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CHAPTER III /

CHEMICAL ETCHING

3.1 INTRODUCTION:

When a crystal is attacked by an approﬁriate
solvent which chémically or physically dissolves it,
the initial dissolution begins at certain preferential .
points. This phenomenon is known as etching, which is
as 0ld as the art and science of metallography. I£
gives rise to vérious types of geometrical features on
a crystal surface. It is well known that s;ng}e‘crystals
are anisotropic. The rate of attack on the crystal
surface is anisoirépic, being different along dgiferent

directions. This anisotropy usually gives rise to the
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"~ production of conical depressioné with regular
geometrical outlines on crystal surfgpes. They are
usually known as eteh pits, etch marks or etch figures,
The form and symmetry of etch pits were used by
ﬁineralogists to determine crystal p;anes and their
orientation with one another. At tha% time, production
of etch pits on a crystal surface was not understood
satisfactorily. Dissolution of crystal surface is now
thought/to occur by retreat of monomolecular steps!
being reverse to that of growth, which takes place due
to the motion of steps on a surface, It is believed that
when a crystal face is exposed to a solvent, disselution
usually beging by the nucleation of unit pits of one
molecular depth at relatively weak spots on the surface.
These unit pits grow as steps retreat across the crystal
surface through the action of kinks.

\

The understanding of etch phenomenon was
enhanced by thevrecognization of various types of
imperfections in a crystal; The defect. peints are not
bound with the suriace as stréngly as the other points
of the orysfal. ‘They need less energy to dissociate

than' that required by voints (atoms) in the regular

structure. If chemical or.ph&sical change gives
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sufficient energy to dissociate imperfections from

the exposed surface, etch pits or etch figures are
observed on it. It is net necessary that solvent
should be'presént at the time of etching, other
apﬁropriate physical conditions such as ionic bombard-
ment, temperature etc. also help to form etch pits

at preferential points on-a crystal surface. Following
are the ways of obtaining preferential dissolﬁtion on

a crystal surface (i} Chemical etching (ii} Thermal
etching (iii) Ionic etching (iv) Electrolytic etching
and'(v) Etchiné by &ehydrati;n.” The etch patterns
obtainéd by any one of the above methods are studied
by high resolution optical techniques, or by X-ray
microscopy or by electron microscopy. The behaviour

of materials towards a given method of étch depends
upon the nature of the material and other environmental
eonditioqs. For example, it is presumed that the first
step in the dissolution prooeés of metallic crystals is
the oxidation of the metal followed by the removal of

the oxide film.

Chemical etching produces usually a few or all
features oﬁ a crystal surface mentioned below:-

(1) Etch spirals (2) Etch pits, terraced, flat-bottomed
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and point-bottomed, (3) Linear etch' rows (4) Polygonized
etch figures (5) Tunnels and dendritics etch figures

and (6) Shallow pits, pits with beaks, etch hillocks etc.,

'
Though etching has become an impqrtant technique

for study of dislocation properties of solids, the

basic mechanism.of chemical etch piftiﬁg process is 9ot

yet well understood. This is indicated by the use of

trial and error methods by wﬁich all the known dislocation

etch pitting solutions have been‘develoged and more often -

than not, the occurrence of ‘an accidental contamination

of seome trial solution leads to the successful etch pitting

solution, Substantial work on'etéhing of different crystais

is now aﬁailable,in literature and is reviewed from time

to time by fesearchers. (Regal et al., 1960; Johnston, 1962;

Robinson, 1968}, Some impéftant salient features associated

with chemical etching are given here with special reference

to etching of ionic ecrystals.

3.2 THEORY OF ETCH;PIT,FORMATION AT DISLOCATIONS:

The formation of etch figures may be divided into .
two stages {(a) nucleation of pits (b} formation of visible

pits. The first is a sufficient condition for etch pit
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formatién while other is a necessary condition of

etching. Detaliled understanding about the formation

of dislocation eteh pits is of vital importance for
developing new etchants with specificlcharacteristics

which in turn are likely to promote better undersfgnding

of the mechanism of chemical etch pitting proceés.

i

'Daniell (1816} whé was a pioneer in etching
work tried to correlate the nature of etch figures with_
the molecular structure of the crystalline solids.,
Increasing interest in the phenomenon ef etching is
éttributed mainly to the efforts of German scientists, ,
in the later half of nineteenth.eehtury. The first
attempt'to explain, several aspecis of ehgmical process
of etching is due to Goldschmidt {(1904). According to
him the chemical reaction ﬁetween‘the éorrosive and
surfaces gives rise to currents, some of which are .
directed towards, and some are away from the surfaces,
the intefference of the ascending with the descending
currents tends to form eddies, each of which is.a startingv
point of a pit; He reported the oépurrence of ﬁreferential
etching along finé scratches, impurities, inclusions,
dust particles etc. Further ipterest was created in the

etching method with tﬁe di scovery of X-rays and the
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development of the X-ray analysis of the crystal
structure, The impdrtanee of chemical etching was
increasingly felt when it was used for revealing

dislocations and other kinds of structural defects.

In order to explain the discrepancy between
the calculated and real yield stress of crystéis, the
concept of dislocation was introduced by Taylor {1934},
Orowan {1934} and Polanyi (1934}. A dislocation model
vas proposed—hy Burger (19@0), for the boundary bétween
crystals of different orientétion as well as the relation
between 6 the angle of ineclination of thelcrystal,
b the magnitude of Burgers vector and the dislocation
spacing D, viz.; D = b/6. Vogel et al. (1953) confirmed
this identity of fhe disorientation measured at a sub-
boundary by X-ray diffraction and inferred from the
spacing D of dislocations revealed by etch pits, This
was the first proof giving correlation between etch pits
and dislocations in a lineage boundary as well as for

isolatved edge dislocations.

The first extensive theoretical treatment of the
nucleation of etch pits at dislocations was given by Cabrera

{1956}, Cabrera and Lavine (1956}. They postulated
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that the strain energy localized in the vic;nity of

a disiocation, iowered the free energy required for

the nucleation of a cavity of unit depth at the site

of intersection of dislocaéion with a crystal surface.
This léads to preferred dissolution of the surface at
the dislocation sites. ‘Gilman {1960) has eriticized
the above model because elastic strain energy of a

pure screw disloéatioﬁ‘is zero at the surface and both
tyées of'diglooations {(having some finite energy at the
surface) seem to be»etched in almest identical fashion.
He- has suggested that the dislocation core energy is
more iﬁportant than the elastic strain energy for the
hucleation of etch pits., This is supported by the
observations: (i)} The dislocations in metals are more
difficult to etch than those in ionic or covalent crystals.
The core energies of dislecations in metals are less than
in other\types of materials while the elastic strain
energies of dislocations are about the same for all
materials., (ii) Since overlapping strain fields of'
dislocations closed together tend to cancel out, it
would be expected on the basis of Cabrera's model that
widely sepafaﬁed dis}ecqtions would etch at différent
rates than ones closely spaced;'contrary to this, it

is observed that the etch pits at isolated dislocations
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within subgrains of a crystal are of the same size
as the etch pits in the subboundaries. (iii) Dislocations
having quite different core structures in a given iryétal
etch at quite different rates (thas and Lavine, 1960).
Schaarwachter (1965) has modified Cabrera's treatment
taking due caré of gére energy suggested by Gilman. He
distinguished three cases depending on the relative
importance of the contributions of the dislocation cere
and elastic strain energy. (a) Only the core energy is
important in lowering G (chaﬁge in free ehergy of a

two dimensional nucleus formed at a dislocation). This

¢
‘ +

is probally the case for metals. (b} Both the cor? and
strain energy contribute to lowering of '~ G; this is
possibly the case for ionic and covalent crystals with
small Burgers vector. (c) Only the strain energy of
the diélocation is significant, and Cabrera's model is\

valid. - This case applies to materials haviﬁg large

Burgers vectors e.g. organic materials,

3.3 FORMATION OF VISIBLE ETCH PITS:

The necessary condition for the formation of
Visiblehetch pits is governed by the kinetics of

dissolution ledges as they move across the crystal
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surface during dissolution._  Successive monomolecular

ledges usﬁally sweep  acCross ciose~paeked surface. 1In
order for an etch pit‘to be visible under an opticai
microscope,the slope of the etch planes should be at’
least about 3° with respect to a close-packed surféce.
Experimentall} measured pit slopes for several
successful dislocation etching solutions have indeed,
been found to lie in the range of 5-12¢, In order for
the eteh pit to ﬁave a éufficiently stéep élope, the
ratio of dissolution velocify Vh (normal) to V1 {lateral
~or ledge dissolution velocity)“muét be gfeater than a
certain'value, 0.1. Second condition is thaf'the
dissolution Velocity at the dislocation be greater than
the average vertical dissolution\velocity VS of a

dislocation free portion of the surface. These necessary

conditions can thus be written as:

vn/v1 > 0.1, Vo V.

For a symmetrical pit, all planes forming a pit
are equélly inclined, while slopes of these planes are
different for asymmetric pits. A detailed study of slopes

of etch pits was systematically done by Ives and Mcausland

(1968). They have classified pits into three catégories,
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depending upon the various ranges of slopes of pits
on {0001) surface of zinc crystals. They reported that

planes of the etch pits were vicinal faces.

