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ABETHACT
'he work oontimues investigations on successful usage of
Memioal thermodynamies for orysbal lattice defects auch
vt dislocations, pores, dislooation  loops,  sto. At

prepent neither physical chemistry nor solid state Thysics
provide such theoretical models whioh can adsquately describs
‘we  dimlooation density in annealing orystals under the
il ffarent thermodiymamic conditicnz. The thecretical estimation
f mmoro defeot density proved te be effective while
tinouesing orystal phoysieal properties such aa atrength,
plastieity, frangibility, purface melding, The performed
mloulations allow to find out some interesting regularities
wpnoiated with pressurs and temperature effeciz cn defective
‘irnture of orystals as well as  fo et up a relation
lniween 8 orystal size and meero defees density.

KEYWORD
'he  equilibprium  density of dislocpations. The effect of

| rensure, temperaturs, crystal size on defeotive structure.
he surface melting, phase transiticns on cryatal surface.

GROUNDS .
nysical and chemical properties of crystals are of a
srant extent determined by compositlon and denaity of
facts  on material surface and in  1is' volume. The modern
‘heory allows to desorive the Dbshavior of point defecis

n urystal lattice: wvacancies, ‘nterastitial atoms, admixturs
\Loma. However, large defects of orystal lattice such ae
(sw]location loopa, pores, edge dielocations, grain boundaries
aid mta. are offen more 2ssential. Nelsher physicsal chemistry
wir #olid =sate physies are sapable nowadays to determine
shavior, mumber and ocmpositien ef these macro delects.

he  author of the work mansged H¢  propose s model
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providing an adequate description of m

for some partioular cases: ensembles of oi?gigageregﬁslggggigg
loops, straight edge dislocations (Fedoseev, 1989-1991)
spherical and faceted pores and gas bubbles at diftereni
temperatgrgs, hydrostatic pressures and orystal size. The
model eliminates discrepancy between experimental observétion
showing, that it is impossible to obtain sjngle stal ?
metals with dislocation density about 107 - 109}‘y o] g od
theory = of dislocation stating that in metal inm thgg—
modynamic equilibrium dislocations should not exist at all.

The idea, that dislocations can not exi i i
thermodynamic equilibrium is basezt ;ﬁ orgi::éio;?
works of Cottrell, Hirt and Lothe, Girifalko, Fridel and
ets'. This statement is a result of quantita%ive estimati
of dislocations equilibrium density Acoording to thgg
estimation the number of dislocation loops with padius 30 A
at room tempipgtgre should be equal to =» 10_‘;3 per om
or one equilibrium Ioop er si "
exceeding visible part o? the n%i?ve?ﬁﬁ???l’ with volune

For example, Lothe and Hirth (1972) do this  in i
way. Let the free energy of formation of oiroularthediéggéggigg
loop be equal to the difference between the internmal loo
energy and free energy of lattice vaocancy (the loop ocan bg
formed by collapse of this lattice vacancy). Total negleot of
dislocation entropy in this case ' is not correct be%ause -
configurational and orientation entropies of the loop and
the entropy connected with the existence of a great number of
parpltlons vacancy on several defects appears to be very bi
Besides, the value KT*In(C(0.5%Tmelding)/C(Tmelding)) + wWhooe
k - Boltzmann constant, T - temperature, C(T) - density of
vacances, is not @he chemical potential of vacancy under no
condition, _that is why the free energy of vacano i
calculated incorrectly. v e

The incorrect use of notions and principl isti

thermodynamlcs maKes . some authogs agjiztOf tiﬁ?tlgtlgié
corresponding quantitative estimation to the statement about
nonequilibrium" of dislocation. The eritical analysis t
these works 1lies beyond the scope <f this repor%. °

THERMODYNAMIC MODEL.

