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Introduction

Recently considerable attention has been given to the observed fact that
during "in situ" annealing of thin metal foils in the elegtron microscope, the
contrast from extrinsic grain boundary dislocations /EGBD*s/ disappears /1-6/.
As EGBD’s are formed by running into the boundary of lattice dislocations, this
process causes the boundary to absorb dislocations ie. decrease their density
in the material.

The opinion prevails that this process can be interpreted in terms of
& spreading of EGBD'’s cores /2,3,7,8/. It has been observed that spreading
temperature is strongly affected by the grain boundary structure /2-8/. On
"random" boundaries with high-energy misorientations, the spreading temperature
is of the order of 0.2-0.3 Tm /Tm - melting temperature/, being considerably
smaller than on "special” low-energy boundaries, close to the coincidence
misorientations, On the other hand, it has not yet been established what effect
the spreading process has on the grain boundary structure. It has further been
observed that the spreading temperature at recrystallization fronts is lower
than at grain boundaries in recrystallized material /4/,and that in austenitic
stainless steel the spreading temperature at random grain boundaries following
recrystallization at a relatively low temperature /0.6 T/ is lower than in
well-annealed specimens /0.8 T/ /6/. These observations seems to suggest that
the absorption of a large number of dislocations may result in the grain
boundary structure being changed so as to reduce largely the spreading
temperature. This may support the opinion that grain boundaries-~can acquire a
nonequilibrium structure /4,9-11/, and that at high temperature an equilibra-
tion process can take place /6,9,10/.
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MOBILITY OF DISLOCATIONS IN GRAIN BOUNDARIES

M.W. GRABSKI

Institute of Materials Science and Engineering, Warsaw University of
Technology, Narbutta 85, PL-02-524 Warsaw, Poland

Résumé - Nous avons analysé la mobilité des dislocations dans les joints de
grains (JG) en terms de la dissociation des dislocations du réseau dans les
dislocations extrinségues et leur mouvement consécutif le long du plan de
joint. La cinétique de 1l'accomndation est confrantée ensuite avec les
résultats expérimentaux. La cinetique de 1'accomodation est contrélée par la
diffusion intergranulaire et constitue une propriété caracteristique d'un JG.
Nous résultats expérimentaux recents concernant l'effet de la structure des
JG et de leur camposition chimique sur la cinétique de 1'accomodation, ont
été analysés du point de vue de leur influence sur les processus se
produisant aux joints ainsi que de leur application pour 1la caracterisation
du fonction de distribution des propriétés intergranulaires 4d'un polycrystal.
Le processus de l'accomodation est responsable de nombreux phénoménes d'une
importance technologique, gui ont lieu aux JG et plus particulierement dans
les températures intermédiaires. Nous avons enfin suggéré des différentes
possibilités d’une exploitation eventuelle des données concernant le
phénoméne de l'accomodation dans 1l'ingénierie des JG.
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Recently the spreading of extrinsic grain voundary dislocations /run-in
dislocations/ was observed at high angle grain boundaries during in situ
annealing in the electron microscope /1-3/. In this process the diffraction
contrast disappears because of an epparent increase of the width of the
dislocation core /2/. The event is thermelly activated ond leads to an
energetically more favouratle configuration /2/. The induced change of the
srain boundary structure and the associated change in energy could presumably
be understood by extensive atomistic calculations /4/. Up to now such computer
simuletions have not been consistent in the sense that the interatomic
potentials used are fitted to bulk properties and are not modified in accord
with the reduced density or existing free volume at the boundary. The same
difficulties are known from the simulation of the structure of cores of bulk
dislocations /5/. ifor such dislocations the Peierls model takes the discretness
of the lattice into accound within the framework of linear elasticity /6,7/.
The purpose of this note is to point out that the spreading of the grain
boundary dislocation cores can be physically and formally understood in the
Peierls model.