‘Impurity may segregate around dislocations in
impure érystals. Impurity may enhance gfeateriehém;eal
reactivity, giving rise to preferential two-dimensional
nucleation in metal crystals. It is normally observed
that etch pititing solutions for'most of the metals and
semiconductors studied so far are strong exidizing agents.,
It is presumed that the first step in the dissolution
ﬁrocess is an oxidation of crystal surface. This is
followed by the removal of oxide layer. It was observed
that oxide nuclei were formed on pure Cu crystais ( Young,
1960} and on Ge crystals ( Faust, 1963}. However, thése
oxide nuclei were not related to dislocations. The
influence exerted by impurities on and around dislocations
has been discussed in detail by Gilman et al. (1958} on
LiF érystal which was etched by water with the addition

of impurities such as FeF AlF, etc. They found that

3!
nature of etch pits was depeﬁdént on thé concentration of

FeF3 in solution. The function of FeFé is to inhibit

the ledge motion. It means that Vi depends ‘upon Fe*?t

. T - .
concentration. The Fe ion {and such others in about

+

5
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30 compounds) retards the step motion, apparently by

adsorption on the steps, but does not seem to effect

+ b

V,. Cations (Fe™*, 41™*" etc.) are believed to have

’strong tendeney to form (FeFG), (A1F6) complexes and

that is why they play a méjor role énd anions do nét

effect the pit formation. Cabrera {1956} examineé‘
theoretically the conditions for the formafion of etch

pits and oxide nuclei -at dislocations. He observed that

the energy associated with the dislocations having large
Burgers veector, is sufficient to cause etch pit or

oxide nuclei. Sears (1960} reviewed theory of Cabrera

and modified it by including the effect of solution

poison, Step poison increases the rate of two-dimensiénal
nucleation at fixed supersafurations but markedly decreases'
the rate of sitep motion or of spreading of newly formed
layers. Ives and Hirth (1960) studied the etch pit
profile as a functibn ofaboncéntration of LiF and FeF3
in thé etching solution. The results were cdnsistent wi th
a mechanistic theory invol?ing dissociation of LiF from
unimolecular steps on it and subsequent diffusion into
solution if a time-~dependent adsqrption of FgFé poison

at the reced;hg unimolecular steps was invelved. The

above theory deals with ‘'part diffusion part inhibitor

'
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control oflledge kineties'. It explains very well

other results except slopés of etch pits. According

fo this theory, the §lope pf a dislocation pit should
decrease with decreasing undersaturation of pithium
fluoride. ZExperiment showed the pit slope to be
essentially independeﬁt of LiF concentration. The
explqnation given for the discrepancy was thét the
accumulation. of an dinhibitor on a given ledge inecreased
as the distance between ledge and surface increased

i;e. it is a time-dependent process. Westwood et al.
.(1961) used aqueous solutions of long chain fatty aecids
to reveal the point of emergence of dislcations in LiF,
This shows that fatty acid may ﬁrovide a ready source
of potential inhibitors for a variety of crystal-etchant
systems. Chemisorption and complex formation in this
process is likely to affect the core ‘energy available
for the nucleation of kinks. Ives and Raﬁchandran (1967)
studied the morphology of etchéd LiF surface with an
eleétron microscope. It reveals coiplex structﬁre of
surface ledges on (100} cleavage face of this c;ystal.

" The ledge structure is complex due to irregular inhibition
by the ferric ions, Haribabu and Bansigir (1969) after

studying the role of poison and undersaturation of the
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etching mechanism,Vconcluded that the stability of
the-compléxes formed at the kink site and those formed
in the solvent layer very close to the crystal surface
played a very important role in the formation of etch

pit.

It is known thaﬁ the optical resolution of a
microseépe\is inadequate to observe the afomie steps
or the small bunches of steps in the pit nucleatién and
early stages of growth. How do steps move during the
etohing.of a crystal? Whére does it (poison) act?; How
does it act for inhibiting the nature'of steés? What '
is the exact role of poison? The present theory is not-
yet developed to the extent of'answering convincingly

these questions.

3.4  BETCH PITS AND THEIR CHARACTERISTICS:

The most noticeable feature on a chemically
; , '
etched éurface consists of etch pits. They represent
’ £he early stages of crystal dissolqﬁion.and subsequent
information concerning the origiﬁ, distributign,and
'other important aspeéfs of pits have been sought by many

workers. Etch pits are used to locate dislocations

terminating on a crystal surface. Density of di slocation

~
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etch pits usually remains constant for different

periods of etching. Generally it ‘is higher in metal
crystals (105 to 107/cm2), than in ionic crystéls
(103 to 105/cm2)‘ Crystals with low dislocation

‘éensity are desirable. for study of individual éislooations
by etch pit technique. Whether all etch pits reveal
dislocations or all dislocations give rise to etch pits

is a question, which is not yet fully answered. Dislocation
etch pits are usually of same size and shape butimay be

of di fferent depth. The di fference in depth may be due

to inclination of dislocation line or enexrgy of a disioca-
tion. Patel and Ramnathan (1964) observed oppositely
oriented triangulér etch pi%s—as"weil as hexagonal etch

pits on octahedral cleavages of diamond. They explained
these observations by assuming di fferent eﬁergies of various
dislocations inside the crystal. It is well Enown that -
dislocation line never ends within‘a crystal. However,

if it remains inside the_crystal it must form a~cloéed

loop. The disténce between the positions of depth points

of'a pair of point bottomed etch pits produced on a

dislocation loop are varying with etching time and when

the 1o$p is exhausted pits coaiesce with each other and

form a single pit. Due to non-existence of dislocation

1
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line it becomes shallower on further etching.

The different types of dislocation eteh pits
(symme tric and asymmetric) weré’produced on cleavage'
surface of NaCl and LiF by Amelinckx (1954) and Gilman
and Johnston (1956) respectively. This is found to
be due to different inclinations of edge and screw
dislocations. Gilman and Johnston {Loc.cit.) have shown
that edge‘dislocation lines lie norﬁal to thé'plane of'
observation in LiF crystals; hence symmetric pits arise
. after heavy etch ﬁy CP-4 etéhant, while screw dislocations
lie 45° to the ﬁlane‘of observation and etching of the
screw éislocations gives rise to asymmetric etch pits
though symmetrical etchant was used in both cases. They
could also distinguish between aged and fresh dislocations.
Etch pits formed at aged dislocations are shallower than
those formed at fyesh.dislocations. - The different fypes
of etch pits (edge and screw) terminéting on grain
boundaries were distinguishe&'by their vérying depths on
surface of NaCl crystals by Amelinckx (1956}. Livingston
(1962) developed etching, technique .to distinguish between
gositive and negative edge dislocations in cop;ér. He

found two different types of pits (light and dark) on the
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{(111) surface of copper single crystals. Marukuwa
(1967) also observed dark and light pits on Cu (111)
surface. He concluded that pits at screw dislocations

had dark appearance.

<It is now known that shapes of etch pits are
functions of cencéntratiogrof etehan%, etching time, -
temperature and other condition of etching. The shapes
of pits produced by various etchants of different
concentr;tions on calcite cleavage surface were studied
" by Honess and Jones (1937), Keith and Gilman (1960},
Patel and Goswami (1§62),1Pandya and Pandya (1961},
Mehta (1972). The bounding side of a pit may be rectili-
near of eurQilinear depending upon the energy of an etchant.
Tolansky and Patel (1957} observed rectilinear etch pits
when etching was carried out on octaﬁedral faces of diamond
by fused potassium nitrate at a. temperature below 475°C,
while at 525°C, etching was muach faster and the sides.of
pits becone founded. Pandya (1969)\had also studied the

aspect: of curvilinearity of etch pits for various crystals,

such as calecite and mica,

/

The present author has made a detailed systematic

study of different shapes of pits produced at different
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temperatures by different concentrations of various

etchants on cleavage faces of calcite.

Etch pits are usually of three types i.e. '
(i) Flat;bottomed,‘(ii) Point-bottomed and (iii) Terraced
etch pits. The third type may further be subdivided
into (a) Flat-bottomed with terrace structure {(b) Point-
bottomed and terraced with closed layers or wiﬁh spiral
formation. Flat~bottoﬁed pits oceur on etched surfaces
at the sitesuof point defects. This is dué to formation
of chemically highly resistant léyers after pertain
dislocation at point defects, where Vh has extremé;y
small value, nearing zero. However rate of surface dis-
solution VS, does not,beébme zero thereby increasing
shallowness of flat-bottomed pits.l Point»béttomed pits
are observed at line defects intersecting the pléne of
ohservatiah. Depth of a point bottomed etdﬁ pit usually
increases with etching time. There is also variation of
normal velocity of dissolution Vh with etching time.
Hanke {1961} observed different slopeg of the same etch
pit; for different periods of etching by the same etchant.
Terraced eteh'pits\are formed at the dislocations associated.

with the impurities (Gilman,’1960). Sometimes the distance,
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unequal. This was explained on the basis of unequal

5

. \:*a
between any two successive layers of terraces are®

distribution of impurities around dislocations. Ianke
' {loc.cit.) has also observed stepped structure of etch
pits on cleavage faces of calcite erystals etched by

low concentration of glacial acetic acid. He explained

i
1

that dissociation constant of the etchant at low
' concentration was more, while reaction product was
considerably less. This gives rise to a stepped structure

of etch pits., y

The eccentricity of an etch pit arises due to
the non-cqincidence of geometrical céntfe with the depth
point, in the plane figure of etch pit; It is reported
in many cases (e.g. on NaCl by Amelinckx,'1956), on
diamond by Patel (1961), on calcium fluoride by Patel and
Desai (1965), on gypsum by Patel and Raju (1967). They
had explained the formation of thé.eccgntric pits at the
seat of inclined dislocations ending on the'surface 9nd
found no effect due to the concentration of an etchant.
on the eccentricity of an etch pit. Recently Mehta (1972)
showed very clearly that besides other factors coneentratién
of an etchant does affect the eccentricity of an etch pit

on calcite cleavage faces.
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3.5 REACTIVITY OF SOLIDS:

A detailed understanding of the reactivity of
solids is possibie only wﬁen the following‘conditions N
are met: (i} The morphology of the reacting surface is
understood. (ii) The mechanism of the reaction is
n ,
kﬁown. (iii) The kfnetics of all processes occurring
" at the surface are established. In order to understand
the complex reactions occurring on the surface during
étching précess, one has to consider Laidler's theory
of heterogeneous reactions which deals with %he
dissolutien of a solid in a liquid, forming products,
According t;j%heory a reaction occurring at a surface
may, in general, be separated into five steps, the slowest

of which will determine the rate of the overall process.

The successive stages are:

1. Yolume diffusion of the reacting species
to the surface.

2. Adsorption of the species on the surface.

3. Heaction on_the surfacé.

4. beéorption of the reaction products.

5. ?Olume diffhsion\df the products from the

surface,
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The surface reactions generally have activation
energies of the order of 30 K cal, whereas for the
diffusion proceééés the values are very small 10 K cal.
Diffusion is also frequent1y~theNrateretermining step
in the case of solid-liquid reactions, owing to its
relatively slow rate in solutioﬁ. In general the processes
2 and 4 may be expected to be the siow steps in a hetero-
geneous re;ction, provided the aetivatisn energy of
adsorption or desorption is high. Because of low activation
energy: the surfape reaction 3 is rabid. Such a rapid
reaction is generally to be expected if the adsorbed
particles are atoms, the combinatibn of which requires
\little or no activation energy. Accordinglto the proposed
mechanism, it is'very probable that the actual combination
of atoms on the surface will be rapid, and[hence the slow
stage in the reaction should be adsorption of the reactant
or desorptioen of product.

Several workefs have developed dislocation etchants
for calcite crystal but the present author has not come
across any systematic study on kinetics of the entire etching

process, which.determine the shape of the pits. Hence an -

attempt is made {0 relate reaction rates and facet fermation.--
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Faust (1969) studied the reactivity of germanium
in various oxidizing and complexing agents and saggested
that the shape éf the pit was controlled by the oxidiziﬁg
agent and‘the complexing agent controlled the rate of
attack. Vaghari and Shah (1974} studied the effect of
different etchants containing different concentrations of
oxidizing agents on Bi-single crystals and suggested that
the shape of the etch pits was dependent on the strength
of the defects and reactivity of etchants., 1In contrast
to them Bhatt et al. (1974) observed that the shape of the
etch pits was neither(depeﬁdent on the type of éxidant
used in the etchant nor on the apparent activation energy

associated with the etching process.