The proposed thermodynamic description of de i
[ : des 0 efect
structure 1is based on equilibrium chemical théﬁiod;ﬁi;igé
using methods of theory of dislocations (Fridel, Iothe and

Hirth). The basic concept of this a i

H y : . 0 pproach in
sequential desceription of maoro defects such as diszgigigonsa
pores and etc. in terms of  chemical thermodynamiOB:

equilibrium state of a crystal is determined b inimi i
of the Gibbs free-energy system having variab{e gﬁgﬁ?iiitlg?
components (pores, dislocation loops, etc.), number of whioh
changes due to evaporation and condensation of vacancies
coalescence and disscciation of large pores and disloocations.

The results in agreement with the experiments can be obtained,
if one uses the model suggested by the author. The basic
statements of the model which describe the thermo-
dynamioc equilibrium of defect structure of crystal are:

# Inaorystal with the sizes L * L * 1L , which contains
N~1L atoms the number of atoms does not depend on the
density of dislocation and does not change <for any
reconstruction of dislocation structure.

# Fach dislocation (pore and other defects) has individual
thermodynamic characteristics:

- the internal energy of formation

- the enthalpy of formation

- the entropy of formation

- the volume
- the stoichiometrical number of the defect. (It is the
number ©f atoms to be moved in ideal crystal lattice to Zform

the corresponding defect)

# The internal energy and enthalpy of crystal defect
structure are additive:

# The set of defeots is limited by the groups of defects with
the one-to-one dependence of internal energy on stoichio-
metrical number or - their superposition.

# Unexcited -and by formation of different vacancy type
defects excited atoms is indistinguishability, and their
position is 1in crystal lattice indefinable. Gibbs canonical
distribution describes the equilibrium distribution of  these
atoms on energy levels. This statement 1is inexact for
interstitial defects.

The first particular case. The group of circular dislocation
loops.
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The second particular pase., The

dislocaticn enaemble of straight edge

different temperatures, hydrestasic pressures and the grain
" . sizes have been made. It 1= ghown, that for low
density, sm | temperature the defects distribution have the unimcdal torm:
for the dspth about few hundreds interfzce distarnces
from the surface there 1s the layer with the inereased dsfecis