In the elastic theory of bulk dislocations the dislocation core is
assumed as singular, the Burgers vector is distributed like a delta function,
the disregistry like a step function and the stresses and strains diverge at
the core. The prominent feature of the Peierls model is that the Burgers
vector is distributed continously and no divergencies of stresses and strains
remain. The core is essentially described by a characteristic spreading width.
For the bulk crystal this width is of the order of the periodicity of the
lattice and, consequently, of the lattice constant. For a grain boundary the
two are not necessarily of comparable order and the spreading width is
determined by the periodicity of the boundary rather than the periodicity of
the lattice. Because of the orientation difference between the two grains
forming the boundary the misfit across it will be periodic with a longer
periodicity than either of the lattices. For example, in the coincidence
lattice models /8,9/ the periodicity d k1.in & given direction [nkl in the
grain boundary plane is the square roo? $f the coincidence number ¢ times
the lattice periodicity in this direction. In the following calculations it
is assumed that the structure of the grain boundary is disordered relatively
to the ideal crystal, this disorder varying periodically.

In a bulk crystal the width of the dislocation is found from the Peierls
integral equation: 4.

M odut) gy
j_x—x' ax dx'= 64 (x) /1/

where the stress GXQ;S acts egainst the spreading. It is given by
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INVESTIGATION OF EXTRINSIC GRAIN BOUNDARY DISLOCATIONS IN COPPER
Spreading of Extrinsic Grain Boundary Dislocations '
in Mﬂ"" Deformed Aluminium R. A. VARIN, J. A, KOZUBOWSKI and M. W. GRABSKI
By Institute of Material Science, Warsaw Technical University

Narbutta 85, 02.524 W . Pol
LAV ), W Waszysowss (a), W, Lokowsks (b), sedd M. W, Grarsks (u) arbutta 24 Warsaw, Poland

smiceon e e Jenuitice g T . Résumé, — Les dislocatons de joint de grams extrinwgues (DJGE) dans le cutyre ont é1¢
’:}‘_ . “:";:' rorvednacs KU 0‘8." :“ s M‘,' ey ‘:“%%m ctudides su moyen de la micwscode électronique par transmission. On a démontre quapres |a
ond CANINSS g% mdary disborntions s)in plasticully deformed sluminium. e recristallsation et un recuit 3 0.6 75, DIGE existent dans fes joints de grain tandis que c¢ n'est
senneaita ahow that the zrain intenior didocatuon dessity toeroases with strain hat the random

pas le cas lorsgue le recurt o @& fait & 0.8 7, Pour plusicurs jonts de grins on a examiné by

vigh-angle eaim loundarics srv free from BGIRD S which can b observed only on special boundarics cristallographie des défauls et 0n x ey recours i la théorie dynumique de diffraction en cakulant

w cipeidonce or bow and mesdivm angho). This bohavir of different types of grain boundaries les profils de contraste des DIGE, Les résultats obtenus ont été compares avee les images
o b e plasard b torms of ECED cone width after spreading which cannot exceed the grin observées, co gui avait pour but ¢d'obleair quelques informations sur ke vecteur de Burgers des
wwenilary petsed of spevial bosmdares défaurs amlyst. Dans presque tous les cas les lignes des DIGE s'étendent e loag des

intersections des plans [ 111 ) avee la surface de joint de grain, mais les directions du vecteur
de Rurgers de ces dislocations n'appartiennent pas souvent s méme plan | 111 | On & mis en
évidence le fain que les DIGE peovent agir P'une sur P'autre par un processus de montée, Ces

ations sont regandées comme une preuve de fa restauration de¢ la structure du joint de

gram

Abstract, — The extrinsic grain boundary dislocations (EGRD's) in copper have been studied
by transmission ¢lectron micmsc:dpy. It was shown that some EGBD'S remain on grain
boundarics after recrystallization and anncaling a1 0.6 T, but not on those annealed at 08 T,
For several grain boundanies the crystallography of the defects was examined in detail and the
dynamic theory of diffraction was used for computations of contrast profiles from EGBD’s.
The results were compared with observed images 10 obtain some information about the Burgers
vectors of the analysed defects. In nearly all observed cases lines of EGBD's lic aloag the
intersections of { 111} planes with the boundaries plane, but the directions of Burgers vectors
of these dislocations very often do not belong to the same [ 111} plane. Evidence was also
obained that EGED's are able to react each other by a proces involving climb. These
observations are regarded as cvidence of the recovery of the grain boundary structure.
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Fig. 2a. The beginning of the relaxation process of partialy

spread out EGBDs
Fig.1. Schematic view of a non-equilibrium gran boundary with
EGEOs having partially sproad out cores and Burgers vectors por- el
‘pendicular to the boundary plane BD
L - grain boundary length, w - width of an EGBD's core, \
Ato D - grains \\
\ -

’ &
/,,g;._ \

Fig. 2b. The appearance of the grain boundary after complete
relaxation of EGBDS. usgp. Ypco ~ displacemeant of triple points.