Baranova and Nadgornyi: (1969} calcglated the
activation energies for the dissolution process aleng
dislocations (En) and the tangential movement of steps (Et)
in'glaeial acetié acid and acetic acid containing water., ‘
They have cencluded that the activation energy is determined
ﬁy tpe composition of the etchant. Haribabu and Bansigir
(19%0) calculatedithe values of Et ahd Es for NaCi crystals
émplo&ing several etchants. The& showed that ﬂEt is always

more than Es‘ The present work reports a systematic study

of the activation energies for the dissolution of the surace
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ES and for the tangential movement of the steps away
from the source Et for calcite crystals in different

etchants.

In addition to the above work it also reports a
detailed study of the effcet of, temperature of etching
on the characteristices of etch patterns and, catalytic
action of d.c. electric field on shape, siée, orientation
and eccentricity of etch pits on cleavage faces of
nratural calcite crystals. It presents a detailed
analysis of the rates of, surfacée dissolution, tangential

dissolution and normal dissolution on calcite. cleavages.
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CHAPTER IV

EFFECT OF TEMPERATURE ON ETCH PIT SHAPE

4.4 INTRODUCTION}

Witﬁlthe rééognisatidh of imperfections in
nearly perfect crystals (Seitz, 195?)'and their vital
.role in controlling vari&ds stfueturé sensitive
‘properties, the etch technique has assumed greater
importance. It is nowadays widely ﬁsed to detect and
study dislqcafioﬁs in crystals. Several workersihaye
reported dislocation etchants for calcite cleavages and
Athe present author has carried out a detailed systematic

optical study of a few characteristic features of etch

patterns on a cleavage surface of calcite.
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The shape of an etch figure is dependent on
the natdre; concentration,Aeomposiﬁion and temperature
of an étchaht. Thus the earlier workers reported the
occurrence of different shapes on cieavage faces of
calcite due to various types of etchants. Even with the
same etchant, the change in concgntration had a signifiecant
effect on the shape of etch pits (Watt, 1959; Stanley;
1959 ; Pandya and Panéya, 1961; and recently Mehta, 1972
etc.). In all cases the diluent used to change the
concentration of an etchant is distilled water in which
calcite is very sparingly soluble (0.008 gm/1it at 20°C).
It is thus clear that with the same etchant, either
concentrated or diluted, the chémioal reaction is not
méterially changed. However, the rate of reaction on a
cieavage face of calcite changes and this gives rise to
production of etch pits of various shapes. This obviously
points to the unusual characteristics of calcite cleavages.
It was also reported that éven with the same concentration
Sf an eteﬁant, the rate of\stifring of the so;ution has a
marked effect onatpe shape of etch figures (Hanke, 1961;
Mehta, 1972}, In most of the cases earlierﬁworkers have
‘ﬁseg acetic aci& and hydrochloric acid as etchants which

-

are optically inactive. To facilitate comparison with
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their etching work, the present study was made by
usihg the above two etchants only. The shapes of the
etch figures produced by these etehahts as a function
of temperatufes énd concentrations are discussed in

¥

this chapter.

4.2 EXPERIMENTAL:

‘

Natural crystals of calcite were obtained

' A

- from various loéalities in India (Sivarajpur, Pawagarh,

Broach (Gujarat State); Rajasthan State etc.). The

orystalé are fairly b{g with their sizes ranéing~from

1 em t0 15 cm with cross sectional area of the order

of 3 emx 3 cm. A bié crystal was selected and etching

work was carried out on small pieces obtained by

cleaving such a crystal. Calcite crystal was cleaved

in the usual Qay i.e. by gfving a sharp blow with a

hammer on a razor blade kept in contaet with the crystal

‘along the cleavage direction. The cleavage surface was |
/

fully immersed in a still etchaﬁt of known concentration

" for desired time of etching at constant temperature.

The temperature of etehant~was.maintained to within

_iO.S“C by a regulator attached to constant temperature

water bath for studies at higher temperatures and by ice
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for studies at lower temﬁeratures. The concentration

is usually expressed b& quantity {volume) of acid
contained, in total volume of 100 cc., After eteching

the crystal for a given period, it was kept in running .
distilled water for scme£ime{ It was thén dr%?d by the
hot air blower. The cont?ast in the etch pattern under
high magnification and resolution is usually poor. This

is therefore, enhanced by depositing silver film on the
etched surface by thermal evaporation techniqué described
in Chapter II. High resolution microscopic technique

with a varié%y of illuminétions waé used to sfudy the

etch pattefns on the cleavage faces. In all the cases

- the oehtral region of the cleavage surfaces was investigated
in detail., This was necessitated by the fact that the
edges from‘wﬁich the cleavage had propagated, were regions

of high distortion.

4.3 OBSEﬁVATIONS AND RESULTS:

Change in shape of etch pits with change in
temperaiure of di fferent etchants: .

4.3.1 Etchant A : (1% hydrochlorie acid, A.R. quality,10N}).

It is known that calcite reacts very strongly with

concentfate& inorganic acids. Strong’hydrochloric acid



XHO
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reaets violently with calcite to form highly soluble
reaction products, calcium chloride, water and gaseous

- carbon dioxide. The later goes to the atmosphere.

In order to assess the influence of various
faetors‘on shape of eteh pits, it is desirable to vary
systematically one factor, by keeping all other factors
constant. In the present work, the effect of temperature
on the etch‘pit shaée is investigated by keeping all
other fTactors including time of etching constant.

Fig. 4.1a (X110} shows a photomicrdgraph of a freshly
éleaved surface etghed by 1% hydrochloric acid for

20 seconds at room temperature whereas its counterpart
was etched by tﬁe same -etchant for the same period at

5°C [Fig.4.1b (X110} ].

Certain characteristic featareQAOI the se
photomicrographs of oppositely matéhed cleavage faces
of calcite are as follows:-— »

(i) The cleavage liﬁes‘oh fig. 4.1a and 4.1b‘
are affécfed by etching, ghowing clear shift in -
accordance with the observations reported by earlier
workers (Patel and Tolansky, 1957; Pandya and Pandya; 1959 3,
Further %ﬁere is no'eorrespondence for cleavage line B

{Fig. 4.1b) with that on Fig. 4.ia. This shows that
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the rate of etching of surface shownéin Fig.4.1a must

‘be fairly high‘compared to that in Fig. 4.1b. This is
supported by the fact that though tﬁe period of.etéhing
is same for both counterparts almost all pits (Fig.4.1a)
have bigger sizes than those in Fig.4.1b., Roonm fempera-‘\
ture (35°C) etching has produced’pits with outlines of
almos% r;éular pentagons (Fig. 4.1a) whereas low
temperature etching (5°C))ﬁas,produéed curvilinear
quadrilateral pits (%ié.é.ib). The eccentricity of
regular pentagon pité is praéticélly zero whereas the

pits. with curvi;inear quadrilateral outlines ére eccentric.
The sloping planes producing quadrilateral and pentagonal
6utlines.are of unequal sizes. The tangent at the central

point of the curved line in quadfilateral pits is perpendi-

cular to the line of symmetry [[1107 .

(ii)} There is a good correspohdence for the rows
of etch pi%s.in both the photomicrographs. The number
of pits per unit length of the row in Fig.4.ia is less
than that on F%g.h4.1b. Hence the pité are more ciosely
spaced in Figié.ib. Thismappears to be due to the fact
that many ﬁits in sucﬁ a row, unlike the row pits in

Fig.4.1a, are having terraced structure.
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{(iii} Although the thermal condition of etching
is different in beth the cases,there is a fairly one
to one correspondence of efch pit position in both the
photomicrographs. However, there is not complete corres-
pondence of etch pits on Figs. 4.1ia and 4.1b so far as

the characteristics of these patterns are concerned.

(iv) Flat-bottomed pits 3, 15 and 17 (Fig.4.1a)
match with tﬂe point-bottomed, pits in the eorrésponding
pqsitioﬁs.‘ Sihilarly point-bottomed pits 2, 10,13, 14,

16 and 19 (Fig. 4.1a} correspond with identically numbered
pits (Fig.4.1b). In'this correspondence there are subtle
differénces: ” ‘

(a) Pit no.15 is surrounded by peint-bottomed

pits 14 and 16 (Fig.4.1a) whereas the poeint-—
bottomed pit no.15 (Fig.4.1b} is flanked by

flat-bottomed pits 14 and 16.

N (b) Flat-bottomed pit no.3 {Fig.4.1a) hasl
- éorrespondence with a point»bottémed pit no.3
(FPig.4.1by., The adjoining pit no.2 in Fig.4.1a
is point-bottomed whereas in Fig.4.1b is found
at tﬁe eorresponding place a flat-bottomed pit.
Further the order of pits (Fig.4.1a) viz. flat-
bottomed pit followed by point-bottomed pits

is different from that in Fig.4.1b which shows



at the centre a staunted flat-bottomed

pit with peint-bottomed pits on either side.
Also note that a few sloping faces of point-
bot tomed pits/n0.2 and 11 (Fig.4.1a) are

not clear. .

(¢} For a group of pits mo.17, besides the
éharaeteristics mentioned for pit no.i15
(Fig.4.1a), it is of interest to note that
the flat-bottomed pit (Fig.4.1a) has a

correspondence with a terraced pit (Fig.4.1b).

) (v}\ (a) Flat-bottomed pit no.10 followed by point-
" bottomed pits no.ii and 12 (Fig.4.1b) has
| a correspondence. with point;botﬁomed»pit no.10
. associated with point-bottomed pits no.i1 and

12.

(b) Point-bottomed pits13 and 19 (Fig.4.1a)

" correspond with flat-bottomed pit 13 and 19
(Fig.4.1b).. It is interesting to note that
flat-bottomed pitsno.13 (Fig.4.1b} has a
terraced structure whereas such sfructure is

absent in pits no.13 and 19 (Fig.4.1a)
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(vi) For pit no.8 (Fig.4.1a) the corresponding /
pit position in Fig.4.1b is missing.

(vii} It is quite significant to note that non-
terraced pits no. 9, 10, 11, 13, 17 and 20 (Fig. 4.1a}
match with the identically numbered terraced pits

(Fig.4.1b}. Most of these pits in both these photemicro-

graphs possessed sharp point of maximum depth.

