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Investigation of creep of Metals and Alloys. 6. Diffusion Creep
of Binpary Substitutional solid Solutions

carried ens (035 0.6 and 0.2 -~ 0.3 mm
diameter for cu-Ni, Au- i -5n alloys. rcspectively).
the loads applied in the case of -Ni alloys being

4.6 by 10 dynes/cm3 at 1000 and 900°C, and 12.2 X 10®
dYHGS/cm2 at 800°C. WO prevent the differenc¢ in the
grain gize of various test pieces affecting the data on
activation energy, the measurements at various
temperatures were taken on one and the same test piece;}
the first measurement at 1000°C, t 900 and
the last at goo’c. 1t was ensured, i is W that the
variation of 1 with temperature was ass 3
the variation of EDp- To obtain reliable

magnitude of activation energy: the mcasurements were
taken on specimens characterised by various initial
grain size. i the magnitude @ values of 1
obtained from the creep curve in the stcady crecp region
were used. The relationship lnn versus 1/T for the

50Au - 50Ni alloy is shown in Fig 7. The value of tue
activation energy determined from the slope of the curve
in Fig 7 and equal approximately 45 3 cal/mol, is
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shown in Fig 2 as @ full circle lying on the

theoretical curve. The data on viscosity of the Sn-Fb

gystem at 175 and 160°C are given in Table 3 (column 1 =
composition sn-Pb%; column 2 . T°C; column 3 - g (in
poises)). These data are reproduced graphicully in
rig 8. The experimental and calculatod values of 0
(at 160 and 175°¢C) and © (kcal/mol) for three Pb-5n
alloys are given in Table &. Detailed analysis of the
experimental resiults shows that the observed concentration
dependencies of 7 and O are satisfactorily described by
Eq (10) and (5). 1t is shown also on the example of
the Au-Ni nsystem that the value of the activation energy
in viscous flow can be determined bY three independent
methods: (a) from data on the coefficients of self-
diffusion of the components of the solution; (b} from
data on latent heats of fusion of the components of the
solution and on the value of the difference of the
displacement energy which can be found trom the
equilibrium diagram;(c) from data on the temperature

Card 9/12 dependence of the rate of viscous flow. in the last
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paragraph of the paper the author discusses the
possibility of inter«crystallinc adsorption during
diffusion crcep. 1t is stated that in every grain of
a polycrystalline specimen subjected to a crecp test
one has to differentiate between two grougs of grain
boundaries and that the continuous flow of vacancies
takes place from the boundaries of the type « on which
the tensile forces are acting to the boundariecs of the
type p (sec Fig 10, wherec the continuous, broken and
dotted lines jllustrate the flow of vacancies, atoms A
and atoms B, respectively). At a given temperature the
rate of flcw of vacancies is a function of the load
applied to the specimen. qﬁtomg A “99 B move 1in the
opposite direction since Jjb = JA *+ JIB where Jjbs JA and
jp are the flows of vacancies, atoms A and atoms B
respectively. gince in a general case DR#—- D+ the rate
of flow of atoms B will differ from that of the flow of
atoms A. consequently, this flow ot atoms induced by
Card10/12 externally applied loads results in change of
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Binary Substitutional Solid Solutions

concentration of atoms in the grain. If it is assumed
that D} ) Dg. the grain boundaries of type a should become
enriched in atoms in A and correspondingly, grain
boundaries of the type P should become enriched in atoms B.
This results in the formation of a concentration gradient
which is directed against the flow of atoms of the given
type. The magnitude of this gradient will increase with
the duration of the isothermal treatment under a given
load to a certain value (Ac)/N (A - characteristic linear
dimension of the order of the grain size), which should
be proportional to the load causing and maintaining this
gradient. The above considerations can be formulated in
the following manner:! in a polycrystalline specimen
subjected to a creep test there should take place
intercrystalline adsorption, non-homogeneous along the
grain surface, as a result of which the grain boundaries
of the type a will become enriched by that component of
the solution whose partial coefficient of self-diffusion
is higher due to the grain boundaries of the type p having
Card 11/12 become depleted of this component. There are 10 figures,
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4 tables and 23 references, 16 of which are Soviet and

7 English.
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Inveastigation of Creep of Metals and Alloys. 1,
(Issledovaniye kripa metallov i1 splavove .)

Fellure During piffusion Creep (k voprosu © razrushenii

pri diffuzionnom kripe)

PERIODICAL: Fizika metallov 1 metullovedeniye, vol 7, Nr 5, PP 742-T46

(USSR)

ABSTRACT: Thils article reports observations made in the metallographic

study of copper specimens which had either fractured in creep
tests or were at a stage preceding fracture. In order to
study changes ocourring in the vicinity of graln poundaries
copper wire specimens, & considerable length of which consisted
of single crystals { bamboo structure), were used. in speci-
mens of such a structure mutual blocking of neignbouring grains
during deformetion 1s practically impossible, end therefore
cnanges occurring in the grain boundary can Dbe observed in
their pure form. 1n order to obtain specimens with a bamboo
structure & copper wire (99.95%) of 0.5 mm dismeter was
alternately deformed in tension by 2«34 and annealed
at a temperature of 1000°C. The

SE 08/2?‘/3}(7)00 CIA-RDP86-00513R000514610011-
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required structure was obtained after 4 to 5 oyclea of such
treatment. Creep tests were carried out in & quartz apparatus
at 1000°C with the application of 8 specific load of

P = 10 kg/om®. 3}porimentu were carried out in a vacuum
of approximately 10°Y mm Hg. Two identical specimens were
simultaneously tested under jdentical conditions. When one
of the specimens had fractured, the seating of the second one,
which was in a state preceding fracture, vas discontinued.

The external appearance and miorostructure of the apecimen wvwaa
studled with a metallurgical microscope. Sections etched
with ammonium peraulphnto, and unetoched seotions, were studied.
In en inspection of wires whilch had undergone oreep testing the
fcllowing po

(s) The original smo oylindrical shape
hsd assumed a steplike shape after testing as & result of
neighbouring gralins slipping with respect to one another

along their grain boundaries;

() The grain boundaries exhibited porosity. The slipping
of neighvouring grains with respesot to each other is shown
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in Fig.l, in which the external appearance of separate portions
of the specimen is ghown, and in Fig.2, in whioch the oross-
seations of speclmens are ahown: in certain areas of the
microstrusture separate fine pores, or chains of pores, oan

be seen (msee Fig.3). This porosity may be the result of
coagulation of Yacanoies. In Fig.4 e nigrostruoture of the
glloy after annealing at 1000°G for 4 hours is ahown.

order tha% vaocancies 8 ate the presence of oxide
particles 1in the grain ential. The formation
of cosgulated vaceancles n as & result of

lerge macroscoplc pores ocai as haa been theoreti-
celly discussed by Pines {Ref.2) and Maohlin (Ref.3) where it
we.s pointed out that these phenomena lead to & shortening of
the specimen's life. Mirkin (Ref. that zones
directly adjoining the fracture ares of the specimen exhibit
lower microhardness. The suthors explaln this by

mont of the indicated %gno by vacancies. The apg

porosity in the graln undaries as well as the 8
grains relative to each other lesd to an increase
speoifioc load, and this accelerates the failure of the specimen.
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Card There are 4 figures and 9 references, of which 5 are Soviet, and
L/l 4 English
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AUTHORS: Gpggzin, Ya. Ye. and Ovcharenko, N.N.

TITLE: Relief of Metallic Powders g4

PERIODICAL: Fizika metallov i metallovedeniye, 1959, Vol 8, Nr 1,
pp 38-44 (USSR)

ABSTRACT: The experiments described were undertaken to study the

surface condition of sintered metal powder objects,

especially the details of pore form to supplement
Geguzin's earlier work (Ref 6) on spheroidization.
Conditions in the bulk of a copper-powder object during
sintering were simulated by polishing one surface and
wrapping in copper foil (to expose it to a copper vapour
at the constant exgerimental temperature). Annealing was
carried out at 10~° mm Hg, mean particle size (of
electrolytic copper) was about 50 p and initial porosity
was 35«40%, After the annealing the polished surface was
studied under type MIM-6 and MIM-3 microscopes. It was
found that the polished surface becomes covered with
"macroscopic" irregularities about 100w apart (Figs 1
and 2). Each of these jrregularities contains the

Card 1/3 gtep-like npnatural” roughness (step size about 0.5 uiJ//’
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by the authors (Refs 1,3) which,
after prolonged annealing generally (Fig 3) but not
always (Fig 5) have equiponderant shapes. At some
points of the surface a pore is bounded by several
particles (Fig 6). Because pore spheroidization is
combined with formation of natural roughness, the
equilibrium pore shape is octahedral. To check their
previous conclusions (Ref 3) on the role of evaporation
and condensation in the production of natural roughness
further experiments were undertaken, In these identical
specimens obtained by compressing copper powders were
annealed in their own vapour at 750, 800, 870 and 930°C,
with periodic interruption to permit examination of the
surface. The time required to produce a given degree
of natural roughness at the different temperatures was
found. The natural logarithm of this time was found to
increase linearly with increasing value of the inverse
of the annealing temperature (Fig 8). The valug of the
heat of evaporation found from this was 80 x 107 cal/mol.
This is close to the heat of vaporization of copper and
confirms the importance of vaporization phenomena in

Relief of Metallic Powders
previously described

Card 2/3
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"patural roughness' formation.

