith the symmetry of
the crystal faée. It is glso important to know the entity
wﬁth which the‘orientatibn of the cleavage line is considered.
DPhis should be thorouglly investigabted with steh pits obtained
on crystalglshoﬁing very high (aﬁd also low) degree of

symmetry. ' Before arriving‘at a definite conclusion from a
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study of only one or two crystals, it is therefore worth-
while to sStudy the shift on a number of crystals belonging
to differentfcrystal systems and its relation to the shape

of an .ebtch pit on these'crystalsg

Consideration of all these factors leads the
author to think that these few observétions are quite in=-

adequate to arrive at a definite comnclusion.

Discussion:

| De la vault has carried out extensive work on the
etéhing'of all)types.of_mica ¢rystals from the chemical aspect
of‘ﬁotingtthe guicknéss~of atback of the different ebching
reagents and their mixtures. He has given a number of

diagrams for the etch figures.

The triangular pits are expected with fused
alkall as etchants, as pointed out by De la Vault (1946b).
Although, it is known ﬁhat potassium hydroxide is usually more
caustic than the sodiuﬁ hydroxide,it is observed in the
present case that fﬁsed sodium hydroxide is having a faster
reaction than pqtassium:hydrozides This could be explaineé:-
" 'on the chemicai'reactiog on different atoms in the crystal.
The temperature of an etchant is emn iﬁybitant factor for the
guickness of reaction and a seﬁarabe experiment to study this

effept‘was carried oub.mk ¥ ¥sw In one case etching was
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carried out at a lower teﬁpefature for longer time and the

' othequaunterpgrt was etched at a higher temperature for a
shorter time. The one etched at higher temperature showed
faster reaction by way of larger etch pits, Higher tempera-
. ture also effects the‘shape of an etch pit. It should be
noted that from the bééinping:of'etéhing all the pits obtained
by fused alkali etchants; are curvilinear in outline, however,
small ﬁhé périod of etching may be. Tolangky and Patel
c{1957), ﬁhilé-studying the etching of’cctahgdrél faces of
_diamond:in fused potassium nitrate have established that the
rectilinearity of the pits formed on dismond depends in a
:sensiti#e ﬁannep’on the.tegperature and rate of etech, The
present autho£ is of the opinion that this should be true
not oﬁly for diemond, but aléo for all erystals requiring
.etching at high temperatures and as such he has carried out

B expeziments on etching of mica by fused alkalies at lower
temperatures. :The melting points of NaOH and XOH are
respectively 318,4°C and 360,4°C, ' Below this it is a
‘solid mass., Caustic soda and potash in this experiment
are.employe& ® in the form of poﬁdér. The.-etchant (NaOH)
“was képt at a temperature of about 1009C ‘and the cleaved
muscovite was ‘placed in the middle of the th;ck layer of
powder. It was kept for etchlng for 20 hours. The

mascovite was then taken out and .after appropriate cleaning
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. Beautiful trianguiar pits having)tﬁe sharp rectilinear outline
were found on the suriace‘ ‘Although the alkeli was in the
form of solid powder, it preserved its caustic property at
that temperature and reacted with the crystal. This is also
found at still lower_temperature,_but in these cases the eteh-
ing timé‘was ihcreased ffom fewvhours to several days.
bneouraged by these results, the author extended these experi-
ments at room temperature. A strong concentrated solution
of the alkali’ (sodium hydroxide) was prepared at room tempera-
ture and the cleaved muscovite was immersed in it,  After
about a nonth, thg specimen was taken out and properlﬁ cleaned
and after deuositing very thick silver film, it was examined.
This also developed extremely small sharp triangular pits.
Potass;um hydroxide also’ gave similar results. The increase
in etchlng period from a fewusecandg)to several days with
| decrease of‘témperature from ab&ﬁt 320°C:tq room temperature,

is thus, Lvery marked.

These ?iperiments show that. the shape of an etch
pit is determined by the ;ate'of etening, The plts can be
arbitrarily:produced either of rectilinear or curvilinear
- outline, Moreover, after‘a certain temperature the shape of

etch pit becomes curvilinear permanently, however, small etching
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period 1s taken. Boit below that temperature, the pit shape
Is governed by the etchingf time, being sharp at low etching and

curved at some corners with advanced etching.