(viii) A terraced pit no.18 (Fig.4.la) matches

with a pit no.20 of similar structure (Fig.4.1ib},

It should be remarﬁed that the present author
had caréfdily studied several matched cleavage counterparts
and almost all characteristics mentioned above were
observed. Further curvilinear quadrilateral outline of
etch pits (ﬁig.4,1h) could be observed upto etching
'tehperature’ 0°c to 10°C. As the temperature of etching
increases from 0°9C to 16°C, the pit shape remains
practically of tge same ;ypei However, with fixed time
of etching the lateral area of ﬁits on the cleavage surface
increases with temperature. further:the author could not

conclusively establishu® the linear relationship between

a
the area oprit; and temperature.
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It should be noted that the ‘quadrilateral pits

have only one side curved and the convexity of this

curved side is towards the corner where the crystal

edges making obtuse angles with one another meet.

It was also observed that the cur&ilinear
quadrilateral pits can also be produced on calcite
cleavage faces by A.R. quality hydrochloric acid with
concentration ranging from 2.0% to 4.0% at room
temperatufe. This shows that low temperature etching
by 1% hydrochloric acid is equivalent to room temperafure

<. etching of caleite cleavages by 2.0% to 4.0%.

Figures‘4.2a and 4.2b (X100} represent photo-
micrographs of oppositely matched éleavage faces etched
by 1% hydrochloric acid for 20 seconds at room temperature
and at 55°C respectively. It is clear that the geometrical
outlines ;f pyramidal and fiat~bottomed etch pits on the
cleavage surfaces are nearly regular pentagons (Fig.4.2a)
and hexagons with fairly less eccentricity (Fig.i.zb}. '
The outlines of hexagons are not regular\and‘sharp; the
éuality or texture of the surface (Fig.4.2b) is more rough
than thaylof Fig. 4.2a, 1In a&ditibﬂ to several- features
. mentioned above for photomicrographs (gigs.4.1a and 4.1b)

. pis

e.g. correspondence of point«bottomedA(S and 4 in Fig.4.2a)

-



FIG.4-3a X 130 F)G.4-3b X130
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with the ﬁlat-béttomed,pits (3 and 4 in Fig.4.2b};a
correspondence  of f{lat-bottomed pits (like 2 in Fig.4.2a)
’?ith point-bottomed pits (like 2 in Fig.4.2b), métching '
of a point-bottomed pit (i in Fig.4.éa) with the corres-
ponding point-bottomed pit (1 ip Fig.4.2b}), the densities

of pits on both the surfaces are almost equal.

Figs. 4.3a and 4.3b (X130) exhibit another
pair of"matched cleavage faéés efcﬁ;%y 1% hydrochloric
acid for 20 seconds at room temperature ;nd at a tempera-
ture of 759C respectively. The geﬁeral features mentioned
above (Fig:i.ia , 4.1b and 4.2a, 4.2b} are reproduced in
the se ﬁﬁotomicrographs.‘ HoweQer the %emperature‘has
greatly affected the shape of etch pits in Fig.4.3b;
the geometrical outlines of etch pits is ghémbic with

shorter diagonal along the difection [110] .

4.3.2 BEtchant B : (0.45% double distilled glacial

' ‘ acetic acid)

In order to study the chgngé*in morphology of
etch piﬁs and the change in order of shape cycle of pits,
it is felt that tﬁe use of other etchants of entirely
different chemical nature is likely to throw more light

on these interesting facets of etching. From the work
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of previous reseafchers in the fiela of'crxstal
dissolution in general and on-the etchiné of calcite
cleavages in particular‘(e.g. see Mehta, 1972) a
judicious choice of etchént is made viz. diluted
glacial acetic acid at different temperatures. The
present aunthor. had selectéd’etchant glacial acetic
acid of 0.45% concentration, the diluent being pure
-distilled Water. It was shown (Mehta, 1972) that this
etchant gave rise to well defined rhombic e%ch pits.
Fig. 4.4a (X110} and 4.4b (X110} show photomicrographs
of oppositely matched cleavage faces etched by 0. 45%
glacial acetic acid for 30 seconds at temperatures

of 30°C and 60°C respectively. These pairs exhibit
featu;es which“are different from those.observed in the
previous figufes.‘ The matching of fits is excellent
with almos% identical densities of pits on both the.
faces. Further unlike the characteristics of previous
figures,.a point~bottomed pit on one face .corresponds
with a point~bottomedig; the other; similar is the caée‘
for flat-bottomed pits. The cleavage line on Fig.4.4b
corresponding to the 1ine,AB in Fig.4.4a is eaéen away
hy fast etching at'comparaﬁively'high temperature. A

little increase in temperature of etching viz. from






FIG.4-6a X125 FIG .4-6b X 125



F1G.4-7 X 105
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30°C to 35°C (Fig.4.5a X110), changes the shape of
et;h pits &ith a clear tendency for the complete
development of hexagonali pits. The corresponding
region on the matched face is shown by Fig.4.5b {(X110).
There 1s complete matching of hexagonal etch pits on

both these counterparts.

4.3.3 BEtchant C : (60% double distilled glacial
' acetic acid}

It was found from experiments conducted at
low temperatures that when the temperature of the
etchant was lowered than 3°C the etchant 'C' was unable
to produce visible etch pifs on the speciﬁen ohserved
under very high optical magnification and resolution.,
However, the cleavage surface was found to be covered
ﬁith dots. When the etching was carried out at a
temperature of 5°C for 7 minutes by 60% glacial acetic
acid, the visiblé etecn pits could be observed on the
cleavage surface (Fig.4.6b X125). It is seen from the
photomicrograph thét the shape éf etch pits is not clear
within the optical limit of the microscope. Fig.4.7 (X105)
represents a part of the region of the specimén (Fig.4°65)

under high optical magnification and resclution. It is



FIG A-9a X105 FI1G.4-9b X105
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clear ffom both the figures the effect of the chemical
reaction and a preferential attack of the etchant on
the cléavage surface,” Etch pits with regulaf geometrical
outlines may be prodﬁced on prolonged etching. Fig.é.ﬁa(Xizs)
is thexcleavage counierpart etcﬁed by the same etchant for
same period at room temperature. The shape of the pits is

elongated pentagons with base perpendicular to direction

T1107] .

Fig. 4.8a and Fig.4.8b (X90) show photomicrographs
of matched cleavage faces etched by 60% glacial acetic
acid for 7 minutes at room temperatuggfggé at 26°C respectively.
The‘geometrical outlines of etch pits are'elonga;ed pentagons
énd reétangles respectively. Further, pits on both these
figures have one to one corresﬁondence except for the difference
in their surface areas. The effecf of temperature on reaction
rate is more along [110] +than in a perpendicular directioh,
viz, C 170 ). Hence elongation of pits is due to change in
temperature of étehing. This_is shown very clearly by photo-
miérogrgphs (Figs.‘4.9a aﬁd 4.9b, X105) which exhibit pits
having elongééed pentagonal and ja%eliﬁ outlines on the
cleavage faces. Theée pits are produced on etching the
oppositely matched cleavage faces by 60% glacial acetic acid

for 7 minutes at room temperature and 85°C respectively.

Besides this the pits with pentagonal outlines are



L) Q@wgoo

{%e¥*0 DPrO®
' DT1908B [RTOBRIT"
g POITT48TP ATquoq)
oommoﬁOoom m .m

A1 TOTIJUSD09 93 TULY ° €
SOUTIINO JBIID ° ¢

2 TQUOY.X
POUTIOP-=TTI®M ° T

DTIUB00D
aae sq1d eawog ¢
SOUITINO JI00d °*Q

sTquUoOUY T 0006 03 0o0L i v

A1I0TILUOO08 0J0Y * ¢
SOUTTIRO J00] *7
uociexey T

£3110TJI3U8008 0J8Y '€
surigno diwvyg °*g
uod

-pquod Jeinfoea ATIweN T 3008 01 J.07 4 B ‘g

A1 T0TI3HO009 YT *¢

SOUTTINO JeaT0 ATIT8y °Z
1exagel

~tapenb JxeourlrAang *T

, (%7 1OH
. £31Tend yev)
D007 0% 060 v T

*

ofuea *ON
adeys 11d yo A31iend 11d yoso jo adeysg sanrexadwaj, juByYoLy  *JI8

- . ~ . . - . “ - e s

{o‘a‘v) SINVIOLT A0 HIOLVHTANAT NI TONYHO JILIA sAMNDIA HOLE J0 SHAVHS



@5 il 4

‘XM URO  oUTY 'g
SOUTTINnO UBIISABL °Q o " -
s1.1d peovaIay 71 0006 01 0,09 " ‘01
g
protLig
foLLy rowl
SOUITINO IBDID *Q - : -
uwofequed psjefuolH *'7 2 9 0009 01 0,32 u ‘6
foegl \|/ [0%¢]
voSequad oquy doreaep "
09 Aouspusq JBITY *Z fot rotLl s .
soutilnoe xernfuvlooy °1 - 0682 0% DoO0T " °8
DN d
(409 p1oO®
! o1990® TRIORIF
sautT4no - - pe1iTesTP ATqnoq)
IRTNSeIIT YITA ST °T 0501 02 Do 0 L
*9T131T AxeA sT
HOTLO9LTD 0171 qiTa v
gsopTs yo guemdoleAd °*g fo1o] X foot]
A9 TOTILUBD00 [o o d (%8%° 0 pro®
0I9Z 1SOWIY °C zuu WOE o19900® TRIORS
nofexoy r " " PoTITTIIS TP ATQnog)
poutyop-TIom " T 00L] Y fowo] 0006 01 DoGE q ‘9
o3ura *ON
odeys 71d Fo Ar1iend 11d yose Jo adeys axnqexadmay, rueyos  *JIS

feomozyan\ Texr ofTrIxry




- T0 -

‘point-bottomed whereas pits with javelin outlines
are terraced with line centre. This indicates that
all planes forming a pit meet in a line instead of a
‘point. The line is in the direction [11K] whose
projection on the observation plane gives line of

symmetry [1107] .

4.4 DISCUSSION:

————

On going through the various shapes of etch
pits produced on freshly cleaved surfaces of calcite
crystals by etchants A, B and C with temperatures
ranging from 0°C to 90°C,; it is clear that a complete
cycle of etch pit. shaﬁes is depicted and all shapes
are symme trical about the direction ([110] which is
usually passing through the centre of plane figure of
a pit, projected on a cleavage surface. Further for a
given range of temperature all pits usually exhibit
same geometrical outlines irrespective of their origin
on the cleavage surface. All these observations regarding
shapes of etch pits produced by different concentrations -
of various etchants at different temperatures are

summarised in Table 4.1.
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It is worthwhile to discuss the following

characteristic features of etch pits revealeg bynall

etchants (A, B and C}:-

"1, (a) Observation of fixed shape at certain
temperature (range) of an etchant.
(b)) Change of shape with change in temperature
(range)} of an etchant.
(c) Production of identical shapes on a cleavage
surface by different etchants at different
temperatures {e.g. see Figs. 4.3b &'4.4a;

Figs. 4.2b and 4.4b; Figs. 4.1a and 4.6a}.

