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Abstract
Grain boundary vhease transformation can be divided into
two large clesses - peculiar grain houndary transformations,
whick do not involve the bul% of the crystal, and phnce treng-

fermetions, which demonstrate at grain boundaries some beha-
viour, different from thst in +he bulk.

The first cless includes transtormations "special grair
toindary-general grain-boundary". Theoretical investigations
and comput-r simuletions in this ares are discussed, Special
attention 1s Tocusseld on experimental research of thegss trans-
formations and grein boundary diffusion i» their vicinity.

The second cless of trarsformations discwe sed comprises
crytical phenomena of grain beundary diffusion in the vicinity
ol phase ftrausformetions of the II kind /trenzitior From fer-
romagnetic to paramsgnetic staie/, Wetting and rrewetting at
grain and phuse boundaries in the vicinity of "weak" phese
transformations of I kind,
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Introduction

Phage transitions on grain boundaries attract still grea-
ter attention of investigators. Computer simulation of the
grain boundary structure shows that the grain boundary structu-
re may depend both gn the temperature and on the impurity con-
tent [6,11-13,17,32].

The phage transition "special grain boundary - general
grain boundary" was first experimentally observed in the work
by Aleshin, Prokof'ev, Shvindlerman [1] during their studies of
diffusion of nickel across the grain boundaries in copper in
the vicinity of coincidence misorientation [5] The possibility
of special grain boundary-general grain boundary transition
with varying temperature and/or misorientation angle was analy-
zed in detail [35]. Loikowski, Gleiter and Maurer [19] showed
that the number of low energy special grain boundaries near the
coincidence misorientation actually increased with decreasing
temperature. Maksimova, Straumal, Shvindlerman [20,22] experi-
mentally constructed the region of existence of special bounda-
ries near the coincidence misorientation X 17 in tin. Maksimova,
Rabkin, Straumal, Shvindlerman established how the surface ac-
tive impurity alters the temperatuwre of the "special boundary-
-general boundary" phase transition in tin. Sickafus and Sass
[36] showed experimentally that an increase of the impurity con-
centration in grain boundaries gives rise to a structural phase
transition.

These experimental data and the computer simulation re-
sults pertain to phase transitions occurring only in grain
boundaries and not followed by any phase transformations inside
the grains which form the boundary. However of not legss inte-
rest are the grain boundary phase transitions occurring near
the bulk phase transitions, In these experiments, however, the
object of the investigations, i.e. the grain boundary with de-
finite crystallographic parameters must held,

Therefore these experiments involve Kind II bulk phase transi-
tions or Kind I "weak" transitions, close to Kind II ones, with
a small thermal and bulk effect. Usually Kind I weak transiti-
ons are not accompanied by strong restructuring of the crystal-
line lattice, in the process of transition the atoms are shif-
ted by a spacing smaller than interatomic ones. These transiti-
ons may, under certain conditions, proceed like Xind II transi-
tions, without the formation and growth of nuclei. On the ex-
ternal surface near weak Kind I_phase transitions one may ob-
gserve prewetting phenomena 5,7].

Experimental technique. Sn-=In phase diagramn

In order to study the bulk phase transitions in grain boun-
daries, we have taken the Sn~In system. Prom the data L3,14,27J
the region of the solid solution of indium in P -tin goes as
far as 6-8 at. % indium with T < 150-170°3, and between 10 and
23 at, % indium there is the X -phase with a simple hexagonal
lattice. The X -phase is formed according to a peritectic or a
peritectoid reaction from different data: 75°C [31] , 2509¢,
224°C [J4,27] . The width of the tin-base golid solution regicn,
cited in these works, is unusually large: in the other tin-base
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Systems the soluoliity limit drops rapialy at temperatures be-
low 17C-150°2 ard does not exceed several tenths or nundredtns