1oy

iﬂﬂﬂ-ity, E‘III._z

T, <P, cr e

| Ui :
(3 2 elding R |
Cuprum .l Ry T ) T sonesntration; the amount of defects decreases with the
T*T 1 approach to the surfaece or o the volume of the orystal.The
10 2 rice of thne temperature leads to the expanding of this layer
: 1054 Cuprum and to the rising of defects density with the displscement of
'1 the maximum of defects distribtusion to the surface. With
2 the further rTieing of tempsrature ths distribution have
the himodal form - there are fmao lzayera of defacts:
presurface layer and alsc wvery thin layer on the surface
of oryesal. The volume defects oomoentration in this second
£ ! layer iz higher and 1t iz sufficient high to be amorph
1054 1 i or Tludid. The surfase laysr and presurface layer are
= - 10% 4 i separated by the orystal region with che small defects
1 10 100 "D' i i . . " ! dengity. With the rising of the temperatuze the width of ths
depth, nm 1 10 107 10t : both layers increase, tne distance between layers dscrease ano
depth, nm | the defeots concentration  inorease. Xear the melting
{ temperature the defeets distributicn change the form again:
i tne bimodal distribution passse to the smocth  distributicn
The cther case consider ; 1 with the decreasing asymptotis of the defects density with
pores. In general pame nanegﬂﬂmﬂles ol spherical and faoet d ¥ the depth; both the layers are poineided. Thia transformation
g:!-f{&rent types defsots m*gr:g‘%eate% the desoription or tﬁe } are interpreted as the phass transition.
1elocatico & % tlon, for ina i
dielooation "loops <-> vacanaes, spherical pores ibo ceseis] | THERMODYNAMICS ESTIMATION OF DISLOCATION
i ? ed | DENSITY 1IN THE NEIGHECORHOOD OF ORACE.
<he rmaaultis o N 1 |
disetributicn n% d:%égtﬂaﬂtlm!:mﬂ describe the denait ; n a reduced thermodymamically conception basig 1z of
hydrostatic pressure a.EF:T ?m‘e at the different tampeymt Al at interest the disocussion of a sracks-dislosations
sorresponds to the =x]:rer{4: i }_EE grain aizes. This estimaga’ Yrnteraction. The second partioular ease show the squilibrium
in annealing materials —'3"“ al valuse of dislooaticn ,Emi'gn { defeative structure which are formed near by nrystal
erystal dislocation e.tan ¢ gZlves the same regularities ¥ ! aurface, The dislocations accumulation  decreases the Iree
distribution Dot Lsize hr'l;u ure. The fumoticn of aﬂf ': i energy of crystal. apparsntly the analogous sffect gxists nesr
zlastioity properties of & maximum, which determined b e?ha ’ bty orack facee In which structure formation processes
thermodynamio oenditio of orystal, the type or dEfEﬂ!‘hF a1 : san be formed in way different: conesniration of defects
maximum of diﬂtl“ibu{tl:g:hg .dislocation density rises arlg i Irom a volume; regrouping  atoms near wallsjdislocations
aize due to temperaturs o funetion displaces 1o the a{ll | emission from a crack and others. Thermodynamics thecry
pressure initiates tr I‘?{Eh-lg- The rising of ha?d-t'c:-a??: _ mllcw that partioular mechanisms tc pass by, It afflwms:
density. ¢ deoreasing of =mall sizes 4 Ea o the different prooesess totality must go to Iwe SMEPEY
efects decrease, to eguilibrium. In the squilibrium establishment
outoomes the formation the deferntive surface layer near
H e e : orack wallse. It modifies the wall surface properties:
THE DISLOCATION STRUCTURE OF THE SUHFACE ! "_.:laaticiti. density, microchardnesss, surfacs diffusicn, surface
Tﬁt. the second case it is ; | meltingt empmt‘m eto. The cppoelbe layers of
interpretation of 18 proposed  the ; 3 ; dislocaticons erface in the orack =dge =one. These
cryetal, wﬁig; lj ;Eg;slmfana‘ melting phenomena G;“?E‘:'d"fﬂ“i“ i disleogaticne have opposite Burgers vector. The ccllision of
0t the surfass Tnit_i‘:ﬂ the hypotheses of the ocomneot e ' opposite face defeots has in the resull or a annihilation
presurface layer f“'futh*ng i +w1:h the existence atﬂ tl?n { reaction, or a dielceation loops and dipoles formaticn.  Soms
the defects such as v € erystal the ineoreased densit e theoretical models of o¢rack edge behavior have Teatured
and 80 on. Tn  the Paﬁi”?? alusters, dislocations i of | dislocatlon arrays and plastic effect (Brook,1985;  Gao, 989
dynamica the oa] -“ulajvi 2 of the eguilibrium chemiga’l thgores | Ha,1990). The micro mechanizms have styggr;el.r_e-] ir: these work
lunotlcn of the Ee +1h Gt ﬁ'{ the distribution of ‘dei'e e ' are the particle cases going to the ecuilibrium ProOeESEE.
BH of the surface lagep f':’tﬂ DI Ha at.al. [1980} has studied the dis- location-Iree Zone
i or the (IFZ) the orack edge in bulk metallic single crystals. The
0F% exists after the atretehing and it ls not only the
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other stretching existed dislocation arrays. Some of these

works micro graphs (Ha,1990) show clearly opposite
cases: dislocation cluster ahead of the oraock edge and the
dislocation halo around cracks. Brook and Wu (1989)
have analyzed the = generation of edge and sorew

dislocations near the growing and stationary crack. In
particular, the crack edge stress can be relaxed, it is thus
in effect shielding it from applied loads. The observation can
show the evidence for that the dislocation generation prooess
decrease of free energy in crack zone.

The other interesting aspect is in that an internal stress
field of formed near orack walls defective layer gives a
contribution in total stress field. A role of the contribution
can be great in the case of crack evolution and fracture.
The showed 1in the second case result can be prognosticated
with some other propositions of crack walls. They are ‘he
melting temperature decrease; the amorphous subtle . 2r
formatlion; the temperature and hydrostatic pressure eff ot.
These phenomena were observed on free surface of single
ecrystals. (Thernov, 1987)
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