2. (a) Characteristics of etchant A.
(b} Characteristics of etchant B,
{c) Characteristics of etchant C.
These features will now be subjected to close
serutinﬁ and detailed discussion in the following pages:-
4.4.1 (a) Observation of fixed shape at certain

temperature {(range) of an etchant:

Different shapes of etch pits are produced
due to différent chemical reaction rates along various

directions on a crystal surface. Chemical reaction rates

[
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on a cfysfal sﬁrface during the ﬁrocess of etching may’
change their magnitudes or directions or both due to
faclons
several feafnres such as composition of an etchant,
éoncentration of an etchant,'etching periocd, condition
of etching (static or dynamic), temperature of an etchant
and a crystal, anisotropic character of a crystal surface,
surface imperfections, imperfectioﬁs terminating en the
surface and the nature ané strength of imperfections and’
their interactiqns. With reference to the cleavage surface
of calcite crystals, the first four factors were studied
in much detailc.. in this laboratory (Mehta, 1972). The

remaining factors are given serious consideration in the

present report.
i

It»is obviously difficult to predict the dominant
directiéns of reaction rates at a particular temperature
of an etchant on a crystal surface. The observations
presented above clearly»indicate that the change in magnitudé
of reaction rates within a definite range of temperature
does no% change the shape of an etch pit, it simply accelerates
or retards the growth of pits withoeut -introducing a change
in shape. Furthef the present author has a definite
experimenﬁai evidence Lcf. Chapter VI)} to show that in a

given range of temperature,‘thecenerg§ inveolved during the
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chemical reactions between an etchant having a definite
concentration and crystal surface under certain conditions
does nof noticeably alter the direction of reaction rates
and, therefofe, does not induce a chapge in the shape of
etch pits. This appears to be dué to the fact that changes
in energy with a change of temperature within a gfven

range are so small that they do not produce any significant
effect on the etch pit morpﬁclogy. If the temperature
changes are beyond a given range, thé’energy changes are
experimentally recognizable. These in turn affect the
directiohs of reaction rates with a consequenf change in

i

etch pit morphology.

4.,4.1 (b} Change of shape with change in temperature

{(range) of an etchant;

. From the whole spectrum of etch pit shapes

it is clear’that.pits are usually bound by directions of
low indices. Since the shapes (plane geometrical outlines)
of etch pits remain nearly'same; when they are produced at’
line defects or at point defects, the normal rate of
dissolution for those pifs does nBt affect the shabe

noticeably. The factor governing the shape of etch pits

is the lateral {tangential motion of steps) rate of

%
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dissolution, V. along different directions on the
surface. From the study of changes of shapes of pits
with progréssive change ih the temperature of an etchant,
it can be conjectured that there is a systematic change
in the direction of reaction rates on the surface. This
in turn suggests creation of‘new directions of reaction
rates and elimination q} modification of old directions,
fhis view is éubported by the fact that when the pit
shape changes from quadrilaterals to pentagons, produced
by an etchaqt (1% hydroenlorip acid in the present case},
when etching temﬁerature éhénges from one temperature
~range (0°C to 19“C§'fo another temperature range {10°C
to 50°C): the fo&rfh curvilinear side is.modified in;o
two dis%inct directions of reaction rateé in addition to
the reaction rates along those direction for quadrilateral
pits, and has consequently given rise to deve16pment of
two new planes BSO and SCO {Table 4.1) resulting into a
pit with pentagonal outline on the sufface. Similarly
hexagon etch pité change into pits with rhombic outlines
by elimination of sides along [1I07] and [110] . This
means that the rea&tion rates shown by the motion of

ledges along [ 110J] and [110] are reduced to zero.

It should be noted that directions of reaction rates
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which are making equal angleé with the‘line of

symretry [1107] are simultaneously eliminated or
produced by a systematic change in temperature of an
etchant. Due to production or annihilatidn_of pairs '

of reaction rates around ({110] , the p&int~bottomed
{pyramldal) pit or flat- bottomed plt with any geometrical
~out11ne oh the surface remains symmetrical about the

line of symmetfy of a crystal face - [110]

4.4.1 (c)} Production of identical éhapes,on a cleavage

surface by different etchants at different

temperatures:

Identical shapes of etch pits are obtained
by using glécial acetic acid and hydrochloric acid in
appropriate concentration and temperature range. Rhombi ¢
‘etch pits are obtained ﬁy using 0.45% glacial acetic acid
at 30°C and by 1% hydrochloric acid at 75°C., This
suggests that dlrectlons of reaction rates are 51mllar
for both acids but their magnitudes are more for hydro-
chloric acid than for glacial acetic acid. This can be
inferred from the fact that for eqﬁal period‘of etehing
the average lateral area of a pit produced by 1% hydro-

H

chloric acid is more than that of a pit produced by
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0.45% glacial acetic acid. This is also true for
hexagonal pits which are obtained by etching the
cleavage surfaces by 0.45% glacial acetic acid and 1%

hydrochloric acid at §6°C and 55°C respectively.

Further the guality of etch pits produced h&
0.45% glacial acetic acid is better than that of pits
prod&ced by 1% hydrochloric acid e.g. rhombic etch
pits produced by 0.45% glacial acetic acid (Fig.4.4a)
and by 1% hydrochloric acid (Fig.4.3b); simiiarly 4
hexagonai etch pits produced ﬁy 0.45% glacial acetic

acid (Fig. 4.4b) and by 1% hydrochloric acid {Fig.4.2b} .

0f the two acids 1% h&drochloric and 0.45%
glacial acetic acid, the hydrochloeric acid reacts
comparatively violently with the cleavage surface,
Hence the surface)dissolution and the tangent§a1

dissolution of a pit are fairly high.

In order to suppert this staiement it is
desirable to have quantitative measurements of these
rates. The rate of éurface dissolutien is measured
by step plate tecﬁniquel(Ives and Plews, i965) and/or

welght loss method by using a semimicrobalance. The



TABLE 4.2

schant Shape of Temp. Average Average Vt
eteh pits in tangential surface 7 Remarks
°C dissolution dissolution s
o rate V rate Vs
x10” % . x10”% cm/sec.
TAY ) Rhombic 70 6.6 0.26 25.3
.% BCl} etch
' . pits 80 6.6 0.28 23,6
90 6.9 -0.58 11,9
'B! Ithombic 25 0.88 - - Vs’ not
)4 45% etch
2= : de tab
IAC) pits 50 . _ _ otsc able
35 . 0.017 113.3 Estimated
value of VS
%A’ ) Hexagon 50 . 0.20 31.0
L% HC1} etch .
. pits 60 . 0.24 27.5
70 . 0.26 25.3
,'B‘¢ Hexagon 50 . 0.053 50.0 Estimated
) 45% etch . value of V
mc) . Pits 60 . 00067 5000 n S
. 70 . 0.100 40 .0 it
‘A  Pentagon 30 4.5 - - Vs’ not
% HC1) e?Ch reliable
- plts 35 . 0.17 30.0
50 . 0.20 31.0
'S‘ Yentagon 30 0.16 - - Vs’ not
;ggj e?ch dedectable
pits 35 0.21 - - u
50 0.52 0.015 35.0 Estimated

value of VS




'PABLE 4.3

Shape of Temp. Vt or V Vt Vt
etch pits in °C A B A or A
: %10~ %10 Vi Vi
B C
em/sec  cm/sec
Rhombic 70 (A)
\ 6.6 0.88 7.50
25 (B)
80 (A)
6.6 1.30 5.07
30 (B)
90 {A)
_ 6.9 1.90 3.63
35 (B)
Hexagon 50 (A,B} 6.2 2.60 2.38
" 60 (A,B} 6.6 3.30 2,00
70 (A,B} 6.6 4.00 1.65
Pentagon 30 (4,C) 4.5 0.16 28,12
35 {(A,C} 5.0 0.21 23.81
40 (4,0} 6.2 0.52 11.92
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rate of tangential (lateral) dissolution of a pit

is measured by a filar micrometer eyepiece, The
details of these methodé are given in Chapter VI,

These measurements on rates of dissolutions are-given
in Table 4.2: It is thus clear quantitatively from
these measurements (Table/4.2) that for obtaining

good quality’pits - well defihgd and sharp pits -

by an etchant the ratio of lateral rate: of dissolution
to the surface dissolution rate must have a large value;
the Table 4.3 prepared from Table 4.2 also indicates
that for obtaining highly syﬁmetrical good guality etch
pits the widening rate of pits should be less and that
for given etchants producing pits of identical shapes
those pits with comparatively low widening rates and
greater value of V,/V_ are of better quality than the

pits of high Wideﬁing,rates produced by another etchant.

It is known that the conditions for the formation
of visiﬁle etch pits on a crystal surface subjected to
etching, are (i} vn/vt 0.1 (ii} Vh/Vs 1 (Ropinson,
1968}, The conditions can also be understood by taking
into consideration the above statement regarding the

widening rates (V,] and surface dissolution rates {Vs}.
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It is estimated bf using 1igﬁt profile and interference
techniques (including multiple beam interferometry} that
there is not much noticeable variétion in the normal
rate of dissolution (Vh) with the change in temperature.
Hence when the rates of tangéntial dissolution and surface
dissolution are more than ?hese prescribed by tﬁe above
conditions, the pit shape will be of a poor qﬁality.
Assuminé the simultaneous validity of the above two
éond;tions, their combination yields (Vf/Vs}j; 10. A
critical study of Table 4.2 will show'that for obtaihing
pits of fairly good quality at V@riousktemperatures fhe
ratio (Vt/vs} mist be much greater than 30 consistent
with magnitudes of reaction rates at diffe?ent temperatures,
Further from a study of Vt/vs for etchants B and C (Table
4.2} it is very clear that, higher is the‘value of Vt/VS,
betfer is the quality of etch pits. 1In viewof thel
limitations of the optical microseoPei(step plate technique)
‘and the semi-microbalance {weight loss method}, it ié
difficult to place an upper limit on the value of (V, /V_}
for obtaining pits of excellent quality produced by an

etchant on a cryétal surface.,
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4.4.2 Requirements of a good etchant:

It is well-known that an etchant should possess

the following characteristicsi-

(i) It should be of such a compositioh that 4
it will give good a}l round’results’and reveal the
greatest number and variety of struetural defectis, ;
characteristics and irregularities present. At the same
time, it should be able to distinguish its effect from
those produped by any of the etchants which can attack
only definite types of defects. Thus this selective

etehing should endble one to"study obly specific defects.

(ii} It should be simple in composition and
stable so that its concentration will not change appreciably
upon standing or during use at room temperature and also

if possible at moderate1y~higher or lower temperatures.,

1

(iii} It should have constant characteristics at
a particular ﬁemperature 'so that the conditions of etching
can be easily reproduced. The important conditions of

etching are as follows:- ,

i3

(a) Temperature of etching:

The rate at which an etchant attacks a specimen

Al

depends upon the temperature at which etching takes place.,
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The precise influence of temperature, however, varies
according to the composition (amount of impurity present
and previous history of the specimen). It is,therefore,
desirable for reproducible results to carry -out etching

experiments only at definite constant temperature.