rercent [34]. Glessen LB] reports the existence at room tempe-
rature oI the  J'-paasse of which Ine homogenelty region is lo-
carzsd on the ti*—;:alar ciagraz ocelween the -pnase and tne
-tin-base solid solution. fae '-phnases with analogous
structure exigt In the indium-dismuth and tellium-tin systems
as well [8] , and the ) -phases in the mercury-tin and cadmi-
ua-tin systems [33]. The position of the 4 -phases on binary
Giagrems of Z-metais 1s determined by their electron concentra-
tion (3,9 electron/atom). A simple nexagonal lattice of the
! -nnase is formed from the B -tin structure by displacement
oI subiattices dy a gquarter-period alo** the J-axis [30]. In
the '~nphase ‘a*tlbe the same digplacement occurs lesg than
oy & cuarter-veriod along the X-axis [8] the elements of the
'-nnase crystalline lattice remaln the same as in j3 -tin.
Straumal, Al-drer, Shvindlierrman [37] determined the temperature
dezencdence o7 tne ceoelficient of interdiffusion in the indlum-
-tin systen within the concentration range of indium of 1=-8 at,
# indium, {nls temperature dependence exhivits two portions
witn different activation energy. On the higa-temperature por-
tion zThe activation enerzy agrees well with the puolished data

on diffusion of isotopes whereas con tne low-temperature nortion
it Ls approx;matelv two times a8 low, A drastic cnance of the
activation enerzy was not followed by a noticeanle jump of the
gi7fusion coefficient., mis 18 a cnaracteristic feature of the
xind I phess transition or the Xind I transition, close to
find I1.

Inerefore in the first part of our wor«s we destermined more

nage diagram in the range of larze con-

eccurately Thne Sn-in D
centrasions of tin. sor tais we determined the hom 0geneity re-
gions of B , 4 and 4 '-phases by means of an analysis of
tne conceniration distriouticns in the diffusional layers,
formed at interdiffusion ¢f tin and indium.

0 invesiigats the grain poundary properties in the vici-
nity of the pulx phase transition, we selected twist <OO1>
poundaries. Like in the - ¥/ transition the atoms are dis-

rlaced alconz the tatragonal ( 01> axis, whereag in the twist
bouncary Dlaqe witn the <LOO1> rotation axis the mutual loca-
tien of the "*3cbal—Lattlce gsites 1s unchanged. 3icrystals with
ulSOVlgﬂua"O“ anzles 27.6, 28,1, 29.1, 30.2 and 31,19 (40, 59)
were Irown. nese values OI tne anrles are near the coincidence
nisorientation 2> 17. In tae vi lnlty of the coincidence mis-
orientation > 17 on tilt doundaries in tin we gtudied the
"gpecial zrain ooundery - Eeneral grain boundary'" transition
[zo,z22 2]. It takxes “lace at temperatures close to melting tem-
seratures (130- 21592), and the region of existence of > 17
special touncaries 5oes from 26 to 30° ence, four out of five
twist boundaries are special at T <.19O C, whereag a >oundary
with the :isorientation angle of 31,1° is a general boundary.
In order to siudy the odenaviour of grain boundaries in the vi-
' she -4’ trangition in tin indium alloys, we inves-
iffusion of indium on these twist boundaries in

ls of tin were grown from tin grade
1 purity of 99.9999 at. » Sn by means
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of a directed crystallization in a high-purity argon atmoasphe-
re., Special-purity graphite so0ats were employed for the crys-
tal growtn. The misorientation parameters were assizned by mo-
nocrystalline seed crystals in the process of growinz. Thesge
seed crystals were oriented by means of a laser lizht source
directly on an eleciric-sparx cutting machine [28]. The indium
layer was electrolytically deposited on the surface of mono-

and bicrystals of tin. The layer thickness was 100-200 miXm. The
diffusional anneals were conducted in a high=-purity argon at-
mosphere in a special furnace, consisting of a2 thermostat and
twelve gmall furnaces in which different temperatures were main-
tained [23]. Tae indium concentration distribution in the dif-
fusional zones was determined by means of an electron microprone
analysis from the intensity of the InL line at an accelerating
voltage of 15 kW, The coefficients oFf thne bulyx diffusion D of
indium in the alloy were determined ‘rom

= 1-erf (¥/2 VY o%)

P1[%

0

dere C 1is tae concentration of indium (diffusion into a semi-
-infinite sample via the surface with 2 constant concentration
independent of time; Y is the digtance; t is the annezling
duration. The product of ihe grain boundary diffusion coeffici-
ent D' by the boundary width was determined by Fisher's me-
tnod., The validity of utilization of Fisher's formula as an
asymptotic form of Whipple's soluiion was analyzed by means of
ve Claire's criteria (1963). Tae two-ophase regions on the 3n-In
diagram were determined by abrupt changes on the corncentration
curves in tne zone of the interdiffusion of tin and indium,