The.presence of flat bottomgd pits indicates that the
imperfections existed only upto the base ané hence the reaction
is not penetrating further preferentially but the attack is
‘more on\the sides. fhe'etching on both faces of the same thin
piece of mica show that there 1s no relation between the two
and the number of pits end their locations are gifferent in the
two cases, This suggests that the imperfections asscclated
“ with the pits are not much extended in depth. In one of the
specimens studied, it was observed that 1grger etch pits were
aligned,i themselves in a line. This observation suggested
‘thai the pits might be a8t di;loqation sites, and accordingly
in the preliminary report (Pandya and Pandya 1958) this
possibility was,@ﬁiﬁted dpén: Since such alignment of pits
was obse?véd cn'qn;y one sgecimen, it wés thought desirable
z By una‘xgnxﬁmgnx #k KR khgaght to carry out detailed
study on this and other samp}es;fv Subsequent detailed experi-
mgnts‘conducted td check this result and thereby to detect
dislocationé and their movements gave neéa@ive results which
led the author to suspect that the alignment of pits in a row
_might have been due to the etching of a ¢rack or serateh in the

erystal, formed possibly during the act of cleavage., This
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point am@ly guards one against arriving at a hasty conclusion

in etching experiments.

It is well-known that dislocations are responsible
for the plastic de?ormation of crystals and as such the
application of a sufficlent amount of stress should therefore
usually result in the movement of dlslocations. If each pit
represents a dislocation interseeting the surface, movement
of dislocation should prodnce bhe’movgment of the etch pits on
the stralned crystal surface etched further for a smaller
pexicd of time, givipg»?iég tp new small pits near larger pits.
Such movement 1s observed on other c:yétals (see, for example,
Gilman and JohnstoﬁAlgsé); To achieve this, ﬁending experi-
ments were performed on mica crystals. . Many workers have
reporﬁed the” b%gng of micaisfystals to study the plastic
. deformation. Gross (1924{ studied the atomic structure of
de:orﬁe&‘crystgls, particularly mica and rocksalt, in thee
v-ré$¢§ion to the process of work-hardening and observed the
bending of mica to be purely.elgstic. ~ X=ray spectroscopic
~ study of the bending of mica crystals by the use of Johann's
sPectrograpﬁj(Yainshatiﬁ ot al; 1940) has been made to deter-
mine the mechanlsm of deformation. Their observations show .
~ that bent mica acts-as‘é row of*éma;i crﬁstals located close
to éaeh othgr. Piastic @efoppétion of ‘mica erystals has also
been studied by investigating thelr surface structure by means

of a monochromatié X=ray ‘beam iGOgoberidge and Flerova 1940).
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Their findings indicated the presence of twinning, None of
the obgervations give any con;lusiun evidence ®f regarding
disloeations. This may be due to the fact that the idea of
dislocation at that time was not firmly established and there-
. fore did not receive serious attention of the workers and
hence the invesfigationcof plastic deformation from that point
of view might not have been carried out. In the present
invésﬁigation bending experiments together with double etch
,techrls;que‘ﬂave been undertaken to locate and detect the dis-
locat;ons’and study their movements if any. Freshly cleaved
miqa erystal was etéhed for 8 hours in case of hydrofluoric
ecid etch;?g and for 2 seconds by fused sodium hydroxide at
360°C and it was then bent. by keeping it in between the gap
of a Veshaped foik, éne side of which 1s capable of movement
by a screw so that the distance between the free ends of the
fork can be altgred, thereby inducing a change in the curvature
of miga!qryétglg Degreasing thexgép by the serew increasidy
the gurvaxufe. After this treatument the erystal was re-etched
for a smaller periocds of 4 hours and 1.5‘séconds respectively.
The etch pits in the area of interest were then critically
-examined to:obéerve their @ovgment if any. Several pleces
were used in this experiment and the bending was progressively
inereased so that the specimen was on the point of rupture.

Even then no movement &f theé pits was observed., Another
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experimenﬁ based on the‘matéhing of cleaved counterparts was
also performed in whicﬁ one surface was directly etched for
the specified period and the other was given bending treatment
in the same way ‘as above and was etched for the same period.
The two counterparts were then studied. This showed the
perfect matching of the plté and the movement of the cleavage
lines as reported earlier. It should be recalled that in the
earlier experiments on matching a scratch was used to decide
the movement of cleavage liﬁe or etch pits on etching. It
‘was also remarked that no appreeiable number of new etch pits
were formedu Such a scratched speclmen was also subjected to
Fbending as mentioneé above and was sunsequently etched. . The
observatibng disclosed no movement of either the new or old

- pits.’ Allhthese experiments indicate that etch pits are not
' probably at dislbeation sites.

- The perfect matchihg of the pits obtained by two
different etchants on the two counterparts of cleavage faces
suggests that the isolated pits could be due to latbice dis~
tottians in these areas produced by some eleavag chenical
impurity centres. If they were just chemical impurities or
inclusions, the "two diffgfent etchants viz., HF and NaOH would
not necessafily hgve reacted a; the same places and affected

the counterparts equally.
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Conclusions- .

In conclusion 1t can be said that the plts originate
at impurity centres, giving rise to latitice distortion,
sﬁrrounding the impurity, in mica crystal and not at disloca-
tion sites as found in several other érystals such as calcite

as reported in the next chapter.