\

{(b) Time of etching:-

The time of eteﬁing is perhaps one of the
important féctors contributing to successiul etching
and attendant appearance of thé structure enabling their
detailed study possible with the help of optical techniques.
For exémple, if the time of etching is shqft as conpared
to that appropriate for a particular material, the etch
stfucture will noti%ompletely deve loped nor will there be
sufficient details revealed to pérmit accurate interpretation
of the etched area. However, too leong a time of etching is
just as unsatisfaetor&‘as oné too short, owihg to details
of the surface structure being thereby obscured to varying
degrees and fréquently some parts of the structure being
completely obliterated. The t{me of etching depends upon
the conditions of the surface (freshly cleaved surface,
heat treated surface etc.} éndxthe temperature and the

nature of etchant.
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(iv) While efching a specimen it {etchant}
should net form products which will precipitate on the
surface of the spegimen considered, but must have such
a composition that reaction products are iﬁmediately
dissolved chemically or physically in the soluiion. They

must possess closer affinity with the etchant than with

the specimen.

H

(v) It should be non-injurious and non-toxic to

the persoﬁ conducting the work.

(vi}) For orientation determination, the etchant
should develop etch pits or facets with plane faces

accurately parallel to the crystallographic planes of

low indices,

The above presents, in general, the requirements
for the'developmeqt of a good etchant. 1In view of these
requirements and the discussion of the féllowing points
tﬁe characteristics of the etchants used in the present

investigation will now be considered:

(i) Matching of etch patterns on oppositely
f matched cleavage,faces‘of calcite.
(ii) Internal structure of etch pits, on matched

faces.,
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£
{(iii) Quality of pits.

{iv) Change of shapes due to change from one

etching temperature range to another.

{(v) Dependence of shape of etch pits on time

of etching.
(vi} Time of etching.

{(vii} Background micropitting.

In addition to these there are also a few
noticeaﬁle features of each etchant, which will also be
presented., Further, it should be remarked here tﬁat
the three etchants A,B and C used by the author are

proved to be dislocation etchants.

4.4.2 (a) Characteristics of Etchant A:

;he observationé reéorted eérlie? on the
etching of calcite cleavages-by this etchant clearly
indicate that so far as the location of etch pits is
‘concerned, there is a perfect matching. Howevgr, the
internél structures of pits on either cleévage counter;:

parts are not fully'reflected. Since this etchant is
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shown to be a dislocation etchant, the correspondence

! B

of a flat-bottomed pit on one face with that of point-
bottomed pit on another, or the coréespondenee\of two
point-bottomed pits adjoining a flat-bottomed pit on
one face with that of ftwo flat-bottomed pits flanked

by a point-bottomed pit or the matching of a'pointn
hottomed or flat—bottomed pit on one face with a missing
place etc. can be explained on the basis of the nature,
geometry and motion of dislocations. However one
feature which stends out prominenily ie the correspondence
of terraced pits ~ a number of terraced pits - on one
cleavage face witﬁ non;terraced pits on the other face.
Since all factors except temperature are kept constant
durln" etching, temperature of etching is going to be a
deciding factor in resolving this énomaly of mismatehing
‘of internal structures of etch pits on the matched cleavage
faces. Thus low temperature etching (Fig. 4.1b) produced
a tertaced structure of pits, whereasheomperatitely high
temperature etching (Fig"4ﬁ2b) gave rise to a large
number ofAnon~terraceé etch pits.\ The obvieus conclusion
is the effect of temperature in indﬁcing diffetent internal
structures of etch pits on matched cleavage'faces. However

it is diffieult to jump to this conclusion in view of the

~
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fact that the use of one etchant at comparatively low and
high temperatures:cannot decisively lead to this rationa-
lization. Hence it is -necessary to study the effect of
temperature‘of etching by many other known dislocation

etchants.

The quality of pits includes consideration of
the shaﬁe, size and symmetrical néture of pits. The
earlier observations show that at a given temperature
the sizes of eteﬁ pits are more or less identical and
that the sizes of pits, in general, and their lateral
areas in particular increase with temperature when all
other factors affecting etching are maintained constant.
Low temperature etching produces fgirly good quality
ﬁits so far as the size and shape are concerned; however
the pits do not reflect the symmetry of the calcite
erystal or the symmetry of the cleavage face.' High
temperature etching produces pits with inappropfiate
orientation of their sloping faces, affecting the
sharpness of edges of pits on a éleavage face. It is
'observed that the shapes of etch pits change witﬁ a
change in the temperature range of an etchant; the

transition temperature is not shérply well~defined, As
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a matter of fact at the transition temperature pits
Having plane figures of both the types are usually
found. It is also noted that with the increase of
etching beriod, the geometrical shape of an etch pit
changes. In the present case it changes from quadri-
lateral outline to a pentagonal outline with the
"increase of eteching time, Since the etchant A (1% HGI)
reacts fairly violently with calcite crystal, the
etching is very rapid; hence it is difficult to control
the reaction rates. Attempts were made in the present
investigation to contrél thi s .rate by reducing etching
time, which is 20 seconds. This is indeed ftoo short a
time of etching. Further raﬁid etching during etching
period of 20 seconés, has created a large amount of
background micropitting. These factors indicate the

poor qualit& of the etchant.

4.4.2 (b) Characteristics of Etchant B:

The observations (Figs. 4.4a and 4.4b; Figs.
-4.,5a and 4.5b) exhibit perfeét matching of etch pits on
oppoéitely matched cleavage faces. Even the internal

features have a good correspondence on either cleavage
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faces. These features can be explained elégantly

on the hésis of the nature, geometry and motion of
dislocations, The pits are well-defined, sharp,‘and
exhibit te symmetry of the cleavage face of calcite
crystal:. Their geometriecal shapes are not dependent
on time of etching. The etching time is 30 .seconds
Which is indeed 1ittle low. . The geometrical outlines
of pits and their eccentricities to a certain extent
are highly sensitive to small changes in temperature,
The transitionhtemperature is therefore more definité
ihan the corresponding one in the previous case (etchant
A). Background micropitting is very less. This~shows
that élthough the etching time.is small (30 éeconds)

the preferential attack of this etchant is more andl

well located than that of the previous etchant A.

4.4,2 {c) Characteristics of Btchant C:

L

The photomicrographs {Figs. 4.6a, 4.6b and .
4.7} show vividly the mismatchinéﬂof etch patterns on
the”oppositely matecned cleavage faces. Further the
etching at low temperaturgs is highly iréegular and non-

selective. As the temperature increases, the preferential



- 87 =

etching aﬁﬁsgg is more than’the general dissolution.
Hence pits are- formed at definite spots. The figs.
4.8a\and 4.,8b 1indicate the ﬁatching of etch pits.
However internal sﬂructures are not evenly reflected

6n matched faces. The quality of etch pits, reflected |
by size, shape and symmetry is similar to the one
discussed in 4.4.2(a) etchant A. The temperature at
which the change qf etch pit shapes takes place>is \
not well-defined. The geometrical shapes of etch
figures in the present case are deﬁendent on the time

of etching which is seven minutesf This is indeéd a
comfortable time of etching because iittle error im .
judging the time will not be mégnified in the im reasing
size and shape of etch pits. The background micropitting
is also low. As the températufe of etching increases,’
the lateral areas of etch pits increase considerably;

they are accompanied by the formation of terraced

~ structures (Fig. 4.9b}.

4.,4.3 Determination of coefficient of linear
éxpansion aiong [1107] ¢
If temperature is the oﬁly factor responsible for

the increase of lateral dimensions of etch pits produced



TABLE 4.4

Sr. No. Temp. in °C Average length of pit in
110 direction in cm
x10”%
i. 20 38
2. 30 ' 65
3. . 35 90
4, 50 2530
5. 60 420
6. | 15 - 530

7. 85 590

8. 90 650
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by an etchaﬁt on a cleavage surface by etching it for
a constant period of etching at all temperatures it is

i
possible to' determine the coefficient of linear and

superficial expansioné of the cyystgi as a whole aiong
definite directions. This can be done conveniently and
with the introduction of less errors in measurement by
measuring the lengths of etch pits along the directions
(1107 and [110] . There is also a change {contraction}
of dimension along the direction [1107 ; however this
changé is not of a 1érgelvalue for a givén change of
temperature, hence errors will be magnified in }he\
measurement of length along the direction [1%0] . It is
therefore decided to determine the coefficient of linear
expansion along [110] . The measurements are made at
various temperatures and aré,shown‘in Table 4.4. They

are also graphieally‘exhibiéed. The gfaph can be &ivided
into the following regions: (i} curved region AB up to

a temperature of 45°C (ii)'sfréight line part BC beyond

the temperature 45°é; ‘Thé curvilinear and'stréight portions
of the graph cleafi& in&icate thaﬁ‘the relations between

1 and t are in the beginning non-linear and after a certain
temperature (45°C in the present work) become linear, In

the non- 11near portlon of the graph, the strength of a line
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defect-dislocation—is playing a vital role in the
overall development of a pyramidal etch piﬁ, and the
ratio (Vh/V57 has significan£ effeét in the formation
of pyramidal etch pits. The li;ear portion of the
graph suggests that tempefature of:etching becomes a
dominent partner in enlarging the laterél dimensions
of etch pits; hence the ratio (Vt/Vs) assﬁmes greater
importance; whereas Vh does hot apéear to change
gignificantly. The linear portion therefore should
provide a reliable Yaiue for the coefficient of linear
expansion. Using the formula |

1, -1

2~ 14
Coc] =
along [110] 1T, - ?1?

where lgﬂ and ‘11 are average lengths of etch pits

v

along [[1107] at temperatures T, and- T, respectively

and [0 - represents coefficient of linear

along ([110)
expansion along the direction [110] . The value. thus
obtained is 0.05001 per °C.‘ The value feporteq in_the
literatur; is 0.0426 per ;@ alSng direction [1117) .

The projection of this direction on (100) plane is [110]
and the angle between the directions [ 1117 and [110]-

is 45°23.5'. "Hence the value will be 0.06001 X Cos45°23.5'=

at

0.04213 per °C along [ 110] . There is a close agreement -
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"between the value reported in literature and the one

obtained from the presenf study .

4.5 CONCLUSIONS:

(1) Etch pit morphology is not much affected by
' chaﬁges in chemical energy with a change of
temperature within a given range of temperature

of etching,

-

(2) There is-a systematic change in the direction
of reaction rates on a crystal surface of
calcite with a change from one range of tempera-

ture to another.

