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LBSTRACT
The effective properties of a two-pPhase system

during phase transition used to def ine the volume fract-
ion of each phase, may be helpful in understanding the
mechanism of such transformation. Both the problem of
gtudying the property-content distribution, especially
the electrical conductivity and its dependance on volume
part of each phase and their relative digtribution, as
well as the mechanism of phase transition have great theo-

rétical and technological valuse.

This thesis is concerned with a theoretical inves-
tigation of the kinetie of phase tranaformation of pure Se,
on the basis of Avrami squation in conjunction with two 4if-
ferent models for the electrical conductivity-content de-
pendance of a double phase system (a modified Kirkpartrick
and a suggested empirieal models). Two distingulshed trangi-
tions have been considered; a morphous—crystalline(a_;C) and

1iquid—crystalline(j?-9 ¢) transitions.

As the electrical conduetivity is a temperature de-
pendant, a procedure was agsumed to exclude heat effect in
order to identify the volume fractiornf (%) as reflected by
the conduetivity changes associated with Phase transition

only and compared to that without exeluding such heat effect.
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fhe arder 4 Cieractarising tne mode oF eryatallisaticn,
the reate k of xrowhtn and the activatiod eicrgy b of ph=gse
tpansition in ~1l cases heve becn dedueed »nd correlated
with » model reported for the crystallisztion of 3e througn

primsry and gecondary Processes.

Orystnllization of Se (in both = = ¢ and ,g-——) c
transitions) oeccurs mainly through two subsequent pProcesgassi
formation ~nd growth of isolated fine erystallites dispersed
into parent amorphous Phase followed by welding of lus seatn
boundaries to form mors ordered nonisolatel crystmlline

network.

Tn ecase where heat effect is exeludedl, the order n
>f the primary process ranges betweell 1e03 = 2.83 seveve
for a --» ¢ transition and between 1.13 - 3.76 for f--} e
transition (on basis of (G~ ) whereas n for the secon&nry
procegs ranges between 1.1l - 1.72 fon = =->» ¢ transitidn

and DetWeell ses Vo773 — 147, ... for ?——-9-; ¢ tranglition,

ind. _ating = one—limensional mode of erystallization. The
activation cacrzy of this second procarn~ iz 20,94K Cal/mole
in the rangcs 100-150°C in consistent wita those theoretli-

cally reported praeviously for pure 3Se.
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The smpiriecal formula (based on 1og ¢ ) could not
detect the primary proecess due to the low sensitivity of
log & to the amall ehanges in conductivity assoeciated with
this procass, it could predict only the secondary process
where the conductivity increases by sseveral orders of mag-
nitude; Meanwhile, the modified, Kirkpatriek formula proved
$0 be more convenient in predicting both processes of crys-
tallization in particular when the heat effect is sxcluded

ag the primary Procegs becomes more pronouncede.
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Solids which do not meet the criterion of a long -
range pcriodically repeated pattern of atoms are known
ag non -~ crystalline or amorphous solids(l). A distlactivs
eclags of such solids is "glasses" which can be preparesd
by quenching from the melt. This is to distinguish them

from other amorphous solids which can be formed by varlous
(253);

depogition techniquea @sgs by slow condensation of
vapours on cold substrates. However, 1t is doubtful that
"glaasses") so defined,differ sharply in nmicroscopie character
from amorphous solids with the same composition formed in

(4)

other waydg.

There seems to be no rigorous theoretical proof
that the most stable form of a substance, even if it ls
monetomic, must at low temperature be crystalline rather
than glagsy or liquid(S). However, exXperience has shown
that, with the exception of helium, the most stable low
temperature forms of pure substances are crystalline. This may
be due to that the energy of the ordered atomic arrangement

(6)

ig lower than that of an irregular packing of atoms.
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Transition from nonerystalline to crystalline
state csn be acheived by any activating means such as
thermal energy(l)or light illuminati&n(T). Thig trans-
farmation takes place through two temperature-dependent
processess a nucleation of fine crystalline centres {nueclsli)
and z growth of these nuclei(a). The formcr is very
gensltive to the thermal history and the impurity centres
in the material(g), while the latter may be correlated
with the motion of brocken bonds, hole formation and hole

(1)

motion Both processes may assist hetrogeneous nucleatlon

in 8s.

The free enasrgy of formation of nuclei or the
energy threshold depends on the rate at which these nesw
centrecs of +the new phage are created in the Parent phase.
Thig implles the depsndence on the process of diffusion
and the free surface energy between the solid crystal

(9

and the marent phase

Phase transformation is accompanied by remarkable
changes is various physical, chemical and mechanical

(4)

properties of the amorphous material The determinagtion

of the chonges of a certain property may be useful for
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qualitative and quantitativs invesgtigationsg of sucn

a L . . (10,11
transformetion. Of these are deansity measurementa, s11)

optical and electrical measurements, X-ray diffraction(le'IB)

(14’15), magnetic suscept-~

(17).

electron microscope spectroscopy

(16)

ibility measurements as well ag ESR spectroscopy

It has been shown that the dc electrical conductivity
can be sueccegsfully considered as experimental parameter
to account for phase transformation in particular for Se
and Se-like structurses. This may be mainly due to the
strong variation in conductivity during crystallization

(18), and the eass

(19).

Process; ce.Ze. 106 timeg for pure Se

with which thls technique may be applied

At any intermediate point during transformation,
the system can be considered as a two-phase system ( »morphous
and crystalline existing sgimul tanasously). The effective
properties of such gystem used to dcfine the volume
fraction of each phase, may be helpful in understanding
‘the transformation mechanism. Both the Troblem of
studying the property - content charscter:zation, esbecially
the elecirical conductivity and its #: ). 2ndence on volums
part of each phase and their relative distribution, as well
a8 the mech-nism of phase transition have great theoretical

»nd technolozical value.
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This thesis 1s conce-ned with a theoretical
investigation of the kinetics of phase transformation of
pure Se based on a data obtained previously at cur lab.
Using de electrical conductivity as an experimental
parameter to follow the transformation process. Avrami

(?0’?1’22) was used in conjunction with two

equation
different models of the electrical monductivity - contant

dependence of a double phase gystem.

As a matter of fact that compositional and
gstructural hceterogeneity as well as potential fluctua-
tions seem to play ~» important role in noncrystalline
systems. Conductior musgt then be treated ag s Percolation

1)
process favoring pathes of high COﬂdUCtiVitY(?3'g4)'

(25)

Part of the work is devoted to put kirkpatrick equation
in a modified form, which i=s ~:v-: onigiha first model.

{(26)

The suggested familiar empirical formula "~  is the gecond medsl

Two distinguished trangitio-z iiave been congldered;
amorpnovg-crystalline anad Tigquid -—=>» crystalline

transitions.

As tne slectrical conductivity ig a tempergture

dependent =z nrocedure was agsumed to exclude heat sffect in
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order to identify the volume fraction (O (t)) as
reflected by the conductivity changes associated with
phase transition only and compared to that without
excluding such heat effect. The order n characterising
the mode of crystallization, the rste K of growth and the
activatlion energy E of phase transition in all cases

have been deduced and correlated with current theories now
in discussion for the crystallization of Se through

primary and secondary processes.
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