There are 8 figures and 10 references, 6 of which are
Soviet, 3 German and 1 English.

ASSOCIATION: Khar ‘kovskiy gosudarstvennyy universitet imeni
A, M, Gor 'kogo (Khar 'kov State University imeni A.M.Gor'kgl)

SUBMITTED: April 5, 1958 /
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AUTHORS: _Geguzin, Ya.Yg,, and Ovcharenko, N.X.

z 1] t, ]
TITLE: Investigation of the Reasons gor the‘lefus}on ]?efizt Yy
* ) of Crystalline SolidsjContaining Dl:‘-t.ovtlon.:'é,n ‘e
vintering of otals of G-‘il\{zmic origin According &
Experimental HResults with kodels

i Vol 8, 1999, Wr 9,
CAL: Fizika metallov 1 metallovedeniye, 3
PERIODIGAY pp 714-720 (USSR)

< 13 ch
ABSTRACT: In this article results of experj?a?tqfafg itvﬁgiiﬁ g?i
a porous solid was modelled by a 3ct g § gp Ware by
galvanic origin, i.e. wires made by b 9-°31equith s
which "active" powders are made. Experiments Lth st
mndéls represent the next step on the féxﬂfiomthe condy
of wire models with an undistorted th‘ng"?UﬁOd 3uud
of the actual powder objects, It can be §a¥l;6nal
experiments with such models may p“oduge 3’d.;‘redAand
jpformation on the ressons for the lnerease api
special kinetics of volume contraction ol pjw gre
pressings. Copper wires of galvanic nrlﬁi?'??ut of
Card obtained in a continucus plating h?th, th? 'éj;0~70 " M/
1/6 which i3 shown in Fig 1. Ap nnqon,ud ?ir‘dﬁi ;1 AL
diameter was placed coaxlally with a cyllndric L

o o
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SOV/L06=A b L2/ 25
Investigation of the Reasons for the Piffusion "Agtig}ty" of
Crystalline Solids containing Distortions. {1 - 2n Sintering of
Metals of Galvanic Origin According to Experimental Results with
Models olactrode, and the wire coald be moved at 2 givon rata
alang the electrode axis, A layer of galvanie copper
was depnsited on the wire, and the thickness of the
nepcslb was controlled hy vuaTylng the currant den31§y or
tho speed at which the wire was mcved, A U-tuba, filled
with water, was attached to the end ¢ the bath for
washing the filament. A wire of unifovin thickness conld
be obtained ualy when the copper w14 deposibed on a
moving wire. Bxperiments with deposition cn a stationary
wire have shown that the latter, duc to 3 tall in
potential along its leneth, becomel conical, The au?hors
used an acid solution under the following ccnditions?
I = SA/dm2, Tate of motlon Vv =3 X 10-2 em/sec. The
wire thus ohtained was sized by drawing through a diamond
tie, the diameter of which was approximately 7 u less
Card than that of the wire. As the result, small 1rregu1ar§-
2/6 ties on the wire surface were ironad out. The sPecimena
were prepared by a method used before by Geach et al an
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50V /126-8-5-12/29
Investigation of the Reasons for thoe Diffusion "Activity" of
Crystalline 3olids containing Distortions. 11 - On Sintering of
Metals of Galvanic Origin hecording to Experimental Results with
¥odels
ilexander et al (Refs 7 and 8). Tho wire was wound in
several layers on a copper reel of 3 mm diamnter.
linding was carricd out on 2 specizl device in which
contact betircen tho coils could be controlled by moans
of a microscope (a load of anproximatoly 1CC 3 sugpended
from the wire during coilinrs ensured rerular close
contact between the coils).  This method was used for
the preparation of specimens of 4xalvanic® and ordinary
wires. The main experiments Wore earricd out on wvires of
120 n diasneter, Diffusion ~nnaaling was carried out in
vacuum at 790, 870 and 162G o, ‘The annealed reels were
pressed into AST-1 plastic material, which polymerizaes ab
3¢ ©C, lletallographic sectlons were prepared from
diameter sections of the reol,. Tha structure was
inspacted after repeated polishing and etching with a
solution of ammonium persulphate in ammonia. Results
obtained in three series of isothermal annealing ara
shown in Figs 2a-B and 3a-Z. 71z 4% shows the cross-
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Investigation of tho laasons for the Diffusion Wietivity” of
Crystalline 5o0lids containing Distortions. J1 - On Sintering of
Fetals of Galvanic Origin According to ixperinmental Results with
}odels
section of the wire aflter annenling at 750 ©C for ey
hours (X 500), ®igs 5, 6 and 7 show tha cross-soctions
of wire coils after annealing at 1020 ©¢ for various
lenzths of time (Mg 5 - ordimry vires, figs 6 and 7 -
wires of "ecombined” spocimens). The authors have gained
information about the temperatura depandence of the
offective celf-diffusion coafficient relntionship batween

ordinary copper Do and grlvanic coppel Dy (£ = D1/Do)
By using the experimental value of X, at three
disferent temperatures, and knowing the activation energy
of the process of gelf-diffusion of coppser in an
equilibrium lattice (7o) (Ref 8), the value of \ = SIVALY
can be estimated, where Q} is the activation energl

g

of tho sintering proces3d O clvanic wires, 4 tabla en
paze 718 shows values of 7 and » for different
temperatures, The relationship between chords which ,
form at the boundary between two wiros of galvanic origin
Y44, one wire of galvanic and one of ordinary origin Yio
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§0V/126-8-5-12/29
Investigation of the Reasons for the Diffusion mactivity" of
Crystalline Bolids containing Distortions. 11 - On Sintering of
Metals of Galvanic Origin According to BExperimental Results with
Models '
and two ordinary wires Yoo has
mathematically. The authors conc
galvanic origin become fused to each other considerably
faster than ordinary wires. The approach of galvanic
wires to equilibrium is accompanied by a coarsening of
the diffusion pores which are situated mainly along the
grain boundaries. Fusion of wires of the same metals to
each other possessing'different'diffusion activities 1s
considered. Experiments on combined specimens
consisting of galvanic and ordinary wires showed that
the experimentally observed chords agree 1n mag
with those predicted on the basis of the diffusion
Card mechanism of high-temperature sintering.
5/6 There are 7 figures, 1 table and 10 references, of which
6 are Soviet, 3 Bnglish and 1 International.

ASSOCIATIONs Khar!kovskly gosudarstvennyy universitet imeni Lx’
A.Y. Gor'kogo; Nauchno-issledovatel'skiy institut
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SUBMITTED: Pebruary 16, 1959

Card 6/6

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000514610011-2"



"APPROVED F :
D ORRELEASE 708/23/2000 CIA-RDP86-00513R000514610011-2

. ) L mvTaRs

24 (4)

AUTHORS: Aronova, P. Fey Geguzin, Ya. Ye. sov/32-25-5-37/56
Marenko, N. No
TITLE: On X-ray Photography at Low Temperatures (o rentgenografi-

rovanii pri nizkikh temperaturakh)
PERIODICAL: Zavodakaya Laboratoriya, 1959, Vol 25, Nr 5, p 618 (USSR)

ABSTRACT: In the present jnvestigation the standard X-ray camera RKD
(Fig) was used for taking radiograms at temperatures of liquid
nitrogen or OXygens The adjusting arrangement and the micro-

scope stago were exchanged for a plexiglass cylinder (fastened
with the adhesive BP-2). A Dewar vessel is then put into the
cylinder, and the liquid nitrogen is filled 1-.to the vessel.
In contrast with another type of construction (Ref 1) the
sample-is in the present case in direct contact with 1iquid
nitrogenj this method permits also the {nvestigation of materi~
als of very low neat conductivity. The camera modified in such
a way is guccessfully used for the purpose of investigating
crystal lattice deformations in rock salt and metal powders.’