Results

Fig. 1 presents the 3n-In diagram within the concentration
range from 0 to 40 at. % indium. An analysis of one- and two-
-phase regions in the zones of interdiffusion of tin and Indium

' i i £ & ! '

enabled us to plot the ooundaries of p y B+ 4" and { "'+ 4 re-
gions. Alsc the diagram demonstrates the experimental points
from the works [14,27] , cbtained oy means of a differential
thermal analysis and X-ray structural studies in =& hirn-tempera-
ture chamber. Our data for the solidus line and tne oundary of

and +J/' regions are geen to agree well wita the pudblisn-
ed data. The data obtained by different autnors for ligquidus and
eutectic are practically coincident, therefore they are shown in
Fig. 1 in continuous lines. The studied portion of the 3n-In di-
agram exhibits similarity with the other diagrams where the so=-
lid solution disintegration followed by the formation of an in-
termediate phase with a wide homogensity region is observed:

iron-iridium (phase with ~ 40 at. % Ir), iron-nickel (phase
FeNi3), iron-palladium (phases Fe P3 and rePd3), vanadium-galli-
um (phase V3Ga) [34].

Fig. 2 presents the temperature dependence of the coeffici-
ent of the interdiffusion of indium in tin for the range of in-

dium concentrations from 2-4 tc 8 %. At a temperature T, =
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Pizure 1. Portion of the Sn-In diagram. O - resulis of
tnis worx obtained from the concentration
digstribation in the region of interdiffusion
of tin and indium; 0 - daja of differential
tnerral analysis (Predel, Godecke 1375); A -
data of A-ray structural analysgsis in a high-
-temperature chamber (deumann, Alpaut 1964);

® - p-Y’ transition temperature on grain
bocundaries (see Figs 4,5).

178.7:0.503 tnig dependence exhibits a discontinuity. Above
end below Tp the diffusion coefficient obeys the Arrhenius law,
ine tempnerature Tp coincides with the temperature of the
-%'—phase formation from the solid golution of indium in

-tin (see Fig. 1). As approachinzg T, from the region of ele-
vated temperatures the values of D deviate downward from the
Arrnenius straignt line, and as approaching T. from the sgide of
lower temperatires the diffusion coefficient 8eviates upward
from thne Arrhenius gstiraight line.

rig. 3 precents a mazimal concentration of indium in

grain soundariesg G, as a funciion of depth in Fisher's coordi-
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Pigure 2. Temperature dependence of *the bulk diffusion
coefficient of indium in the conceniration
range from 1 to 8 at. /v In. The discontinuity
on the temperature dependence at T, corresvonas
to the -4 ' transition (see :Ls. 1). Devia-
tions frow the Arrnenius law near Tc are seen.

nates., aAll these dependences have the Torm of straizht lines.
The coefficients of the boundary dlIqu*On, liXe D values for
the bulx diffusion were determined in the concentration rangs
from 2-4 to 8 at. :v indium. Fig. 4 presents the *“emperaiurs de-
pendences of the product D'g for 5 studied twist boundaris=s
with different misorientation angles, Zach of these devendences
exnibits two regions: nigh- and low-temperature ones. At some
temperature T; the diffusion coefficient changes abdruptly.

Jfemperatures TJ are different for different doundaries, taey
are by 17-259C lower as compared with ¢ for trhe bulk diffusion
coefficient. At a temperature T, for the bulx diffusion coeff
cient. At a temperature Te of the bulk phase transition g -4,
where an abrunt change of D is observed, the dependences D15(D)
for grain boundaries exnidit no ging ularltles.

Fig. 5 presents I as a function or misorientati

o
of grain boundaries. It is seen that when a misorientation angle
¥ deviates from the coincidence misorientation
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Figure 3. Logarithm of the indium concentration on the

grain boundary as a function of the depth.
1 - v=31.1% 7= 158,5%; t = 160 h;
2 - 9 =30,29 T = 175.29C; t = 160 h;
3 - 9 =29,19; T = 136,9°C; t = 122 h;
4 - 9 =27,6% T = 144,80C; t = 122 h;
5 - ¥ = 30.29 T = 158,5°C; t = 160 h.

