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HAPTER 11

OPTICAL STUDY OF MICROHARDNESS OF CALCITA CLAAV AGE
FACAES,

11.1 Tntroduction:

Many workers ﬁave studied the variagtion of
hardness with load in case of metals as well as minersls.
Howevery no systematic study aypears o have teen made on
the microhardness of calcite clegvage faces., This chagpter
reports systematic study of variation of hardnesg;%gad
(direction constant) and along different directions (load
constant) on caleite clegvage Taces. This study has hsen
made for examining the anisotropic character of the surface
and the effect of localized plastic deformation on the
structire sensitive properties of crystsl. Further the later
part is also utilized in'etching‘technique to delineate

dislocations by the Iformzabtion of etch pits on them.



Tertsch (1950) observed different shapes of indent marks on
rhombohedral faces of caglecite by changing the orientation of
the indenter with respect to a reference line on the cleagvage
face. Onitsch (1950) found the changs in diagonal length with
respect o loading time on calcite cleavages. In the present
work the loading time is kept constant for all indentations.
The hardness variation of the cleaved faces of cglcite was
studied in g range of loads 1 - 100 gms at room temperature

by using vickers hardness tester.

11.2 Bxperimental procedure:

The specimens for which hardness valﬁes were to be
evaluated for different loads ond different orientations
were freshly cleaved., The cleavage surfaces wers mouhted by
fixing them on aluminium circular disc using galvacement
or areldite. The svecimen should be properly levellsd at
the time of fixabtion. Indentations were made on the

3

surfaces by the indentation technique after taking usual

(=1

precantions mentionsd in the previous chapter.



11.3 Observations, Results and Discussions:

11.31 Varistion of microhardness with load:

Many sets consisting of a large number of
observations on freshly cleaved surfaces of calcite indented
by various loads were tdien for detailed graphical study

of the following relations:

Hy = 1854 P/ 43 Hy = microhardness in Kg/mm®
P = load in gnms.
d = diagonal of indent mark in
Microns.
p = ad
A = B3® A = Areaof indent mark in Kicrons®

Ny ay and B are constants.

The indentgtion marks were produced by the diamond pyramidal
indenter on the surfacs in such g way that the diagonals of
these marlis always remained parallel to a specific direction,
say [}yd\ and Y}i@] in the present case becaise these
directions are of paramount importance for the calcite
structure. A typical set of obseTVaﬁiohs are presented in
table 11l.1. The graph of Hy versus P glves a direct

ides of the nature of the hardness variation with load
(gregph 11.1) . It showed an increase from 1 gm loaﬁ ohwards
upto 8-12 gms and then it showed a gradual decreasse,

thereaflier the graph was nearly smooth gnd straight
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suggesting a nearly constant hardness value for the higher
values of loads. The above variation can be explaimed on the
basis of the depth of penetration of the indenter. At small
loads, the indenter pierces only the surface lgyers, hence
the effect is shown moré sharply at those loads. However,

as the depth of the impression increagses the effect of the
surface layer of the crystsgl becomes lsess sharp and hence
the variation of load with microhardness becomes less gharp.
After a certain depth of penetration, the effect of inner

1 ayersfbecomes more and more prominent than those of surface
layers and ultimately thers is practically no change in the

value of hardness with load.

The equation (2) is gick's law which states.thab
the load p 1is related to the diagonal length and ''g and
'n' agre constants of g materialy 'a' represents the
"$tandard Hardness" for an indenter of fixed diameter agnd
tnt giving the measure of the variagtion in hgrdness as a
function of ' p égé'(?. The values of these constants are
evaluated by plotting log. p against log. d. The graph
obtained is a stralght line and the slope of this line gives
the value of 'n'. For gll indenters that give geometrically
similar shapes (impressions), Kick's law postulates a
constant valde n = 2 vhich implies - a éonstant hardness
value. }{oweve'r, in general 'n' is no% equal to 2 which means

that hardness is usuglly dspendent on the gpplied load.