Fig. 23 and b.  EGBDs relaxetion process
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Table 1. Relaxation times for compiste annhilation of spread
oul EGBDs calculated from eq. (12) and estimated on the basis of
experimental results of the GB free energy changes with time of
anngaling, observed in an austenitic stainless stoe¥).

Temperature L, pm  Relaxation time, h

;‘é“"‘“"‘- rel)  Calculsted estimated reference

from eq. (12)Fom
ret.¥) expenmental
results of
GB energy
chanpos
750 25 12 >0 his work
(wo oxtend
anneaing
time 1010 h
a8 CoMmpared
withShin (1)
800 32 43 >1 ret?)
850 438 26 >1
950 260 66 -1
1085 290 047 -~ 01

Remark: The following values of the parametars in eq. (12) were
taken for calculation:

Dy E 1.74 x 107" exp (— AHJRT) m%ls, where AH,

- 284284 Jimol=),

G =839 x 10" Nim® 2 Ve 1164 x 1079 47

AEALNG TR | &

Fig. 3 The relative change of the gram boundary energy incre-
maent, 4 ya, due 10 partially relaxed EGBOs s 8 Ainction of annoal-
Ing time for various annealing temperatures' ). 4 y§ = the value
of enargy Incrament al the beginning of the eQuiration procoss
(t = 0).
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MOBILITY OF DISLOCATIONS IN GRAIN BOUNDARIES

M.W. GRABSKI

Institute of Materials Science and Engineering, Warsaw University of
Technology, Narbutta 85, PL-02-52¢ Warsaw, Poland

Bésumé - Nous avons analysé la mobilité des dislocations dans les joints de
grains (JG) en terms de la dissociation des dislocations du réseau dans les
dislocations extrinségues et leur mouvement consécutif le long du plan de
joint. La cinétique de 1'accomodation est confrantée ensuite avec les
résultats expérimentaux. La cimetique de 1'accomodation est contrélée par la
diffusion intergranulaire et constitue une propriété caracteristique d'un JG.
Nous résultats expérimentaux recents concernant l'effet de la structure des
JG et de leur composition chimique sur la cinétique de 1l'accomodation, ont
été analysés du point de vue de leur influence sur les processus se
produisant aux joints ainsi que de leur application pour la caracterisation
du fonction de distribution des propriétés intergranulaires d'un polycrystal.
Le processus de l'accomodation est responsable de nombreux phénoménes d'une
importance technologique, qui ont lieu aux JG et plus particuliérement dans
les températures intermédiaires., Nous avons enfin suggéré des différentes
possibilités d'une exploitation eventuelle d données concernant le
phénoméne de 1'accomndation dans 1'ipgénierie des JG.

Abstract - The mobility of grain boundary (GB) dislocations is discussed in
terms of the dissociation of lattice dislocations into extrinsic GB
dislocations and subsequent spreading of the dissociation products along the
\_ boundary plane. The kinetics of spreading is analysed and compared with the
experimental evidence. It is shown that the motion of EGBDs is controlled

® N
by the GB diffusion and is a definite, characteristic property of an
individual interface. The new experimental results related to the dependence
of spreading kinetics on a GB ructure and chemical composition are
analysed both from the point of view of its influence on the GB processes
and of its utilization for the determination of the distribution function of
GB character. Activation of the spreading process is responsible for many GB

dependent phenomena of engineering importance, especially in the range of
intermediate temperatures. The possible ways of expleiting the data

® @ 2
‘h 7 concerning spreading in the design of GBs are shown.
q n C 1. INTRODUCTICKF

Under the influence of imposed constrains dislocations can be created in the
grain boundary (GB) which don't belong to its equilibrium structure. These are
usually - called extrinsic grain boundary dislocations {EGBDs) [1] solely to

distinguish them from the intrimsic or structural GBDs (SGBDs) which accommodate
the lattice misfit at interface being inherent constituent of GB structure [2+4].
Both the SGBD and EGBD posses the DSC Burgers vectors characteristic for given GB

crystallography [5] but not necessarily of the same type. The distinction between
SGBD and EGBD can be maintained only by the reference to the equilibrium structure

I —— T e etinivton the st etz 1
\ By definition the SGBD, being part of the equilibrium structure of GB

cannot be responsible for any dislocation-controlled GB processes. The changes in GB
structure or any processes occurring at GB as the annihilation and generation of
lattice dislocations, GB sliding, GB migration or cavitation etc. must therefore be
related to the processes of creation, motion, rearrangements and annibkilation of
EGBDs which because of the small, non lattice Burgers vectors, are constrained to
remain in the boundary when they move.