Card 1/2
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There are 1 fiéure and 1 Soviet reference.
ASSOCIATION: Khartkovskiy gosudarstvennyy pedagogicheskiy institut i

Khar'kovskiy gosudarstvennyy universitet (Khar'kov State
Pedagogical Ingtitute and Khar'kov State University)
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AUTHOR: W 50V /20-124-5-23/62
TITLE: On the Diffusion Activity of a vetal of Calvanic Origin

(0 diffuzionnoy aktivnosti metalla gal 'vanicheskogo prois -

khozhdeniya)
PERIODICAL: ?okln%y Akademii nauk SSSE, 1959, Vol 124,Nr 5 PP 1045--1048
USSR

ABSTRACT: The following paper describes some experimental results ob-
tained and deals with the possible causes of the increased
diffusion activity of galvanically produced petals., Investi-

gation of this problem may contribute towards explaining the
details of sintering in connection with the preasing of
ngctive" powders. The shrinking of porous pressed specinens
of "active" powders under isothermal conditions takes place
at a decreasing rate. According to present opinions, this is
a consequence of the reduction of the self-diffusion coeffi-
cient with a decrease of distortions, and thus a conseguence
of the decrease of the diffusion activity of powder granules
in the case of jsothermal annealing. In order to obtain data
concerning the cause of increased diffusion activity and its

Card 1/4 reduction, the author carried out aintering tests on nodels
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On the Diffunion Activity of a Motal of Calvanic 30?/20»124‘5-95/62
Origin

consisting of galvanically produced wires. These wires were
produced by the dopositing of copper from an acid bath onto
a thin copper base (50-70 p). The author carried out simul-
taneous investigations of three different types of samples
made from a% a galvanically produced wire, b) from ordinary
wire, and ¢ combined samples, 1.e. with alternating layers
of galvanic and ordinary wire. The sumples were annealed at
temperatures 750, 870, and 1,020°. Two figures show typical
gtructures. In %he course of the investigation of micro-
structures the following qualitative observations were nade:
1) The galvanically produced samples are sintered more
rapidly than the ordinary ones. 2) The average linear dinmen-
sions of pores formed during the annealing of gelvanically
produced wires increase with progressing time. The visible
pores are in this case distributed among the clements of
macrostructure. 3) The metal of the coating recrystallizes
more slowly then the metal of the base, and therefore the
structural individuality of the coating and of the base 1is
conserved up to more advanced stages of the sintering process.
Card 2/4 The diffusion activity in the range of various temperatures
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may be due to various causes. At temperatures at which micro-
distortions vanish, surplus vacancies accumulate in the lattice,
and the existence of these vacancies increases the gelf-dif-
fusion coefficient. These vacancies err about in the lattice,
accumulate in the various impurities, and form a very highly
developed network of surface and macroscopic pores. At high
temperatures, at which the microdistortions of the lattice
have practically already vanished, the increased value of the
self-diffusion coefficient may be duc to the following

causes: Ap a result of the existence of a developed network

of free surfaces in the metal, surface diffusion makes &
noticeable contribution to the experimentally observable dif-
fusion ourrent. It is by this that the increased degree of
efficiency of self-diffusion near melting point may be ex-
plained. In the case of diffusion of surplus vacancies on the
boundaries of the elements of micro- and macrostructures there
is yet another cause for increased diffusion activity, vig.
the existence of a very highly developed network of free
surfaces. Diffusion along this surface makes a noticeable

Card 3/4
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contribution to the experimentally observable diffusion
current. The author thanks N. N. Ovcharenko for his as-

gistance in metallographical work. There are 1 table and
17 references. 14 cf which are soviet.
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AUTHORS: Geguzin: Ya.Ye. and Ovcharenkg,
TITLE: on the nIntrinsic Roughness" of a Polycrystal

PERIODICAL: Izvestiya Akademii nauk SSSR, Ootdeleniye t ekhnicheskikh
nauk, Metallurgiya i toplivo, 1960, Nr 3, PP 8 - 52 (USSR)

ABSTRACT: It is a generally known fact that a polished surface of a
po].ycrystal specimen, annealed at clovated temperatures,
to be flat owing to the appearance O
standing out in relief.
sly by the present

non has been gtudied previou
authors (Refs 2-6), who have arrived at the conclusion
that this effect is associated with the anisotropy of the
coefficient of surface tension and who, consequently, have
coined a term jntrinsic roughness' to describe roughness
due to high-temperature annealing. L.B. Erlikh, who had
also studied this effect, has recently published a paper
(Ref 17) in which he postulates that roughening of a
palished surface of a polycrystal during high-temperature
annealing is 2 result of the deformation of a thin surface
layer, which is caused by compressive stresses, set up

in the surface layer owing to its temperature being higher

Cardl/3
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on the "Intrinsic Roughness" of a Polycry§¥21/8383
than that of the interior of the specimen. The present
authors reject these nypotheses and describe the results
of saeveral recent experiments which give additional
support to their own theory. Thus, when a piecce of copper
foil, folded to form a hollow sphere, was vacuum-unnoaled,
it was the inside surface that became rough (Figure 1),
whereas according to Erlikhts theory, this effect should
be confined to the outside surface. oAguin. when a single
crystal of NaCl was annealed at 750 C in an atmosphere
of its own vapours, the (100) plane remained smooth, whereas
roughening of the artificially produced (150) plane took
place (Figures 2b and a, rospectively). a similar effect
having bocen observed on single germanium crystals (Ref 14).Lr//
Examination of recrystallized copper specimens, heated
under conditions promoting the onset of "intrinsic
roughness", showed that side by side with roughened grains
(Figure 3b) or twins (Figure 3a) thore were grains or twins
whose surface remained flat; these results cannot be
attributed to the deformation of the surface layer due to
card2/3 the presence of a temperature gradient. Lastly, polished
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specimens of polycrystalline copper were heated at a
constant rate of heating to various temperaturesj the
polished surface became rough at temperatures higher than
800 °C, whereas at lower temperatures, slight roughening
of the surface occurred only after prolonged treatment.
Theso observations disprove Erlikh's hypothesis on the part
played by the temperature gradient in the phenomenon urider
consideration, since under the conditions of heating by
radiation, the temperature gradient decreases with rising
temparature of the specimen, reaching zero when the

specimen reaches the furnace temperature. The experimental
results described above, combined with theoretical
considerations leave, in the opinion of the present authors,
no doubt that anisotropy of the surface tension coefficients
plays a predominant part in the onset of "intrinsic
roughness". There are 5 figures and 19 references, 15 of
which are Soviet and % English.

ASSOCIATION: Khar'kovskiy gosudarstvennyy universitet Nauchno-
issledovatel'skiy institut khimi pri KhGU (Khar'kov State
University - Chemical Research Institut)

SUBMITTED: December 3, 1959
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Investigation of Cerépin Physical Phenomena Occurring

Kinetics of
the Surface of

1960, Vol 9, Nr 3,

TITLE!:
at Hi h Tem eraturd"n the surface of Crystalline

Substances. iv. Analytical Study of the
ngelf-Healing" of Artificial Defects on
Solid Bodies

PERIODICAL: Fizika metallov 1 metallovedeniye,
pp 379-384 (USSR)

ABSTRACT: when single crystals or polycrystalline substances are

maintained

occuyr which lead to a decrease
The object of the investigation,
expressions describing

paper was to derive

at elevated temperatures,

physical changes

in the free surface energye.
described in the present
the kinetics

of the process of "self-healing" (levelling) of artificial

surface defects, in

of this problem would assist in

of the abovementioned phenomena.
defect whose geometry is illustrated in

carried

the belief that analytical solution

the experimental studies
The calculations were

Pig 1, this shape having been chosen owing to its
simplicity and also because

Card 1/9
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Investigation of Certain Physical Phenomena Occurring at High
Temperature on the Surface of Crystalline Substances. 1V. Analytical
Study of the Kinetics of ngelf-Healing" of Artificial Defects on the
surface of Solid Bodies

experimentally. In the case of crystalline bodies,

threo mechanisms of the process of ngelf-healing" can

be distinguished: diffusion, surface diffusion
and transfer of the material by the vapour phase
(re-condeneation). Although these three mechanisms
operate simultaneously, each of them was analyzed
separately by the present authors in order to establish
the conditions under which a given mechanism plays the
predominant part. The relative contribution of the
volume and surface diffusion can be assessed from the
first principles of the theory of diffusion (Ref 3 and 6).
For a given magnitude of the gra determining the
diffusion flux, the ratio between the volume and surface
diffusion fluxes (Jvi ) is, in the case under
consideration, given (Ref 3,5) by €= DyL/Dg b+

wherei L - width of the scratchy O - thickness of the
layer in which surface diffusion takes place; its q///
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Investigation of Certain Physical Phenomena Occurring at High
Temperature on the surface of Crystalline Substances. IV. Analytical
Study of the Kinetics of ngelf-Healing" of Artificial Defects on the
surface of Solid Bodies

magnitude is of the order of the lattice parameter at
temperatures near the melting point. If L o 10’“ cm,
s = 10-7 cm, Dy/Ds =~ 10-6 cm2/sec, then ¢ = 10-3,
je the volume diffusion flux is small in comparison with
the surface diffusion. Although, in the case of large
scratches (L = 10-1 to 10-5 cm), this conclusion may not
be correct, the problem under consideration was analyzed
under the assumption that only surface diffusion and
re-condensation play a significant part in the process of
levelling of a surface scratch., The factor which, in the
case of both mechanisms, stimulates ngelf-healing" is the
existence of a chemical potential gradient along the line
joining the flat surface of the crystal with the centre
(root) of the crack (Ref 3,5). The kinetics of the
procoss of ngelf-healin ack are described
by differential equations derived by Mullins (Ref 3) for
card 3/9 the process of formation of a symmetrical groove between W/
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two adjacent grains in a polycrystalline specimen,