L4 S 0-1 S-0 : o

Pdyje Aowasyr I | <—d bol—
2,006} "Suy ¥2| Joj P3jLauuny [ ’
Tjulawyead) oN ]

woddn 1ro=way | p boy s1xp )
UOUDIIN 1O = wd| | ¢ muog Sk -

gl

& TN ON HAVvHD




0-Z

G

§ 1A o4
1y o} dway uabixo §
2)d

2007 c.,oLu p2ydousny IK
Pinby) oy paysueny A
wpg pPass sy XY

~—d boj

VOUDIW 10 = WD |

UCIIIW 1O = W}

-~

p boy sixp
d boj smxo x

T ON HAYHD

S0

G-l



02

g1

(o 03]

50

L'd 0 2008
LY O# 2,00
LA o} D.00¢

Wwouy paysuandy X M
Woay P2yd2UdNO WX
Wody peydudnd A

~——— muEl!..

uocaoIw ~.0HEU~
UOUDIIN [0 = w3

b boysixp g
d m0~ SIXP ¥

pbh

°l

Z-11°0ON HaYYD

5o

0!



b1

252

A careful study of the graph (log P versus 15g @)
( Braph 11.2) shows that, there are two clearly recognizable
straight lines of different slopes meeting at a kink which
is obtalned at g load of about 6 to 9 gms. Besides the
. straight line corresponding to observaﬁions taken at loads
less than 6 gms gives a slopé ny of higher values whereas for

the second straight line (load more than 9 gms) slope is
nearly equal to 2 or a little less than two. Since ‘n! values
are different in different regions being greater in the

first region, the 'a' values also vary in the two regions
being less in the first region and more in the sscond one
(i.e. higher load region) of the graph. When both the
regions of these graphs are considered the kink represents a
transition point or a narrow transition region which lies in
the range of G\to 9 gms. It is only in the transition region
that there is an observable effective change in the values of
the cons%ants ta and 1nt. The transition region in the

graph of log p versus log d in many cases corresponds to the
ped: value Hy obtained in the graph of ﬁgg.against P. The
above observations (graph 11.1) also suggest the two values

of slopse, one is greater than two and other is less than two.

It is now well estgblished that there is a perfect
corresnondence of cleavage microstructbires on the oppositely
matched cleavage faces. This property is also reflected in

the study of microhardness of matched cleagvages. The
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graphs 11.3 and 11.4 vrewnresents the observagtions tdten
on the oprositely Qatched cleavage faces. There is almost
a complete correspondence between grgphs 11.1 gnd 11.3
(Hy versus P) and graphs 11.2 and 11.4 (log P versus log d)..
Sometimes this property was utilized for comparing the
behaviour of matched counterparts which were given
different treatments.
i N

In order to verify whether the first region in
the grapﬁs is due to the deformation produced by the
previons indentations or 1t is the characteristics of the
load of iﬁdentation and its penetration, a series of
experiments were undertégen on the oppositely matched faces
of calclite chkegvages. The indentations were made on
different faces with different set of loads. Thus a facs
was indented with 10 - 100 gms. load while s
corresponding region on the matched face was indented with
50 - 100 gms load. Similgrly indentatiqns were zlso made
with 20 - 80 gms load while its corresponding region on the
opposite face was indented with 70 - 100 gms load. In all
these cases the graph between log p versus log d exhibited
only one line having the value of slope, n\W 2 and the
first region in the graph corresponding to the higher value
of slope ‘n/ was missing. These observations suggest that

first region (upto & w 9 gms) is sensitive to surface
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layers whereas the second region which penetrates

greatser depths and gives hardness of the inner laysrs
seems to be independent of gpplied load. This is in
accordance with the graph of Hy versus p for the above
chservations. Thus it is not the effect of previous
indentations made onn the surface but it is only the
particular loads, which in turn, means that the
vehabration depth at these loads is responsible for the
variation of hardness with the load,. For higher loads
since the penetrabion is more, the increase in load

does not effect the hardness values, whereas the
indentations at low loads penétrate mostly the surface
layers and hence repressnt the true microhardness values

of the particular face under study.