?217 = 28.1°, the temperature drops. Tg decreases within the

region of existence of special X 17 boundaries (Shvindlerman,
Straumal 1985, Makgimova et al. 1987, 1988). Beyond this regien
Tc increases again. Fig. 5 also presents the slags 8f the diffe-
rénce between the temperatures T, in the bulk and T; on the
boundaries.

Digcugsion

A comparison of Figs 1 and 2 shows that the formation of
the J '-phase from the 3 -tin-base solid solution is accompa-
nied by the discontinuity on the temperature dependence of the
bulk diffusion coefficient of indium and a decrease of the ac-
tivation energy of diffusion. The discontinuities on the tempe-
rature dependences of the boundary diffusion coefficients are
displaced from the bulk value of T, towards lower temperatures,
and at T; no singularities are seen on D'§ (T). To our opinion
this suggests that the B - J' +transition on the grain boun-
daries occurs at a lower temperature as compared with the bulk.,
in Fig. 1 in the homogeneity region of the bulk J '-phase the
dark points indicate the temperatures of the grain boundary
P -4 ' transition for the boundaries studied. It follows from
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the Gibbs rule for grain boundary phase transitions in two~com-
ponent systems that the two-phase region B + y' is transformed
to a line on the grain boundary phase diagram. In Fig. 1 these
lines are drawn through each point designating the temperature
of the grain boundary _ -éy' transition. In the studied range
of concentrations the lined of the grain boundary phase equilib-
rium are nearly horizontal: already at a small temperature de-
crease (approximately by 0,5°C) the diffusion coefficient in-
creases sharply as a result of transition from the grain bounda-
ry P -phase to the grain boundary J '-phase. Should these li-
nes noticeably curve, some of Fisher's straight lines (see Fig,
2) would exhibit two differently sloping portions at temperatu-
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i "?() Figure 5. Dependence
- of the £ =Y' tran-

. s s%tion temperature
155 _ _+_ i TC on the grain
boundaries on the
1 - migorientation angle
! - 25 Y . Te is the

B-4 " transition
temperature in the
T - pulk. @ - boundari-
150_ es lying within the

region of existence
of special bounda-
ries > 17, 0 ~ a

O i 2 5 )[P_l&ﬂld.g general boundary,

T I 1 1

Y= 28.1° (> 17).

res slightly below Tg. So, the B wty' phase transition on grain
boundaries proceeds the transition in the bulk, What is this be-
haviour caused by ? How can one explain the observed dependence
of the grain boundary transition temperature on the misorienta-
tion angle ? To our opinion there is a certain analogy between
the grain boundary phase transition, observed in this work, and
so-called prewetting phase transition, We shall conside adsorp-
tion of liquid or gas on a solid substrate. If we are on the li-
ne of co-existance of gas and liquid of the phase p-T-diagram
from the side of the gas phase and the temperature is low enough,
then there is a thin layer of a liquid-like phase of a microsco-
pic thickness 1., The 1 wvalue will be growing in this case. At
some temperature Tw, 1 becomes infinite. IT this growth is con-
tinuous then we are dealing with eritical wetting, and if 1
changes abruptly at Tw from a finite value to infinity then this
is Kind I wetting transition., This infinite abrupt change of the
1 wvelue during the motion along the phase co-existence line at
Iw is an ultimate form of abrupt changes of a finite quantity,
obgservable in the one-phase region of the p-T-diagram, This phe-
nomenon when the thickness 1 of the liquid-like layer on the
substrate increases abruptly is called a prewetting transition.
A phenomenological description of these transitions was first
done in the work by Cahn %5] These presentations hold for phase
transitions of solids as well (see, for example the review by
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Dietrich |10}). If at some temperature T, the order-disorder
transition takes place in the crystal buik then the disordered
phase wets "the crystal-vacuum" interphase as it approaches T,.
If ordering occurg as Kind I phase transition, then in this sys-
tem one can observe pre-wetting transitions too., The experimen-
tal results in this field are, however, meager [2,16,24,26]. We
assume that in the system in question near the bulk phase tran-
gition B -J' on the grain boundaries the _f3 -phase can be ab-
ruptly transformed to the Y '-phase. In our discussion we shall
use Cahn's presentations [5].