Eq (1) relates to the re-condensation mechanism,

Eq (&) to the mechanism of surface diffusion, the
constants A and B being given by Eq (3) and (4)
respoctively, wheres P - equilibrium vapour pressurej

vV - volume occupied by one atom in the crystal lattice;

m - atomic mass; n - surface atom density; Dg - surface
diffusion coefficient; k - Boltzman constant;

T - absolute temperaturej 0 - surface tension coefficient
assumed to be isotropicy & - interatomic distance
(lattice parameter). The solution of Eq (1) for the case
of scratch illustrated in Fig 1, obtained for the

starting and 1imiting cond:tions given by Eq (5), takes
the form given by Eq (6). Since, under experimental
conditions, it is easiest to determine the variation of
the depth h of the scratch, an expression for h at al/

card 4/9 given moment was obtained from Eq (6); this expression
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Study of the Kinetics of"Self-Healing" of Artificial Defects on the
surface of Solid Bodies

is reproduced as Eq (7), where T = 4At/Q2 represents
dimensionless time. The relationship between h(t)/hg
and Tt 1is represented by curve b in Fig 2. When T 1is
large, the relationship described by Eq (7) becomes
asymptotic and is given by Eq (7a). Since at v =1,
h/hg = 1/2, the half-time of the ngelf-healing" process
can he obtained from the formula given as Eq (8). It is
pointed out in this connection that if the half-time

?
t1/2 is determined experimentally and if the vapour

pressure of the investigated substance is known, it is

possible to calculate the surface tension coefficient

from the formula given as Eq (9). With the aid of Eq (6),
it is possible to construct curves, rapresenting the shape
of the scratch at various T. Curves of this type,

Card 5/9 constructed for the re-condensation mechanism, are q/
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Pig 3. The soluti
of "self-healing" of
the mechanism of sur
the starting and lim
in Eq (10). The general solution
from which a formula (Eq (12) ),
of the depth h of the scratﬁh
in this formula § = 168t/
time, For TH>L, @ (%)
of an asymptotic function,
it will be seen that the depth o
time, according to h~ t-1/%,
represents the relationship h/ho
h/h, = 1/2, the half-time of the
(taking place by the mechanism of
be calculated from Eq (13). From
formula for the surface diffusion

reproduced in
the kinetics
in Fig 1, by
obtained for

w
r
can be

£

ccurring at High
atances, 1IV. Analytical
tificial Defects on the

on of Eq (2) describing
the crack, illustrated

face diffusion was

jting conditions, given
is given by Eq (11)

describing the variation
ith time, was derived;

epresents dimensionless
determined with the aid

given as Eq {12a), from which

the scratch varies with
Curve &

- ‘9(!)0

in Fig 2

since at § = 1
ngelf-healing" process

surface diffusion) can

Eq (4) and (13) a

coefficient can be

4

s
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Investigation of Certain Physical Phenomena Occurring at High

Temperature on the
study of the Kinetics of
Surface of Solid Bodies

ngelf-Healing" of

derived in the form given by E
experimental data on "self-hea

Surface of Crystalline Substances.

q (14).

ling" of surface defects

1V. Analytical
Artificial pefects on the

Thus,

by the mechanism of surface diffusion can be used for

determining the coefficient of
Graphs, showing the varying of
in time, are reproduced in Fig

relative parts played by these

investigated process, they can

the ratio ¥y

processes, which is given by Eq (15).
Y depends, to a large extent,

that
scratch § , which means that
mechanism,

its final stages. This is due

width of the scratch increases,
transfer of the material by the

card 7/9 path, whereas the rate of

insignificant in the
wgelf-healing" process, may pla

surface self-diffusion.
the profile of the scratch
4, Regarding the

two mechanisms in the

be assessed by considering

of the half-times of the "self-healing"

It will be seen
on the width of the
the re-condensation

initial stages of the
y the predominant part in
to the fact that as the
so does the diffusion
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Study of the Kinetics of ngelf-Healing" of Artificial Defects on the
Surface of Solid Bodies

vapour phase is independent of the distance.
Unfortunately, in the absence of data on Dsy

no qualitative assessment of the magnitude of ¥ can

be made. However, there is no doubt that as the
temperature of the substance approaches its melting
point, the part played by the re-condensation process
becomes larger since both Po and Dg increase
exponentially with rising temperature and the heat of
evaporation is always larger than the activation energy
of surface self-diffusion. The present authors
calculated the approximate value of y for several
metals characterized by low vapour pressure. To simplify
the calculations, it was assumed that the surface
diffusion coefficients are jsotropic and that the
crystal lattice in the vicinity of the scratch is in the
state of equilibrium. je free from micro-defects.

Card 8/9  Taking Ds = Tockte 10-5 cm2/sec, n ¥ 1015 em=Z, u/
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Surface of Solid Bodies

and 1 X 10-% c¢m, the following values of y were
obtained for copper, silver, gold and nickel:

yCu = 10“‘; YAg > 10-3; yAu ~ 10-6, yNi1 = 10-3.
There are 4 figures and 8 references, 6 of which are
Soviet and 2 English.

ASSOCIATION:Khar'kovskiy gosudarstvennyy universitet
Khar 'kovskiy filial IRYeA (Khar'kov State University
—~— Khar 'kov Branch of IRYeA)
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Investigation of Reasons for Diffusio%l*ié%ééfty" of Crystalline
Bodies with Distortions . Reasons for the Diffusion MActivity"
of Mctals with Macroscopic Structural Het erogeneities

atomic vacancies nor reduction in the varriers for their
movement c¢an explain the observed facts. lle goas on to
consider the role of the network of boundaries and cracks
between the macro- and microstruc ents and micro-
¢racks. Although systematic data on diffusion coefficients
along boundaries are not available, there are sufficient
so compare the solid, boundary and surface diffusion
coefficient for some metals (table). Some direct evidence
on the important role of boundaries, etc. is available
(e.g. Refs 15~20, 22, 25  Similar evidence is
provided also by work on the influence of pressure on poly-
crystalline bodies (Refs 25-28). On the basis of these
views and a gsimplified model in which undisturbed lattice
alternates with flat gaps® (comb-ltke structure) the author
provides semiquantitative estimations of the contribution
of boundary and surface di1ffusion to the observead diffusion
flow. Ho estimates the rate of "healing® by diffusion of
card2/3 an isolated pore and examines the role of boundaries and
¢
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¢racks in the sintering ot a cylindrical pore and shows that
Kuszinsky's (Ref 24) views on this are incorrect. He
esmphasises that the 1deas presented in the present article
provide no support for the view (Ref 21) that the volume
shrinkage of povders during sintering i3 due mainly to tha
d1ffusional movement of material along particle surfaces.
Thero are 1 toble and 40 references, 25 of which are

Soviet, 7 Bnglish. 2 German and 6 international.

ASSOCIATION: Khar ‘kovskiy gosudarstvennyy unitversitet ime.
A.M. Gor'‘kogo (Khar:kov State University imeni A.M.
Gor‘kiy)
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Geguzin, Ya.Ye.., Kovalev, G.N. and Ratner, A.M.

Investigation of Certain Physical Prpcesses Taking
Place on the Surface of Crxstallin odiec at High
Temperature. VI. Method of Determining Coefficients

of Surface Self- and Het ero-diffusion in
Crystalline Bodies \g/

Fizika metallov it metallovedeniye, 1960, Vol.10,
aithors point out that comparatively Little information

is available on diffusion on surfaces. They describe thelr work

a method for determining the surface-diffusion

coefficient and the thickness of the layer in which such diffusion

occurs. The latter h
indicated by calculations where Fisher
In their method many plates (about 100 microns thick) are made
into a pack, along one polished surface of which (perpendicular

to the plates) a radioactive isotope of the diffusing element ij(/

as been found to be thicker (Ref.3) than
1s model (Ref.l) was used.

deposited (Fig.la). There is little direct contact between
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plates. piffusion occurs both

within a plate and
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Place on the
VI. Method

along its gap-

adjacent surfaces, and also from the jatter into the plate: a

characteristic distribution i3 obtail

equations developed by the authors,
coefficients can be calculated,
(Fig.2); graphical methods can
calculation. The authors go on
gagseous djiffusion, showing that
gap this cannot be significant:
by the square

coefficient and the life of an atom on the wall surface.

ned(?ig.lb). From this, with
the self-~ and hetero-diffusion

using a simplified representation

be used (Figs.3 and 4) for

to discuss the possible role of
with their size
the critical gap width is given

root of the product of the surface-diffusion

of interplate

This

conclusion was verified by a special series of experiments in

which iron strips were arranged

with a layer of F059.
strips (Fig.5).