The equation (3) expresses g relabtion between
area of the indentation mark and the mean length of the
diagongls. B 1s a constant whose value is unity when
there is no recovery after indentation. The graph‘of
log @ versus log A (graph l}.S) gives g straight line
with slope 2. Attention is drawn to the fact that the
straight 1line is not passing through the origin. This
shows the existence of a small amount (g 3 microns®) o¢

racovery after the surface is indented.
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Iin order to determins the factors ai‘fecting the
vaglues of 'n' and ‘a4 the study was carried out on
erystal surfaces which were thermally or mechanically
treagted. The crystals were quenched from hich temperature
(up to 500°C just below decomposition temperature to room
temperature), also crystals were guenched from room
temperature to liquid oxygen temperature; some specimens
were mechanically strained. In all these casss after the
treatment was over, the crystals were cleaved in the
usual way and freshly cleaved surfaces were used for
indenteation studies gt room temperature. T he typical
cbservations gre included in table 11.1 and for each set,
graph of Hy versus p is plotted for all the akove treated
surfaces of the calcite cleavages. All these graphs
showed that the microhardness varied with the load in a
complicated manner, the variation being more prominent
for small loads while for higher loads it becomes somewhat
smoo the The nature of the graph is nearly same as that for
the untreated cleavags surface of caleite; first hardness
increases with load :then decreases with load snd
aftsrwards the value of hardness is independent of load.
The resalts on differently treated samples show a very
smgll change in the pedk values. The graphs of log d
versus log p for these treated crystal surfaces are

plotted (graph 11.2) . The mean value of 'n' gnd ! gt
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obtained fror several sets of observations are given in
. . ny ag .
table 11.2. The ratios ~/ny, and /as are glso given

in this table. It is obvious from table 11.2 that the
values of n,y end aj for treated and untreated cfystal
surfaces show some differences whereas for the second

part of the graph there are less varisgbtions in the values
of 'ng' and 'ag' of surfaces of crystals subjected to
different treatmsnts. This e¢learly indicates that ny and ag
are dependent on the previous histocry of the specimen.
Tence the htw regions correspond with the structure .
sensitive gnd structure insensitive mecheanicsl propverties
of érystals. pesides the initial indentatiéns under low
loads i.e., initial plastic deformagtion, produces cold
working of the crystal. There will also be a certaln
amount of recovery from this deformation as shown by graph
11.5. As a result, the degree of hardening of crystal
increases. Hence with increase in load for indentation
beyond 10 gms.: surface offers high resistance o
indentation. The hardness in this region will therefore be
lower than that in first region. The surface is therefore
likely to follow Kick's law and the value of ng will be
nearly two. 1t should be noted that in the case of

mechagnically strained samp;es nl is 2.1 i.e. has a

different value as compared to ths thermally guenched angd

untreagted surfaces. It is gpparent from the values of
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nl/ng and a%’ag that quenching of crystals at

increasingly higher temperatures lowers the ratio: Ml/ng ,
but increases the value of %1/ ,,- However the variations
donot appear to be systematic. This suggests that in
additién to the cold working and recovery of deformed
crystal surfaces, the other factors such as energy, nature
and conecentration of imperfsctions ete. are operating. It
is therefore not desirable to conjecture the behaviour of
surfaces from nq and a3 values only. For the second part
of the graph the values of ng are approaching two. This is
more or less in accordance with kick's law. However, there
are slight variations. The values of ag for differently
treated surfaces donot differ significantly.

i

11l.3

av]

Orientation dependence of hardness:

The observations of the slip trace and microcracks

along certain dirsections on a crystal surface indented hy

a diamond pyramidal indenter give;’an idea about the
anisotropic nabure of the proverties of crystals. Once a
crystal surface is indented, the effects due to piling-up
and sinking-in heing crystallographic in nature are shown
only along certgin directions. S8imilarly the elgstic
recovery taking place in the impressions is more along the
depth and the sides of the impression and negligible along

the diaggonals. Hence if there is any change in the
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orientation of the indentation mark with respect to a
chosen crystallograghic dirsction, some variations in the
diagonals, as well as, sides of a given vickers impression
are observed. These changes in the length of diagonals

and sides and depths produce chagnges in the dimensions of
the indentations which give rise to different values of
hardness along diffsrent directions, therebp showing the
anisotropic character of hardneés. Hovever, tie
crystallographic features like slip and twin bands ste.
are not affected by the change in orientation of the
indenter with respect to a given direction on g crystal
face. The graphs plotted between Hy and the orientation of
the indentation mark exhibit a number of hardness maximsg
and mbnima for complete rotation, which have some relation
with the crystallogrgphic symmeltry of the plane indented,
i.e. from the number of pedks obtalned from the graph,

number of symmetry element of the face may be found.