We shall congider a go0lid near a weak bulk phase transiti-
on of Kind I. We shall describe its state by means of a scalar
crder parameter « The quantity 3 = O corresponds to a high-
-temperature disdrdered phase, and the quantity =h, to a
low-temperature phase. Let g be the quantity of the order pa-
rameter in the atomic layers directly adjoining the grain boun-
dary. At a temperature lower than the bulk transition temperatu-
re TC h gy generally speaking, is not coincident with b y due
to dlsturging action of the boundary. The corresponding contri-
bution to the free energy of the gystem is given by some functi-
onal of b4, In_this presentation our problem is equivalent to
Cahn's model [5] . It should only be born in mind that the § g
value is closely connected with the boundary structure. Corres-
pondingly, any variation of g ls connected with a boundary
structure variation. Under appropriate conditions the prewetting
transition occurs in this system., This transition consists in
that the » g value decreases abruptly. Fig. 6 shows schematical-
ly the phase diagram analogous to that in the work by Dietrich
[10] for the gas adsorption on the substrate. It is seen that at
a temperature Ig < T g g decreases in an abrupt manner and the
grain boundary struc%ur changes.

So, already such a simple analogy suggests that phase tran-
gitions, similar from the thermodynamical view point, to prewet-
ting transitions can occur on grain boundaries. However, the bulk
phase transitions are not always prececeded by the grain boundary
transitions. There are two important limitations inherent in this
model. Firstly, the phase transition must have a small thermal
effect, that is it must be close to Kind II transition. Only in
this case one can use continual approximation. Secondly, an al-
teration of the order parameter at the phase transition does not
have to affect the mutual arrangement of crystal-lattice sites
of two graing in the boundary. Only in this case the conitributi=-
on of the boundary to the free energy of the system pay be pre-
sent by a quadratic form like in the work by Cahn LS?.

Both these conditions ure likely to be fulfilled for the
B -4 ' transition in the tin-indium system. Pirstly, the ther-
mal effect of the [ - J' transition is small the boundaries of
the two-phase regions (f3+af') were not registered by the DTA
method in the works dealing with the study of the equilibrium
diagram of Sn~-In, and the boundary of the "and (' +4 ) re-
gions was interpreted as a golubility limit of indium in the
& -phase [27] or, else, it was not registered at all [14] . Se-
condly, during the _5 -4 ' transition one of the BCT-sublatti-
ces is displaced along the tetragonal C-axis at a spacing of less
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Figure 6. Schematic presentation of the M -7 phase
diagram of the Sn-in system. Dashed line shows
a change of the chemical potential of tin
atoms with increasing temperature (P = const.).
Temperature T, corresponds to the [ -4 ' tran-
sition in the bulk, temperature T8 corresponds
to the prewetting transition on the boundary.

than 4/C [8]. The plane of a twist {001) boundary is perpendicu-
lar to the C-axis along which these displacements occur. There-
fore, during the B -4 ' transition the geometry of crystal-lat-
tice coincidence of two grains on the studied twist <001 boun-
daries does not change.

So, the observed abrupt changes on the temperature depen-
dences of the grain boundary diffusion coefficient in the sys-
tem tin-indium, observed by us, is attributed to the ' -
transition on the boundaries, that preceeds the ' - transi-
tion in the bulk. The small thermal effect of the transition and
the geometry of the atomic displacements at the transition enab-
le us to describe it in terms of the model analogous to that for
the prewetting transition [5] . We shall consider what follows b
from this boundary transition model. How does the temperature Ts
of the preweiting transition on grain boundaries have to depend
on the migorientation angle of the boundaries ¥ in the vicini-
ty of the coincidence misorientation Yg ? How will Tg change
on going out of the region of existence of special boundaries
into the region of existence of general boundaries ? It is
known that at a small deviation of AY from the coincidence
misorientation Yy a network of so called 'secondary grain
boundary dislocations SGBD with a period d = by /23in(AY/2),
by being the Burgers vector of SGBD's is formed on special
boundaries. We shall consider a simplest assumption that the
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core structure of SGBD's corresponds to the structure of the
high temperature grain boundary phase. Generally gpeaking, in
this case, one has to solve a two-dimensional problem

Z = (x, ¥), we shall, however, simplify congiderably the
calculations by egonsidering the prewetting phase transition

only in one grain boundary phase, irrespective of the grain vo-
lume.