Two sizes of gap
Radioactivity of the plates was determined,

between two plates, one covered

were arranged between

v
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Investigation of Certain Physical Processes Taking Place on the
Surface of Crystalline Bodies at High Temperature. VI. Method
of Determining Coefficients of Surface Self- and Hetero-diffusion
in Crystalline Bodies

excluding surface diffusion, after annealing at 680 °C. The
authors report preliminary determinations of surface self-

diffusion in alpha iron. Armco-iron strips 9 x 10~> cm thick,

3 x ].0-'l cm wide, were studied by the pack technique, diffusion
annealing being effected in oxygen-free argon at 550, 600, 640,
650 and 680 °C. Fig.6 shows an autoradiograph of a specimen and
Fig.7a the distribution of radioactivity with distance from
specimen edge. Fig. 7b gives plots of functions derived from
Fig.7a. Data relating to surface diffusion in alpha-iron are
tabulated and the logarithm of the surface-diffusion coefficient
is shown (Fig.8) to be linearly related to the reciprocal of
absolute temperature. The surface-adjacent layer in which
surface diffusion takes place was found to be several hundred
atom layers thick: no explanation is available of the existence

Card 3/4
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S/126/60/010/01/005/019
E111/E335
Investigation of Certain Physical Processes Taking Place on the
Surface of Crystalline Bodies at High Temperature. VI. Method
of Determining Coefficients of Surface Self- and Hetero-diffusicn
in Crystalline Bodies

and temperature stability of such a layer.
There are 8 figures, 1 table and 16 references: 11 Soviet
and 5 Bnglish.

ASSOCIATIONS: Khar'kovskiy gosudarstvennyy universitet im.
A.M. Gor'kogo (Khar'kov State University im.

A.M. GQ“'BI!!-

Ukrainskiy institut metallov (Ukrainian
Institute of Metals,

Khar 'kovskiy filial IREA (Khar'kov Branch of
IREA)

SUBMITTED: January 25, 1960

Card 4/

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000514610011-2"



"APPROVED FQR RELEASE: 08/23/2000 CIA-RDP86-00513R000514610011-2

SAGES A

D

2

. 67911
QY Yoo
24(2)r 5/020/60/130/03/015/065
AUTHORS: G°§§Zin! Ya. Ye.z B014/8014
aren 0!‘- Ne Ny
TITLE: Self-healing of Defects on the 3urface of Crystalline

Bodies at High Tenporsiives
PERIODICAL: Doklady Akademii nauk SSSR,1960, Vol 130, Nr 3,
pp 537 - 540 (USSR)

AB3TRACT: The authors first discuss experiments made by P,I, Lukirskiy
(Ref 1) which showed that spontaneous processes ooccurring on
the surface of crystalline bodies at high temperatures lead
to a decrease in surface energy. The present paper is intended
to study the decrcase in surface energy in the leveling of a
surface with mucroscopic defects, The defects are healed by
volume diffusion, surface diffusion, or gubstance transport by
the guseous phuse. It is noted that volume diffusion is
negligible in this case, According to equation (1), the self-
diffusion coefficient of the surface is determined from the
leveling rate. The surface tension of the solid phase is
cnlculated from equation (2), The anisotropy of surface tension

is not taken into amccount by the above-mentioned formulas. The
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Self-healing of Defects on the Surface of $/020 60/130/03/015/065
Crystalline 30dies at High Temporatures B014/B014

"half-lives of healing" were compared to one another according
to (3) in order to determine the relative part played by the
two mechanisms in healing. For crystals with high vapor
pressure, especially for ijon crystals, the substance transport
by the gaseous phase is deacribed to be predominant in healing.
This was confirmed by experiments on the healing of scratohes
of rock-salt crystals, Text, the authors describe experiments
on high-temperature laveling which were made with copper free
of oxygen. Annealing was carried out in a vicuum, protective
argon~- or hydrogen atmosphere at 600°C, 70000,850°C, and 950 C.
An interferometer wous used for ob:servations. The diffunion
coefficients de*tcrmined from the jeveling kinetics arTe
consistent with those mentioned in publications. In view of the
fact that a smooth profile of the scratch developed in healing,
the aunthors assumed thut the surfuce was covered with 3 thin
amorphous layer. They arrived at this conclusion because of
similar results obtained for glass. This is, however; inconsist nt
with electron diffraction studies carried out in experinents
with metals, In this connection the so-called Bayley luyer 1o
Card 7/} mentioned, It is ussumed that this behavier results from a thin,

APPROVED FOR RELEASE: 08/23/2000

CIA-RDP86-00513R000514610011-2"



"APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000514610011-2

67911

Self-healing of Defects on the Surface of 3/020/60/130/03/015/065
Crystalline Bodies at High Temperatures BO14/B014

hyperfine surface layer whose elements are strongly deoriented,
‘Accordingly, the coefficient of surface tension gseems to be
anisotropic, The resistivity of the thin layer to recrystalliza-
tion apparently consists in a partial disconnection of the
structural elements, which is caused either by condensates on
the surface of the gtructural olements or by oxide layers,
There are 2 figures and 12 references, 8 of which are Soviet,

ASSOCIATION: Institut khimii prf?Khur'kovakom gosudarstvennom universitete
im, A.M, Gor'kogo (Ingtitute of Chemistry at Khar'kov State
University imeni A, M, Gor'kiy) ‘}/

PRESENTED: October 8, 1959, by P.A. Rebinder, Academician

SUBMITTED: September 28, 1959
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AUTHOR: Geguzin, YaL“Zg;_,,
R

TITLE: The Influence of Pressure on the Coalescence Process and the
Healing of Microporosity in Crystals

PERIODICAL:  Doklady Akademii nauk SSSR, 1960, Vol. 135, No. 4, pp. 829-832

TEXT: The influence of a universal pressure on the coalescence and healing
of micropores caused by plastic deformation wes investigated. In the first
part, some estimates of this i{nfluence are given on the basis of the

following equations:

AP . _ P - _Qﬁjl .
ir fr i i &r §o(1+ kT ) u/
-
P . § exp(-PR/kT)
ﬁf‘ denotus the vacancy excess of the defective surface with a radius r if
a pressure P is applied to the crystali Ir and § are the vacancy concen-

trations near the defective gurface or far away from 1it; 50 is the vacancy
concentration in the crystal w%1thout pressurej G is the surface tension;
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rhe Influence of Pressure on the Coslescence S/O20/60/155/004/017/057
Process and the Healing of Microporosity in B0O19/BOT7
Crystals

and §2 is the volume of a vacandy. The change of vacancy concentration under
pressure is considered to be caused by the change of the pore radius. An
effective radius T = r/(1+aP) is formed, with &-r/26 There is a critical
pore radius above which the pores start to grow by decreasing excess
vacancies or other pores. The oritical pore radius is given by

T* = (SO/A§)2FﬁVkT. The relation between the critical radii under pressure

and without pressure is given by T* = rt/(1-pP) with p = ro/26. From these y//
estimates it follows that the healing og micropores is very pressure-depen- _.
dent. Experiments h single crystals of sodium chloride and polycrystal-
1ine copper showed that the estimates and conclusions were correct. Single
crystals of sodium chloride subjected to plastic deformation lost their
transparency. Annealing under normal atmospheric pressure at 5000C brought
pack their transparency after 30 minutes. Annealing at 575° and 650°C under
pressures of up to 50 atm accelerated this process considerably. The Cu
specimen was annealed at 1000°C and pressurized up to 50 atm. Here agsin

a coalescence of the pores and a collecting recrystallization wes observed

in the metallographic specimens. These results are explained by the fact
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Process and the Healing of Microporosity in B019/B077
Crystals

that the portion of the diffusion coefficient which is determined by the
diffusion of the surface is larger in bodies with microcracks. Estimates
showed that this portion outweighs the portion of volume diffusion by a
factor of three. I. M, Lifshits, V. V. Slezov, and L. M. Polyakov are
mentioned. N. N. Ovcharenko and L. N. Paritskaya are thanked for their I/

help in the experiments. There are 4 figures and B8 references. s

ASSOCIATION: Khar'kovskiy gosudarstvennyy universitet im. A. M. Gor'kogo
(Khar'kov State University imeni A. M. Gor'kiy)

PRESZNTED: June 27, 1960, by P. A. Rebinder, Academician

SUBMITTED: June 20, 1960
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94 1500 10557 158 116 B102/3212 /

AUTHORS: Geguzin, Ya. Ye. and Polyakov, L. M.