(3} Due to production or annihilatioen of pairs
6f reaction rates around the line of symmetry
Eiioj’ of calcite cleavage fageé , @ poiht~
bottomed (pyramidal) or a flat-bottomed pit with
wirteh any geometrical outline on the surface

remains symmetrical about the direction [110] .

(4) Etch pits of identical shapes are produced
ron a cleavage surface of calcite etched by
etchants of different characteristics at

different temperatures,
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{5). A good etchant produces pits having well-
p
defined shape, size and reveal symmetry of

‘ etched surface.

{6) For obtaining pits of good quality the ratio
of velécity of‘tangential dissolution to the
velocity of surface dissolution (Vi/VS) mus t
be much greater than ten; higher is the %alue

of Vf/v better is the quality of etch pits.

s?
(7} Under suitable conditions of etching it is
possible fto determine the eoefficieni oﬁ
linear expansion along a difection [110]
on the cleavage face of calcite.crystalifrOm
a change in the lateral dimensions of etch

pits with a change of temperature of etching.

A}
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CHAPTER V

CATALYTIC ACTION OF ELECTRIC FIELD

' ON ETCH PIT SHAPES

5.1 INTRODUC TION:

Gilman et al. (1958} from théir dissolution
studiesﬁon LiF crystqls have concluded that the cation
of poison is éf major importance in forming stable
complexes at the kink sites with the anions of the .
crystal and the role of the anion is a minor one though
not completely negligible. Bhagavan Haju and Bansigir
{(1971) conducted experimentsuon the eﬁching of‘NaCI
crystals to reveal the role and nature of the inhibiting
‘don. In view of the interesting observations on the

variatién of shapes of etch pits with temperature by
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using etchants of(different chemical characters and

e composition, the present author had perforﬁed a
series of experiments on etching of the cleavage surfaces
ofvcalcite crystals by the etchant 'C' in the presence

of steady d.c. electric field of diiférent values., It
should be femarked here that the terminology 'presence

of electric field' is not used in the conventional sense.
Here the eftching éf a erystal cleavage is carried out
under the effeet of a charged eleptrode beléw which is
kept the crystal surfacg under etéhing and the distance
hetween the two electrodes is too large to effect the
etehing process of this crystal surface.‘ Further the
larger plate area - electrode area - covers the crystal
face whereas the cross-sectional areas of the electrodes,

separated by a comparatively large distance, face each

other in the etching solution.

5.2 EXPERIMENTAL:

A stabilized d.c. veltage was applied across
identical stainless steel plates (electrodes) with
dimensions 1 cm x 0.5 cm immersed in the etchant’ (Fig.5.1).

The distance between the upper surface of a sample and

the lower surface of an electrode was of the order of

-
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0.05 cm, and the distance between the vertical cross-
sectional faces of the electrodes was 1 cm. About

20 ml of etchant was taken in a beakér of 100 ml,
capacity in order to maintain a constant height of the
liquid. (etchant) layer. It is clear from the entire ser of
observations on etching of caleite cleavages by etcharts
'A' and 'B' reported in the previous chapter that the
ﬁefiod of étching for obtaining optically well def?ned
etch patterns is of the order of a few seconds, Xence
the action of these etchants on the cleavage face of
calcite in the presence of a d.c. electric field cannot
be studied with enough reliable accuracy. The etching
period for etchant 'C' is of the order of a few minutes.

Hence the etchant 'C' was used in the present investigation.

5.3 OBSERVATIONS AND RESULIS:

Fig. 5.2a and Fig. 5.2b (X85) show photomicrographs
of matched calcite cléavage faces kept under anode and
cathode respectively and immersed in 60% glacial acetic
acid for 7 minutes etching at room température, and the
electric field between electrodes was 5 volts. It is
clear from both the figures that the plane shape of pits

are elongated pentagons but the sizes of pits are different
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in different regions. Further there is a complete
one |40 one correspondenég of etch pits on both the
figures with their bases perpendicular to the diéection
110 ] ; this observation is similar to the one observed

on etching a cleavage face by the same etchant in the

absence of_electric field.,

Fig. 5.3a and Fig. 5.3b {X85) repreéent another
péir of‘photomicrograﬁhé of matchedicleavage faces etched
under identical conditions of etching except forﬂthe
increase of‘the'electric field by 5 volts. 1In addition
to the above mentioned characteristics, Fig.'5.3a shows
a marked:change in shape‘of a few etch pits along with
the pentagon etch pits. The plane geometrical figure
of etch pit isarectangle.‘ It is produced by the removal

of the ?ip of the elongated pentagon pits.

Further increase in electric field by 5 volts
between’electrodes produced a visible change in
eccentricity along with a change in etch pit shape and
si ze. Fié. 5.4a and Fig. 5.4b (X100} exhibit the
_oppositély matched cléavage faoéé etéhed by the .same
etchant for the same period and at the same temperature

when the electric field between electrodés is 15 voelts.
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The figures represent microstructures on calcite

ES

cleavage faces kept under anode and cathede respectively.

The unusual characteristic features of these
photomicrographs are as follows:-
(1) The pair of point-bottomed terraced pits
- having opposite eccentricity like A,B,C,D
(Fig. 5.4a} have correspondence with the‘

pairs A',B',C',D' (Fig. 5.4b).

{ii) The pair E (Fig.5.4a) consists of a point-
bottomed terraced eccentric pit and a
flat-bottomed pit. While the pair E!'
(Fig.5.4b) consists of point-bottomed

terraced pits of opposite eccentricity,

(iii) There is a fairly good - almost complete -
6ne to one correspondence of pits on both .

the photomicrographs.

(iv)—The plane-geométrical figure of point-

' pottomed pits no. 1 to 7 (Fig.5.4a} have
rectangular shape‘while tﬁé corresponding
pit no. 1 to 7‘(Fig‘5.4b) have pentagon

shapes.



FIG.5-5a XI00 FIG.5-5b X 100
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Fig.5.5a and Fig.5.5b (X100) represent typical

microstructures on oppositely matched cleavage faces

of caleite

kept respectively under anode and cathode

between which is maintained an electric field of 20 volts.

The close examination of these photomicrographs reveals

the following characteristics:

(i)

(ii)

The flat-bottomed pits on either figures
with the places numbered 3,4,5,6,7,8 do not
show any correspondence. As a matter of
fact the places corresponding to pits shown
on the counterpart are blank without any

}

visible etching effect.

There is a correspondence between point-—
bottomed terraced pits (such as 1,2,9 on
Fig.5.5a) with flat-bottomed pits {such as

1,2,9 on Fig.5.5b).

{iii} A point-bottomed.terraced pit no.10 on

(iv)

Fig.b5.bb is not matched by a pit on Fig.5.ba

at the corresponding place.

Many'pits on the cleavage surface kept under
anode are pyramidal with a rectangular plane

figure on the plane of observation. The tips

' 0of normal elongated pentagonal pits are cut

during etching in the presence of electric field.
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5.4 DISCUSSION:

The controlled etching of cleavage surface of
calcite in the presence of steady d.c. electric field

has shown the following characterisiics of etch patterns:

(;) The por£ions of a cleavage surface which are
in the close vicinity of electric field
exhibit assorted sizes of pits whereas this
effect is not found near the edges of cleavage

faces.

{(ii) Those pits which are affected by the electric
field are highly unsymmetrical so far as the
internal structure and plane geometrical shape

of etch pits are concerned.

(1ii)} There are finite differences between the eitch
' patterns shown on the surfaces in close proximity

of électrodes viz. anode and cathode.

(iv) The percentage of pits showing the terraced

structure has comparatively inereased.

3

(v) The plane geometrical shapes of etch pits on
é cleavage surface of calcite near anode shows
a change from the normal shape observed due to

its normal etching. By normal etching is meant
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the etching of cleavage surface of calcite
in the absence of any physical obstacle
(except the iayers of etchant above cE¥ystal
surface) and of d.c. electric field. 1In
what follows the normal etching will carry

this meaning.

The above characteristics will now be discussed
in detail. The existence of the assorted sizes of etch
pits is associated with the evaluation of 002 gas from
the surface involved in the chemical reaection with an
etchant., The distance between an electrode and a crystal
surface is of the order of 100/u ; hence the evolved CO2
gas will naé have easy escape from the surface fo the
atmosphere. The electrode plate acts as an obstacle to
the evolved gas. Since the 002 gas is trapped between
the electrode and the crystal surface, it temporarily
forms a protective layer at preferential poihts on the
suriace and the further etching is momentarily stopped.
Only the lateral motion of 002 gas is possible. However
this motion is not as rapid as the motion of 002 gas
during the normal etching i.e. in the absence of any

obstacle like elecirode plate. As a result of this slow
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etching action the sizes of these pits are comparatively
smaller than those formed neaf the edges., This inference

is supported from the general observation that when the
reaction is fast i.e. when the evolved 002 gas moves rapidly
towards the free surface without any obstacle the surface

exhibits pits of bigger sizes.

It was conclusively established in this laboratory
(Méhta,v1972) that a change in coucentration of an etchant
affects the eccentricity of etch pits. However in the
present case thig change in eccentricity of etch pits is
different from the one observed under normal etching.

This oén be explained by considering the combined effect

of momentary dilution of etchant on the surface, the slow
lateral motion of evol&ed CO2 gas and the effect of electric
field on the ions responsible for the formation of etch

pit shape. Since the €O, gas evolved at various points on

2
the surface is momentarily sandwitched between the electrode
and the cleavage surface, its slow lateral movement produces
impacts at various points where there is temporary dilution
of etchant and where the ions are momentarily locked. These
three factors influence the internal structure and the

geometrical outline of etch pits. As the eccentricity of

pits are different from those observed under normal etching,
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The remaining two factors only will be responsible for

the observed change of eccentrieit& of pits., Out of

these two factors the strength of électric field which
'affeéts theylooked ions plays an important role. At

low voltages, there is no noticeable change in eccentricity
of pité which are of assorted sizes. Hence in this case -
the lateral movément of 002 bubbles is.a dominant, factor

in affecting the sizes.ofletch pits. As the voltage increases,
these two factors interchange “their roles i.e. the electric
field strength participates more éctiyely in affecting the
uneven sizes and eccentricify‘of pits, Since the pits are
biggef and of uniform sizes the lateral mo%ement of bubbles

of 002 gas is faster at higher electricffields applied to

the electrodes. This indicates increased activity of

chemical reaction applied to the electrodes. This appears

to act in a st;ange way, nhot yet precisely known to produce

highly asymmetrical pits.