The thermodynamical potential of the unit volume of the
grain boundary phase as a function of the order parameter has
the form shown in Fig. 7, ? g 1s the quantity of the order para-
meter in the layers adjoining the low-temperature grain bounda-
ry phase. As the temperature is increased the "thermodynamical
gap" A is decreased, and with T=T2P it vanishes. Here T3P is
the temperature of the prewetting ¥ransition on the boun&ary
with ¥F = Y& , With account taken of our agsumption on the
core structure of SGBP we minimize the functional

P, = j{g-m{gg) +P(5)} ox
with the boundary coﬁditions

o — J -
poj=pld) =0, 2] =] =0

We %pproximate the ‘?D(ﬁ) function by the 4-th order polyno-
mia
af A 14 2
Plo) = (=S (92 + 550+ °)

We seek for the solution in the form

| ’.ZL?“ (1~ces Z/;?(} OS\C?S/\

h(x)= Ds | hysdd-h
%?5' (1-cos Z/ii__f}) Ad-h <'3€0‘/

After the optimization with respect to h we obtain that with
" 2
A = (mrpE+ Vmirsd v Toragdol™) /8

the solution ? (x)=0 corresponds to a minimum of the energy.
With A*P"O (@ = @ ) we have

PP .
AT-“:. /csp_/CMANOI NA?

So, at deviation of the misorientation angle of the grains from
the coincidence misorientation s by a small angle AY

the prewetting transition temperature on the boundary drops in
proportion to ASO . If A&,D is such that the misorientation
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. 26 2

Figure 7. Schematic dependence of the volumetric density
of free energy % for a grain boundary on the
order parameter b . At low temperatures the
disordered phase ( b = 0) is separated from the
ordered phase by a "thermodynamical gap" A .
As the temperature grows A decreases and va-
nishes at the temperature of the grain boundary
phase transition on the special boundary.

angle goes beyond the limits of existence region of the given
special boundary (Shvindlerman, Straumal 1985), then this boun-
dary will no longer wxhibit large inhomogeneities. The prewet-
ting transition on such a boundary will occur at a higher tem-
perature as compared with a special boundary with a close mis-
orientation angle. All these explain qualitatively our experi-
mental dependence T8 (¥ ).

It is to be pointed out that though the above stated pre-
sentations are applicable only to weak transitions of £ind I,
the computer simulation in terms of the lattice gas model and
molecular dynamic simulation [4, 15] show that at a temperatu-
re lower than the melting temperature a liquid-like phase layer
is formed on the special boundary. Our model suggests that se-
condary grain boundary dislocations are wetted by the high-tem=-
perature phase. Then at a certain temperature T,, lower than
the melting temperature, the SGBD network in the special boun-
dary may disappear. It is one of the possible mechanisms of the
"gpecial boundary-general boundary" transition [co-22, 35].
This approach explains why this transition occurs at a change
of both the temperature and the misorientation angle: in either
case the SGBD cores begin to overlap, in the former case due to



662

SHVINDLERMAN and STRAUMAL

geometrical, in the latter case due to thermodynamical causa-
tive factors.

The authors wish to thank D.E. Khmelnitsky, V.E. Fradkov,

G.V. Uimin for the useful discussions of the work, and E.L.
Maksimova for the assistance in conducting experiments.
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DISCUSSION

W. Gust

How 1is 1t possible for you to determine the misorientation angle
with accuracy of 0.1 degree?

L.S. Shvindlerman

In fact this problem consists of two tasks: the first - prepara-
tion of bicrystals with parameters of the boundary within a very
narrow range, the second - the accuracy of measurement. The first
task was performed by means of optical ogientation, which allowed
to obtain specimens with accuracy of 0.1, Precise values of the
parameters of misorientation of already grown bicrystals were
found by means of diffraction patterns obtained by a wide X-ray
beam. The accuracy was 0.02-0.05".