5 TS

TITLE:: Investigations in the field of cryastal ceramics. Il. The
effect of a uniform pressure on the healing kinetics of
macro-defects in ion crystals

PERIODICAL: Fizika tverdogo tela, v. 3, no. 2, 1961, 520-527

TEZXT: The prescnt paper is a continuation of Ref. 13 (Geguzin anc V. I,
Startsev, Kristallografiys, 5, 2, 1960) and brings results of an experi-
mental and theoretical investigation which has been performed to study
the influence of uniform pressure on the healing of defects (coalescence
of poren uand micro-cracksg oecurring during plastic deformation of NaCl-
crystals. Samples measuring 5 ¢ 6 + 15 am (natural rock salt) have
been heated to 650°C for two days and after that cooled down slowiy.
Samples without any defects have been selected for the test. In order
to woduse micro-defects (of one magnitude smaller than the wavelength of
visible light) in these samples they have been deformed with an exponential-
ly increasing load. An increase of light scattering could be obsarved
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Investigations in the field... 5/181/61/005/002/027/050
B102/B212

during the deformation process. The mean loade applied (d) varied be-
tween 1250 and 1350 g/mm2. Then, the degormed gamples have been exposed
to heat treatment in an autoclave (60 cm } under uniform pressure (argon).
After this, the light gscattering has been studied at room temperature
ueing an ultramicroscope. Several test series have been performed, in
order tg obtain useful results (isothermal treatment at 400, 500, 600,

and 700°C at 1-50 atm, during 1 = 30 min). The results are shown in

Fig. 1: 1 = (10-1b)/(

temperatures; where io {g the intensity of the 1ight scattered in the
crystal, in i{s that after crystal deformation, ib is the intensity of

in-ib) as function of pressurc at four different

the background. The time dependence (v) of the 1ight transmittance of
crystal at p = const, T = const (500°C, 1, 30, and 70 atm) has been
investigated in another test series. The results are shown in Fig. 2.
The temperature dependence 1(t) at & constant hgating rate (10°/mzn)
has been studied also for 1 and 30 atm. At 100°C a noticeable healing
process can be observed. The results may be interpreted in terms of the
diffusion theory. At given test conditions and a given value of the

relative supersaturation of a crystal having the vacancies (AS/)F) there
card 2/5
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is a critical defect dimension r', at which defects larger than r*
coagulate at the expense of those smaller than rt. r’ is given by
. 26WA§kT, where Sp is the orystal volume per atom. It can be
expected that a uniform pressure promotes this coalescence, i.e., heals

small pores. The excess vacancy concentration Air near the surface of a

Aff_ - §r - ip, where 18 the vacancy concentration near the pore

pore with a radius T (under the influence of preasure p) is given by \)/

surface, i that far from the pore. These two concentrations are de-

termined by fr - (1 + ), f - £ exp(-p@/kT). The change of

r
Agr’ 1¢ a pressure is applied, may also be expressed by the change of the

pore radius (r is substituted by T): E,d ]g 1+ % -52- - exp(-p$2/kT).
T

For pQ/kT < 1, T = x‘/(1 + ap), where a = r/20; analogously, the following
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expression is valid for the critical dimensions if pressure is applied:
r’ - r;/(1-—np), where p = r*/20. 1t is shown that experiments can be well

described with these formulas. The experiments also show that under
othervise equal conditions the same healing effects (observed via light
transmittance) may be obtained by either raising the temperature or the
pressure, I. M., Lifshits and V. V. Slezov are mentioned. There are )(

4 figures and 13 references: 12 Soviet-bloc.
ASSOCIATION: Khar'kovskiy filial IRYeA Fiziko-tekhnicheskiy institut

AN SSSR Khar'kov (Khar'kev Branch ~f TRYeA, Institute
of Physical Technology AS USSH, Khar'kov)

SUBMITTED:  May 30, 1960
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Investigation of certain processes on the surface of single crystals.
Part 3. Kristallografiia 6 no.2:239-243 Mr-Ap ‘61,

(MIRA 14:9)

1. Khar'kovskiy gosudarstvennyy universitet im, A M.Gor'kogo
(Surfaces, Deformations of) (Rock salt crystals)
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GEGUZIN, Ya,Ye,; OVCHARENKO, N.M.
Investigating certain physical processes occurring on the surface
of crystals at high temperatures. Part 7: Role of viscous flow

in smoothing out roughnesses on the surface of a solid. Fiz,
met, 1 metalloved. 11 no. 5:1807-809 My '6l. (MIRA 14:5)

1, Institut khimii pri Khar'kovekom gosudarstvemnom universitets,
(Surfaces (Technology)) (Viascosity)
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Investigation of certain ces E193/E480

deformation, The object of the bresent inveatigation was to
obtain additional data which would help 1n formulating an
explanation of these effects, To this end the change of the profile
of scratches on the surface of Loth electrolytically deposited and
cast, prolycrystalline copper was studied, The scratches were made
with the aid of a diamond pyramid indenter with an angle of 136°
between opposite faces, The tes:s were .arrjed out in hydrogen, on
Specimens wrapped up in coppe: foil to minimize the effect of
volatilization, An interferometer wWas used lo keep track of the
changes in the profile of the sirtatihes, In the first series of
éxperiments specimens of “opper ele:trudeposfted at a current
density of 0,5 and 10 amp/4m2, and 4 cast -opper specimen (turned,
ground and polished) were studied, Upon holding at 9s50°¢c,
Scratches of all these three specimens levelled up, The rates of
levelling of scratzhes on copper elecirodeposited at 10 amp/dm?2

and on the cast specimen with the surface daformed by machining,
were about the same and faster than that of the scratzh made on
copper, electrodeposited at 0.5 amp/dm?2, In the second series of
experiments, similar Bpecimens were used which, however, had been
given a four-hour anneal at 950°C before inscribing the scratches,

CIA-RDP86-00513R000514610011-2"
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scratches during subsequent heating for all three specimens, The
rate of -ulf-hoaling of the scratch on topper electrodeposited at

10 amp/dm remained

lower current density, Since the density of electrodeposited

metal decreases (in the case of thin deposits) with the distance

from the first deposited layar, the object of the next series of
experiments wasg to study the behaviour of scratches inscribed on the
surface of copper electrodeposited to a thitkness of 0.5, 1, 2 and

3 u on annealed, copper atrip cathodes, It was found that the

thicker the deposit the faster was the rate at which the scratch
levelled up on subsequent heating, Finally, it was found that

(other factors being equal) the rate of levelling up of scratches
inscribed on electrodeposited copper depended on the direction of

the scratch relative to the direction of the current during
electrodeposition. The resulty obtained are discussed in terms of ///
the effect of Struztural defects on the self-diffusion mechanism of
levelling up of the surface 52rat-has, It 1s postulated that the
éxperimental fac:a may be explained jr Lt 1s assumed that side by

side with surface diffusion, subsurface diffusion takes place in a
Card 3/4
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r than the Interatomic distance of
file of the Siratch remained

results of the estigation are in agreement with
Obtained since by J.M.Blakely and H,Mykura (Ref,7: y 1961,
9, No,1, 21), There are 9 figures and 7 references: 5 Soviet and
2 non-Soviet, The two references to En

read as follows; Moore AJ.W., Acta met

Blakely J.M. and Mykura H, Acta Met,

ASSOCIATION: 'kovskiy gosuniversitet
GU Khar 'kov State University)

SUBMITTED;
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AUTHORS: Geguzin, Ya,Ye, and Paritskaya, L.N.
_aeguzin, ‘a,:10,

-

TITLE: ‘Recrystallization in polycrystals with macroscopic
pores

PERIODICAL: Fizika metallov i metallovedeniye, v.12, no.6, 1961,
900-907

TEXT: The influence of pores on recrystallization is of
practical interest since components made by powder-metallurgical
means often contain pores. Pores can also form during the

process of creep of metals and alloys. The retarding influence
of pores on the movement of grain boundaries is first discussed
from a theoretical point of view, Results are then given of
experiments carried out on porous brass from which the zinc had
been partially removed at a high temperature, and on polycrystallin:
copper in which pores had been introduced by thermal cycling.

The retarcdation of grain boundary movement by pores during
recrystallization is shown by microphotographs of c-brass, The
poresmevent the movement of the grain boundary in their immediate
vicinity causing the grain boundary to become bent. The
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experiments on copper were more complete, Recrystallization of
porous copper was carried out in an argon atmosphere. A polished
surface was observed during recrystallization and microphotographs
were taken at various stages. It is shown that the boundaries
which are thickly populated with pores are extremely stable and

do not migrate over long periods of time, The migrating
boundaries are locked at pores and thus become bent. The
observations agree with the theoretical expectation that, from
energy considerations, a pore should be situated in a grain
boundary and not within a grain, The effect of pressure was also
studied, using samples of porous copper, the pores of which were
mainly in the grain boundaries. Annealing was carried out in a
water-cooled autoclave at a maximum pressure of 100 atm produced
by argon., Under these conditions the number of pores decreased,
and the average grain size increased with increase in pressure,
There are 5 figures and 14 references: 9 Soviet-bloc and 5 non-
Soviet-bloc. The four latest English-language references read as
follows: Ref.2: Burke J.Trans, AIMME, 1949, 180, 73 Ref.3: Beck P._,
Holzworth M., Sperry P. Ibid, 163: Ref.,7: Mullin W. W, J.Appl.Phys.,
1957, 28, 333; Ref,B8: Greenough A.P, Nazure, 1950, 166, 904,
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ASSOCIATION: Khar'kovskiy gosudarstvennyy universitet im,
A, M, Gor'kogo ’
(Khar'kov State University imeni A. M. Gor'kiy)