The orientation dependence of the microhardness
was studied on freshly clesved calcite faces keeping the
diagonsl of the indentation mark parallel to (1107 as a
standard reference direction. The indentaticns were made
slong different directions varying from 0%t 180° and in
some cases from 0° to 360°. In addition to the change in

he shagpe and sides of the indentation mark a change in the

t
length of diagonals is also observed. The shapes of the



*k

Fig. 11.1 (X170)

Fig. 11 © (X170)
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indentation marks are slightly different for various

orientations.

The lines below the indent mark are parallel to
[130] (fig. 11.1; x 170). If O is the point of maximum
depth, 0C is more than OA, whereas lines 0B and 0D are
negarly equal. It 1s further observed that the sides BC and
DC of the indenter agre slightly concave. If diagonals of

the indent mark is macing 45° to the line [ﬁo] (fig. 11.23

t

x 170), i.e. indenter is rotated through 45° from i

%
SES

¢

reference direction, the shape of the indent mark is changed.
The lines & and B0 ars equal where ¢ is the projection of
point of maximum depth on the observation plane. The lines
COo and IO are also egual. The line A0 is sligntly more in
magnitude than the line D0, TP is clear That the lines [ﬁo]
are genarated r;:xore near CD of the indent mark. For all the
gbove figures symretry od@af the line parsllel to Elio] is
preserved, It i1s noted that if the indent marlt is etched
with a dislocation etchan®t (see chapter 4), the rows of
etch pits parallel to [110] are produced. The length of the
diagonals for 0° and 180° were found to be less than the
diagonal lengths of the indent mark for 45° and 135° for
samé load. Since the hardness depends on the diagonal
length, a change is observed in hardness at these
orientations. The valuesof hardness weyemore for 0° and 180°

(o]
and less for 450 and 135 indentations.
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Tor various values of orisntgtions of indanter
ranging fror 0%t 3600, the microhardness values were
calculated from the diagonal measurements of the indentations
on a cleavage face of calcite and summarized in table 11.3.
The greph 11.6 plotted between the orientation @ and Hy
for different loads showed five pedis in a complete
rotation (or three pedsrs from the orientation ranging from
0° to 180°). Starting from 0° for which diagonals of the
indentation marks are parallel to the [110] and tlio] .

" The graph shows decrease of 'Hy' from 0° till it reaches a

o

minimom at 45° ‘oheﬁ it (hard;xess) increases and again shows
o maximum at 90°. It should be noted that the pedkes at 0°,
90°, 180°, 270° =nd 360° correspond to almost identical
values of microhardness. In addition, for different
orientation of the indentgtions, the individual diagon;ezl
lengths 4y and dp were measured sererately. The nature of
the graph between the ratio dl/dg and orientations is too
complicagted ni'uv: to be related to the pedks of the graph

R
of the versus & .

The range of nardness values with different
orientations :g: 130-160 ‘i{g/rmnz at 10 gms. load, while it is
115-140 Kg/mm? for 50 gms. load. This is in accordance with
the hardness variation with load which gave less value of

hardness at higher loeds.
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11l.4 Conclusions:
(1 Microhardness of cpleite cleavages changes with

load. I low load region (up to 10 gm) it increases then
it decreases and attains constant: value at abouv 40 gms

load.

(2) There is very little effect of surface treatments
on microhardness in high load region while surface
treatments (such as straining) have significant effect on it
in low load region.

(3 ¥icrohardness is maximun if diagonals of indent
mark are parallel to 1100 (standard direction) and it is
minimum when they are rotated thmough 45° from the standard

directions

(&) The valug of microhardness is nearly ssme for

orpositely matched cleavage faces of cgleite.

(5) The characteristic lines pargllel to [ﬁo] are

observed near indent mark at =>5 gms. loads.