K.T. Aust

You showed a curve for diffusion coefficient vs. deviation from
exact coincidence (A48) for a =17 grain boundary. Do your ex-
periments show a dependence of such a curve on the 2 value?

L.5. Shvindlerman

We studied a phase transformation "a special grain boundary - a
general grain boundary”™ on tilt boundaries <00> in copper (2 5)
and <001> in tin (Z 17). Such diagrams of state can be obtained
for other materials too. In fact, this 1s not a simple task be-
cause for the boundaries with high density of coincidence lattice
sites (lowZ> ) the temperature of phase transition is quite close
to melting temperature, and for big 2 the transition temperatures
are too low for the diffusion,
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G. Erdélyi

1. Have you observed a grain boundary migration during your dif-
fusion experiments? 2. The cusp on the g.-b. energy-misorienta-

tion curve was observed to be sensitive to the pressure. It was

considered to be a possible pressure-induced g.-b. phase trans-

formations. Have you observed similar phenomena in your experi-

ments?

L.S. Shvindlerman

1. We observed no migration during diffusion experiments. 2. No
doubt, pressure can change the parameters of phase transitions

in a boundary as well as produce new ones (as was shown experi-
mentally by Prof H. Gleiter for sintered monccrystalline balls,
where pressure changed the number of special grain boundaries
observed). Pressure is also useful to obtain the difference of
specific volumes of grain boundary phases from the Clausius-Cla-
peyron equation. However, we did not carry out these experiments.

Ch. Herzig

Have you observed the effect of the ferromagnetic phase transi-
tion on grain boundary diffusion only in iron alloys or also in

pure alpha-iron? We found® such an effect when 652n and 59Fe
tracers were simultaneously diffusing in « -Fe. In this case the
Arrhenius plot of both tracers was curved. When, however, Ffe
self-diffusion alone was investigated in the same o -fe materi-
al a linear Arrhenius was observed. Therefore the anomaly may be
related more to a change in segregation than to a structural
change in the grain boundary.

L.S. Shvindlerman

We investigated volume diffusion of zinc and tin in Fe-Si alloys
and grain-boundary diffusion in the same alloys along an indivi-
dual grain-boundary. The fact that the anomaly is observed both
for the volume and grain boundary diffusion brings support to

the point of view that the anomalous behaviour of the diffusion
coefficient is caused by the magnetic transformation and not by
segregation changes. for the grain boundary diffusion the anomaly
1s stronger. I1 should be noted that the interval of the anoma-
lous behaviour of the diffusion coefficient is naot quite wide -

a few dozens of degrees. The distance between temperature points
i1n our experiment is ~3°C, in the experiment of Prof. Herzig it
is about 10°-20°C. It may account for the instsbility of the ano-
maly,

K. Ltitcke

According to your ideas must the breakaway of a grain-boundary from
solute atoms, as described by the impurity drag theory, be included
in the theory of grain boundary phase transformation or must it be
treated separately?

*Proceedings of the Conference on Solute-Defect Interaction-Theory and Experi-
ment, Kingston, 1985,
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L.S5. Shvindlerman

The guestion whether temperature dependence of migration should be
explained by the breakaway of the boundary from the solute atoms
is quite natural. If the mobility jumps are in fact connected to
an equilibrium phase transition in grain boundaries, than TC
should not depend on the driving force of the migration. In “our
experiment the driving force was increased up to 3 times the ini-
tial value, but no change in T_ (within the experimental error
~1-C) was observed. For a breaanay even small deviations in dri-
ving force cause considerable shifts of the breakaway temperature.
It was found in our experiments on breakaway of the special boun-
dary <111> X19 in aluminium™*. The change in the driying force
by a factor of 1.5 shifted breakaway temperature by 25°C. At last,
the kinetic explanation of the jumps is contradicted by the angle
dependence of the jump temperature. Ffor the breakaway the tempera-
ture is lower for more "specisl"boundaries (i.e., for smaller de-
viations from special misorientation). For an eqguilibrium phase
transition "special grain boundary - general grain boundary" the
dependence is inverse, which was in fact observed in our experiments.

* Molodov, D.A., Kopeczky Ch.V., Shvindlerman L.S. - Solid State Physics,
1981, v.23, No.10, p.29-46 (in Russian).