SUBMITTED; March 20, 1961
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AUTHORS: Gaguzin, Ya. Ye., Ovcharenko. .. N.. 7 p.-itskaya, L. Ne

TITLE: Interactions between yvacancies and grain bounduries
PERIODICAL: Akademiya nauk SSSR. Doklady, v. 141, no. 3, 1961, 603 - 606

TEXT: When studying the physical properties of polycrystals at high tempera-
tures where the mobility of atoms and vacancies is very high, the inter-
action between vacancies and grain boundaries plays an important role. The
authors investigated the grain boundaries as locations of prevalent con-
densation of excess vacancies and the formation of macroscopic pores and
grain boundaries as preferred places for the discharge of excess vacancies
from the boundaries of the polycrystal. It is assumed that pores located at
grain boundaries will consist of two semi-pores. The profile of such pores
is determincd by the mutual orientation of grains and by the surface energy.
The existence of surface energy between grains will change the equilibrium.
conditions along fracture lines of the pore profile, and this will cause
pores to move along the boundaries (Fig. 1). To estimate the angular change
of the fracture line of the pore profile, the relation clk - 26;(003& -CcOB0X
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is introduced, where 6‘; denotes the surface energy at the boundary. The

E
author finds the relation «* 2F° (A - 1n26*), where the po:nt angle of the
o

pore is zero, and obtains o*a20 - 30°. Here, E, - Co/4t(1 -v);
A = 41 - v)Bk/sz, where G denotes the shear modulus, b the Burgers vector
Vv Poisson's ratic, Bk the dislocation energy of a nucleus. This represen-

tation explains why grain boundaries partly free of pores car be observed in
metallic polycrystals. The formation of grooves along grain boundaries at
the crystallization boundary is ascribed to excess vacancies in polyecrystals,
which are due to various causes. The effect of the pores on the formation
of grooves between grains is attributed to a coalescence process of the
pores. This assumption is corroborated by various experimental data on the
bulk distribution of grooves. There are 4 figures and 7 refarences: 4
Soviet and 3 non-Soviet. The two references to English-language publicatiom
read as follows: W. T. Read, W. Shochley, Phys. Rev., 78, no. 3 (1950);

W. W. Mullins, J. Appl. Phys., 28, no. 3 (1957).
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ASSOCIATION: Institut khimii Khar'kovskopo gotwierztvennaogo universiteta
im. A. M. Gor'kogo (Institute of Chumistry of Khar'kov State
University imeni A. M. Gor'kiy)

PRESENTED: June; 20, 1961, by P. A. Rebinder, Academician

SUBMITTED: June 12, 1961
Legend to Fig. 11 (a) Diagram of the change of the pore profile under the

influence of an intermediate-phase surface energy; (b) pore located
symmetrically to the boundary; (c) pore located asymmetrically.

Fig. 1
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181510

AUTHORS: Geguzin,

Ya, Ye., and Paritskaya, L. N.

Effect of expansion of a localized porous zone in a crystal-

TITLE:
1ine body

PERIODICAL: Akademiya nauk ggsR. Doklady, v. 141, no. 4, 1961, 835 - 839

TEXT: The authors theoretically and experimentally investigated the
expansion of a porous zone in a metal when heated. The object under

observation was & crystalline body consisting of a porous and 8 compact
The process of coalescence was

part, the latter surrounding the former.
accompanied by a diffuse expansion of the porous zone xith the internal
energy of the system decreasing and its entropy jpereasing. From the

thermodynamical standpoint this process was similar to the expansion of
an ideal gas into the vacuum. It is theoretically described on the

basis of formulas for the diffusion of vacancies (B. Ya. Pines, ZhETF,
16, 1, 1946) . In the porous zone, the concentration of vacancies is
higher than the equilibrium concentrationso,rwnce a vacancy flux will be

card 1/3
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observed through the interface between porous and nonporous zone, which

£-8o, o}

1 — - gﬂ--—. -
is given by J¥ =D "% Dai? T (o - coefficient of surface ten

T
sion, f1 - volume of an atom, D Dyo - diffusion coefficients of

vacancies and atoms, respectively, T - mean radius of the pores). New
pores are sormed on the vacancies diffused and, therefore, this process
equals a shift of the interface into the compact zone. This effect
differs from the diffusion effects which occur at the interface of two
different metals as a result of the variety of the partial diffusion
scoefficients (Kirkendall effect, Frenkel' effect). A series of experi-
ments were carried out to verify the theoretical resulsss Cylindrical
samples of an initial porosity of 15% were molded from copper powder
(grain size~508). They were annealed and, at the same time, partial
sintering took place. Subsequently, they were molded in small copper
tubes with the press plunger also consisting of copper, and the porous
copper cylinder was entirely surrounded by nonporous metal. Then, the
samples were subjected to heat treatment at two different temperatures

Card 2/3
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and different holding times and, finally, the radial dis<ributions of
pores were examined metallographically. It became obvious that the
pores primarily diffused into the nonporous metal along the grain
boundaries, and that chains of pores were formed. After 50 hr holding at
106000, the copper jacket became completely porous. There are 4 figures
and 8 references:s 6 Soviet and 2 non-Soviet. The two references to
English-language publications read as follows: R. Resnik, L. Seigle,

J. of Met. 9, No. 1 (1957); A. Smigelskas, E, Kirkendall, Trans. AIME,

T. P. 2071 (1946).

ASSOCIATION: Khar'kovskiy gosudarstvennyy universitet im. A, M, Gort
kogo (Khar'kov State University imeni A.M. Cor'kiy)

PRESENTED: June 20, 1961, by P. A. Rebinder, Academician

SUBNITTED: June 16, 1961
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PHASE I BOOK EXPLOITATION +/ ~ sov/6339

’

Geguzin XEEBX,Islnnyzuinh,

Makroskopicheskiye defekty v metallakh (Macroscopic Defects in
Metals) Moscow, Metallurgizdat, 1962. 252 P- Errata slip

inserted. 5450 coples printed.

Ed.: A. K. Natanson; Ed. of Publishing House: Ye. N. Berlin;
mech. Ed.: L. V. Dobuzhinskaya.

|

PURPOSE: This book is intended for scientific and engineering

personnel of metallurgical and machine-building plants and

scientific research institutes. It may also be useful O -
students of schools of higher technical education specializ-

ing in the field of physics of solids.

COVERAGE:" The book reviews theoretical and experimental studies
of the mechanism and kinetics of processes taking place at
high temperatures in metals with macrodefects (scratches,
ridges, cracks, pores, etc.). Important characteristics of
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metals, such as heat resistance and rupture strength,

are discussed. The author thanks S. Z. Bokshteyn, M. A.
Krivogzlaz, I. V. Smushkov, I. M. Lifshitz, and A. K. Natan-
son £or their comments and assistance. There are 358 ref-
erenc2s: 218 Soviet and 140 non-Soviet.

TABLE OF CONTENTS:
Foreword
Introducblon

Ch, I, Vacant 3ites in the Crystal Iattice
1, Vacancies in the crystal lattice
2. Supersaturation of the lattice by vacancies

Ch. IXI. Roughness of the Surface of Crystalline Solids
3. Single crystal with equilibrium shape
4, Microroughness of crystal faces
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E073/E335
AUTHORS : Goguzin, Ya.Ye. and Shpunt, A.A.

TITLE: Producing thin crystalline scintillating plates
by the high-temperature forming method

PERIODICAL: Pribory i. tekhnika eksperimenta, no. 1, 1962,
59 - 60

TEXT: In solving problems relating to spectroscopy of

elenentary particles the necessity arises of using very thin
scintillating single crystals. The production of such thin '
films from massive single crystals by grinding involves %(/’
considerable difficulties. The authors produced such films

by hot-forming small pieces of csI(T1) single crystalg in a .

press mould between two parallel plates at 500 - 600 C. A

load of about 0.5 tons was used for producing a 50 - 60 p thick,

2 cm2 f£ilm. The resulting films were optically transparent and
did not suffer nageing" which had been observed for thin plates
produced by pressing~finely-disperse-powders. The energy :
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resolutions of a typical series of thin CsI(Tl) film l8btained
in investigations with a-particles, E ='5.3 MeV (Po ), were
as follows:

No. ' /.° 1 2 - 3 4 5 6 7 8 9 10

Film thickness, § 100 80 100 80 110 100 120 90 90 90 ,///
-
Energy resolution,

96 802 8 703 702 603 508 6 7 6 702.

The above data indicate that plastic deformation of a CsI(T1)
single crystal at an elevated temperature does not impoverish
its scintillating properties and that the films are suitable for
use as scintillators. There is 1 tabloe.

“Abstracter's note: this is a slightly abridged translation.!