During normal etching pits produced by etchant 'C'
(60% glacial acetic acid) on a cleavage surface of caléiée
have elongated pentagon outlines on it. The presence of

electric field markedly affects the shape. It is clear

from the photomicrographs that this action is qﬁite selective.
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The cleavage suriaces ﬁnder anode and cathode do not
exhibit pits of identical shapes. [The etch pits \
observed on a cleavage surface under cathode do not show
any noticeable change, whereas the cleavage surface under
anode exhibits pits without elongation points i.e.¢
removal of veftex of pentagon pit (Fig.5.3a}. The pits
have more or less rectangular-outlines. This effect
becomes more prominent at higher voltages applied to the
electrodes. Further the matching of oppositely matchedl
bleavage counterparts kept uhder cathode and anode is

of poor quality so far as the internal structure of pits
and their outlines on cleavage surfa;es are concerned.

The change in the geometrical outline of etch pits on

é cleavage surface kept under anode is tﬁerefére connected
with the type and possibly concentration of ions in the
neighbourhood of anode. At this electrode anion will have
very easy access. The nature of thé ions can be inferred
from a study of the,electrolysis of the electrolyte, viz.
diluted acetic acid. The cations and anions at the cathode

+ +
and- anode are H |, Ca

* and CH@CQO'Q Of respectively. Along
with these anions there could beaformation of some negative.
typeiiomplex ions formed with H'. The latter unknown
complex negative ion is assoeiéted ﬁith small amounts ﬁf

impurities present in any chemical after a number of
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purificationkproeesses. It is the anions CH@COO‘, 0"
and HX™ which individuall& or jointly act Sq the highly
sensitive portion of the etch pits at preferential
locations. This action of the anion is responsible for
the removal of the elongation points or vertices of the

elongated pentagon pits and consequent creation of pits

with rectangular.outlines.,

"It should be noted thét at low voltages there
~are very few terraced pits on gppositely matched cleavage foces
whereas at high voltages the density of pits with terraced
structured is fairly high on both the cleavage counterparts,
Further the matching of terraced pits on\the matched faces
kept under electrodes is fairly good. There are basically
three factors which must be influencing'the”formation of
terraced structure, viz. (i) high lateral velocity of
bubbles of CO, gas (ii} impﬁrities made more active in the
presence of electric field and (iii} the electric field
strength. It is rather difficult to determine the role

of each factor in promoting terraced structure of etch pits.

5.5 CONCLUSIONS:

(1) The d.c. electric field is acting as a catalytic
agent for the normal etching of cleavage faces

of calcite,



(2}

(3}

(4)

(5)

(6)
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The eccentricity of pits becomes greater
under the d.c. electric field than those

formed under normal etching.

Contrary to uniform sizes of etch pits under
nermal etching, the etch pits are of assorted
sizes when etching was carried out in the

presence of electric field.

The {plane geometrical) shapes of etch pits
produced by etching in the presence of
comparatively high electric field are different

from those produced by normal etching.

high
For relativelyxelectric field the etch patterns

under anode and cathode are significantly
different. This is due to anions acting
individually or jointly at preferred locations

(nuclei of etch pits) on a cleavage suriface,

The number of pits with terraced structure

increases with the electric field.

Iy
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CHAPTEH VI

REACTIVITY OF éﬁ[ﬁiTE CRYSTALS

6.1 INTHODUCTION:

It ié ﬁﬁown that the thermally activated

process has a definite value of activation cnergy.

It is also observed that the shape of an etch pit is
éependent on temperature (Chépter IV}. Hence in the
present investigation etch pit widening rate along a
definite direction aﬁd the rate of surface dissolution
as a function of temperature were determined in order
to see whether any relation between the activation

energy and the shape of etch pits exists.
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7

6.2 EXPERIMENTAL:

The etching was carried out as mentioned eérlier
(Chapter IV). The measurements of width of etch pits
on a crystal surface kept on the microscope stage and
observed through the Vickers Projection Microscope were
carried out by using filar micrometer (L.C. = 0.01 mm}
eyepiece {X200). An accuracy of 10.5/ﬁ can be achieved
Wiéh this mefhod. The surface dissolution rate was
measured by the 'step-plate' technique (Ives and Plews,
1965) and/or weiéht loss me%hod by gsing‘semi~mioroba1ance.
In a"step—plate' method a portion of the crystal surface
was p;eserved; tﬁe difference in height of the etched and
unetched portions of the crystal was determined by using

the calibrated focusing adjustment.

6.3 OBSERVATIONS, RESULTS AND DISCUSSION:

Most of the etchants dissolves crystal surface
independent1§ of the line defects producing the etch pits.
This surface dissoiution has been attributed by Gilman
(1960), Ives and Plews (1965) to the presence of other
éhort.lived di ssolution centfes such as lattice impurities.
The surface dissolution plays an important role in the

etching process. Hence the determination of the activation
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energies for the dissolution of the surface E  and
for the tangential movement of steps away from the
source Et is likely to enhance the understanding of

eteh process,

It is known that in general all pits started
growing at the same time, their lateral dimensions
were equal for same coneentratibn, period of etching,
temperature and other conditions such as static or
dynamic motion of etchant etc., In order to calculate
the activation energy Et for'tahgential movement of
steps away from the dislocation the etch pit widening
rate (Vt) along [110] direction as a function of
temperature has been determined. . The activation energy
for the surface diséolution ES waé defermined by
measuring the rate of surface (Vs) dissolved at different
temperatures. The observations_afe presented in Table

6.1

The graphs of log of etch pit widening rate (Vt)
against the reciprocal of temperature (T°K} for various
etchants are shown in Fig.6.1. This fig&fé also shows
the graphg of log of sdriaoe dissolution rate (VS) against

the reciprocal of temperature (T°K). Accordiné to

-
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Arrhenius equation V = A.éxp(—E/KE) , the‘élope
of the graph of logVy (or 1ogvg) vs 1/7 represents thg:
value of E/K where E ié the activation energy of the
reacting specieé and K is the Boltzmann constant. The
straight line graphs in some cases split into two or
more portions and hence the activation energ& for each
linear portion of the graph is calculated. The energies
thus calculated for different linear portiohs of the
graphs and for different etchants are shown in Teble
6.2. Tt is clear from the table that the activation
energiés calculated from a graph of ldgVS vs 1/T are
independent of temperaturekrange yhereas the energies
determined from the graphs of 1oth vs 1/T depend on
the range of temperature chosen for etching a crystal
surface. The temperature of etching affects the plane
’shape of etch pits. Fof temperatures within a given
range of temperature,”the plane figure of etch pit is
almost invariant. Hence in this range the activation
energy is\constant.A Thus as the range of temperature
of‘etching changes in'a gradual and systematic manner
the activation energy alsé changes: However this change

does not ‘appear to take place in a reéular manner,

i

paN—g
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It.is tﬁus clear that for a study of the
change in the blane geometrical shépe of an etech pit
on a crystal surface produced by an etchant due to
change of temperature alone the 1oth vs 1/T graph
is more usefui i.e. the’activatioﬁ energy in this case
will be a deciding factor. The converse of this state-
. ment is true and is conclusi?ely established in this
h laboratory by Mehta (1972), who has shown that for a
constant temperaturelof e%ching the plane geometrical
shape of etch pits on a cleavage surface 6f‘ealcite
changes with concentration of an etchant ( say hydrochloric
acid or. glacial acetic acid}. Further the activation
energy depends upon concentfatién of an etchant. However,
no attempt is made to determine the activation enefgy of
the reactive species in this ease. The above observation
may be generalized by applying-it'to.etehants of different
’characteristics, viz., for a constant temperature of
etching of a crystal surface subjected to etchants of
different characteristics producing differeqt ggometrical
outlines, the activatién energies will be different. It
should be remarked here that for a given range of

concentration, the plane géometrioal outiine of etech

pits remains unchanged; however eccentricity of: etch pits

/

~
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changes with concentration in a given range of

concentration of an etchant (Mehta, 1972}.

It is also possible to predict about the
quality and symmetry of etch pits on calcite cleavage
surfaces produced by an etchant due to change of
temperature alone. For understandiﬁg these deductions
it is also necessary to observe the texture or quality
of the etched surface critically. A simple glance on
the table 6.2 will indicate that higher is the
activation energy, better is the quality of etch pits.
Further for obtaining more symmetrical etch pits the
activation energy must be ofa}arger value., For example,
the etchant A (1% HC1) produces pyramidal pits with
(i) curvilinear éua&rilateral outlines (ii) nearly
fegular pentagon outlines (iii} irregular hexagon
outlines and {iv) rhombic outlines. An examination
of the crystgl surfaces showing these etch figures
discloses better quality of pits with quadrilateral
and pentagon outlines whereas the pits with irregular
hexagon and rhombic outlines are of poor quality. It
should be remarkeéjfhat the pits with rhombic outliﬁes

exhibit better symmetry than those of different outlines.
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However quality of these pits is indeed very poor,

This fact can be understood by studying the activation
energy which has value 0.024 ev., This is indeed very
low; the microtopographical study of the etched surface
showing pits with rhombic outlines clearly indicates the
tendency towards the polishing of the surface. This is
supported by the fact that light profile study of the

surface shows pits to be very shallow.

The above deduction can now be tested by
examining the quality and symmetry of etch pits produced
.by a different etchant when temperature of etching is
changed from one range of temperature to another.
Etchant B (0.45% glacial acetic acid} produces pyramidal
pits with (i) rhombic outlines and (ii) nearly regular
hexagonal outlines on cleavage surfaces of calcite by
suitably changing the temperature of etching. The
pyramidal etch pits with rhombic outlines are of superior
guality and of better symmetry (Fig.4.4a)}. Again this
can be seed—=to—be due to the facé that the activation

energy in this case has a much larger value.

The rhombic pits can be produced by etchants

A and B by adjusting the temperature of etching. However
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the etch pits produced by etchant B are of better

quality than those produced by etchant A. The symmetry
of pits in both the cases is the same. Therefore it

can be conjecturea that activation energy due to widening
rate of etch pits alone cannot be a decisive factor in )
predicting the quality and symmetry of etch pits. It

is necessary in this case to take the help of activation
energy due to surface dissolution rate. The ratio Et/Es
will be helpful in giving a clear and correct indication
of the quality and symmetry of etch pits, When this
ratio is greater than one, the pits will be of better
quality and symmetry; higher is the ratio, better are the

pits in quality and symﬁetry.

It is also apparent from the values of activation
energieé that pyramidal eteh pits with regular outline
having more sides will have lower activation energies.
However, this conclusion cannot be emphasized for want
6f adequate number of observations about pyramidal etch
pits with regular geometrical outlines having more sides

 and produced by di fferent etchants.



CONCLUSIONS :

(i} For a given concentration of an etchant
producing etch pits with definite eccentricity
and plane geometrical outline, the activitation

energy is constant.

(ii) For a given geometrical outline of etch pits
produced by etchants of different characteristics

the activation energy is not constant,

(iii) For better quality and symmetry of etch pits
the activation energy should have a higher
value and that the ratio Et/Es should be

greater than one.

(iv) Polishing action sets in when the activation
energy is very low and the ratio of Et/Es is

very very small {«<1).