The EGBDs can be created im ¢t ting network of BSGBDs by the
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Pami¢C o osiggnieciach Profesora Maciej W.
Grabskiego

Jak pielegnujemy chronimy historyczny i naukowy wymiar Jego
osiagnie¢ naukowych?

Co o Jego osiaggnigciach 1 wkladzie w swiatowe metaloznawstwo
fizyczne wiedzg nasi studenci, doktoranci, mtodzi naukowcy?

Jak pielegnujemy dorobek Profesorow S. Wojciechowskiego, A.
Maciejnego, S. Gorczycy...?

Czy nie byloby wlasciwym ustanowienie zwartego elektronicznego
zasobu prac polskich metaloznawcow?

Poczynajac od osiagnie¢ J. Czochralskiego?



Dziatalnosc publiczna Profesora

Przemiany polityczne w Polsce po 1989 roku otworzyty Mu droge do
dziatalnosci publicznej

W latach 1990-1994 w zespole ekspertow MEN dziatal

W kadencji 1991-1994 przewodniczyt zespotowi Nauk Technicznych
Komisj1 Badan Podstawowych KBN

W kadencji 1994-1997 byt wiceprzewodniczacym Komisji Badan
Stosowanych KBN.



Dziatalnosc publiczna Profesora

« W latach 1992-2005 Prezes Zarzadu Fundacji na rzecz Nauki Polskiej

* Fundacja pod Jego Zarzadem stala si¢ w petni niezalezna, apolityczna
instytucja wspierajaca badania naukowe w Polsce wedlug najlepszych
wzorow swiatowych

* Do 2012 roku cztonek Rady Fundacii,
* pozniej cztonek honorowy Rady



Naukowy testament Profesora

»28 stycznia 2016 roku w siedzibie Fundacji na rzecz Nauki Polskiej
odbyla si¢ premiera ksigzki wieloletniego prezesa Fundacji na rzecz
Nauki Polskiej prof. Macieja W. Grabskiego pt. ,,O nauce w Polsce

— zamyslenie” z udzialem wybitnych przedstawicieli polskiej nauki”
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W dyskusji na temat ksigzki
I kondycji polskiej nauki
uczestniczyli miedzy innymi
Profesorowe

Maciej Zylicz, prezes
Fundacji na rzecz Nauki
Polskiej,

Krzysztof J. Kurzydtowski,
Mirostawa Marody

Andrzej Biatas




Profesor zwraca w swojej ksigzce uwage, ze kluczem do zapewnienia
nauce przysztosci sg trzy powigzane ze sobg sprawy:

o jakosc,

o model kariery

o 1ntelektualna oferta dla mtodych

Po pierwsze musimy wydac walke bylejakosci. Obserwujgc zmiany, jakie
od kilkudziesieciu lat zachodzg w polskiej nauce i szkolnictwie wyzszym,
mozemy dostrzec ciggle obnizanie sie kryterium jakosci ....

Po drugie musimy zmienic dotychczasowy model kariery naukowej ...)
Okazalo sie, ze nie jestesmy przygotowani do stanowigcego istote
partnerskiej wspotpracy dziatania zespotowego (...).

Po trzecie wreszcie naszq troskq musi by¢ tworzenie intelektualnej oferty
dla mtodych ....




Prawdziwy problem polega na tym, by garngcy sie do nauki
uzdolnieni mtodzi ludzie znalezli prawdziwych mistrzow, ktorzy

autorytetem, wiedzq i optymizmem potrafiliby ten zapat

ugruntowac, wszczepiajgc wartosci, ktore sq dla nauki
najcenniejsze.

Dziekuje Ci Profesorze
Byles prawdziwym Mistrzem, Autorytetem
Byles takze prawdziwym Przyjacielem
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