ASSOCIATION: Vsesoyuznyy nauchno-issledovatel!skiy institut
Card 2/2 monokristallov (All-Union Sciontific Research
Institute for Single Crystals)

SUBMITTED; May 20, 1961
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AUTHORS ¢ Geguzin, Ya.Ye,, and Ovcharenko, N.N.

TITLE s Microscopic pycnometry of solids with microcavities
FERIODICAL: Poroshkovaya metallurgiya, no.5, 1962, 15-19

TEXT It is observed that instead of using the experimentally
difficult and occasionally ambiguous method of low scattering of
X-rays in determining the volume of discontinuities (cavities) A
where

A = 1 - pren (1)

Oxray

it is possible, when A is small, to use ordinary metallographic
method as long as the samples are subjected to high temperature V/
annealing prior to metallographic observation. The annealing

causes diffusional coalescence of the cavities which increases the
average cavity size. With cubic lattices, and certain other
reservations it is possible to connect the pycnometric and X-ray
porosity and the number of thermal treatment cycles (n) with the

energy of vacancies formation Uo viz:

card 1/ 2
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‘ ®pycn
U, =-KT log [% ( - ) (5)
xray

Using copper it was found that for n = 50 (with tempering from
650 "C), the number of porez N22.5 x 100 cm=3, the average size
of pores L =2,7 -3 x 10°* cm, i.e. = 0.999925 exray

‘Microscopic Pycnometry of solids ...

pycn

-and U, = 20 -~ 22 kcal/mol. The above method is particularly
suitable in studying the formation of friable electrolytic v/
-

deposits and in other cases where there are small discrepancies

between and ?xray‘ There are 1 figure and 7 tables.

®pycn
ASSOCIATION: Khar'kovskiy ordena Trudovogo Krasnogo Znameni
gosudarstvennyy universitet im, A;M. Gor'kogo
(Khar'kov Order of the Red Banner of Labour, State
University imeni A.M. Gor'kiy)

SUBMITTED: February 5, 1962
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AUTHORS @ ,V_(j-_gguzin,,_x:..!_o,.,. Paritskaya, L.N.

TITLE! On the diffusion coalescence of pores in cryatallino
bodies with a boundary network

PERIODICAL: poroshkovaya metallurgiys, no.5 , 1962, 20-25

Coalescence of pores was studied in polycryatala,of

r and of cast copper after first subjecting the

100 cycles of heat treatment, quenching crom 650°C in

cold water. Specimens of porous copper (10 x 6 x 2 mmJ)) were

annealed in 8 vacuo at 900, 1000 and 1050°C for various periods

up to 27 hours. Then, the size diatribution of pores was studied
metallogruphically in arbitrary cross-aection f the specimens.

For this purpose after each anncaling.trentme £ about ‘/
0.5 mm thick was mechanica _
specimen; according to contr oval

has no distorting effect on the distr pores. The effect

of & poundaries on of pores was studied by

determi ! £ the average size of pores both

in the interior © d t the grain poundaries. Those
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experiments were conducted on specimens given a preliminary
stablilizing treatment as a result of which the total length of the
grain boundaries recmained practically constant during the
experiments. The average size and the rate of growth of pores

at the grain boundaries were somewhat greater than those of pores
inside the grain boundaries, In addition, the time-dependence of
the total length of the grain boundaries in unstabilized specimens
was also determined, Jt is shown that at an early stage of
annealing there is interaction between the boundaries and the pores;
the stage of detachment of the boundaries from the pores is

followed by a stage of transfer of a part of the pores to the
boundaries which in time become stable, The experimentally
observed coalescence of pores in its advanced stage can be
described by thelbgnetic law_previously established for single

crystals: R =Xt (where R - mean pore size, t - time).

In regions rich in pores, coalescence may not be accompanied by
sintering ~ a decrease of the total volume of pores, taking place
with the aid of the diffusion mechanism, There are 7 figures,

Card 2/3
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ASSOCIATION: Khar'kovskiy ordena Trudovogo Krasnogo Znameni
gosudarstvennyy universitet im. A. M. Gor'kogo
(Khar 'kov Order of the Red Banner of Labour,
State University imeni A.M. Gor'kiy)

SUBMITTED: February 5, 1962
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'_GRQQQZ[J! s Jo.Ye,; LIFSHITS, I.M.
Mechanism and kinetivs of "healing" an iscleted pore in a
crystalline body. Fiz, tver. tela 4 no.5:1326-1333 My '62,
(MIRA 15:5)
1. Khar‘kovekiy gosudarstvennyy universitet imeni A M.
Qortkogo.
(Diffusion)
(Crystal lattices)
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AUTHORS: Geguzin, Ya. Ye., and N. N. Ovcharenko, N. N,
—‘__—____.__—-—-——-—-—“‘

e

TITLEs T Kinetics of thermal etching at interfaces of annealing twins
. in gold and copper :

PERIODICAL: Fizika tverdogo tela, v. 4, no. 11, 1962, 3110 - 3116

TEAT: The kinetics of the development of "thermal-etching grooves" along ><~
the lines where the interfaces between coherent annealing twins and parent U
grains intersect the free grain surfaces were investiga<ed experimentally.

A theory for this process has been developed by W. W. Mullins (J. of Appl.
Phys. 28, 3, 1957); see also J. of Appl. Phys. 22, 448, 19513 Phil. Nag.,
6, 61, 957, 19613 Acta Metallurgica, 5, no. 6, 346, 1957) and Kristallo-
grafiya, 6, no. 1, 1961, The theory for the formation of symmetrical
grooves is mentioned (ﬂ' -ﬁ" -ﬁ;sé -6 - G‘;). Anisotropy of O7 is

taken into account, and G; -2 (%sinﬂ -B«B/gp[ coa‘&) {see Fig, 1). The

_results obtained by Mullins are used to calculate the rate at which a
groove is deepened at the interface of twins

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000514610011-2"



"APPRO‘.IEP,,F(,),R REITEASE: 08/23/2000 CIA-RDP86-00513R000514610011-2

PRSP

U

- S/181/62/00L/011/012/049
Kinetics of -thermal ... - B102/B104

— D 1,va '/a 9" ‘53
";‘: 10 ‘(——;T—'—’r) ” ’ )
’
where Ds is the surface diffusion coefficient, fl- 85.?13 the lattice
constant, V ~ 1/52 (surface density). Eq.(5) is valid for small angles of £7(

. In general, grooves of various depths are formed along the lines
where the interfaces of twins intersect the surfaces of the samples. If
Jh - h2-h1 and aasuming.cos{!’-‘ﬂ the following expression is obtained

— _l_d’c s
=y 531" (7).

—on'l_ nD,;s,9
. 1==28 -.2-—7:?.—;
xperiments were made on very pure gold and copper samples. The shapes of
the profiles were measured with an M4 (MI1-4) microinterferometer. The
annealing twins either were found to be symmetrical, i.e. the profile
showed notches only, or they were antisymmetrical, i.e. the profile showed
notches and cusps alternating. Such formations were observed in gold as
well as in copper. Most of the investigations made with antisymmetrical
twins were made with gold annealed at 950 C. The value for %;/m amoun ted

Card 2/3
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to 64 ergé;cmz, where 8% = 1.410° erg/cmz, 5‘- 4.07'10-8cm. D -4.10-y/lcc
and T-950°C. The effeclive boundary energy Ty . G‘i’ + 2’96;/&%00/3 with

cosp::-1 was found to be 6‘; = 148 erg/cmz, 62 -c‘i-? 190’8,9/3 =~ 20 erg/cnz and
Gi/G; 20.C14, which agrees well with values from other authors, There are

7 figures. . ' \//

ASS0CIATION: Khar'kovskiy gosudarstvennyy universitet im, A, M, Gor'kogo -
(Khar'kov State University imeni A. . Gor'kiy)

SUBMITTED:  June 12, 1962 S|
6

'Fig. 1. Schematic drawing of the
forces acting on a notch or cusp.
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AUTHORS 1 Gegusin, Ya. Ye., and Ovcharenko, N. M.
N

TITLE: " The anisotropy of the coefficients of surface diffusion of
metals

PERIODICAL: Fizika tverdogo tela, V. 4, no. 11, 1962, 3117 - 3123

TEXTs A study {e made of the influence which natural rugosities on the
gurface of crystals exert on the anisotropy of the coefficients D, of sur-

face diffusion. Da'uaa obtained from the amopthening. due to diffusion at

900°C, of the wedge-shaped gcratch produced on the surface of polycrystalum
samples of Cu, Fe and Au. To prevent the. g being affected by
e’ by oxygen the pamples were ¥ g of the same

ma ealed in an atmosphere of dry hydrogen. The depth h of the
. wedge-shaped scratches was determined by an interferometric method.

h
h = -‘—1}-‘_‘5‘-, where «h1 is the interferometer depth of the soratch, 4 the

distance between the snterference lines and A the wavelength. The scratch
card 1/3
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intersects the steps of the"grain surface in the. different grains of the
polycrystal under different -angles. Depending on the zutual positions of
the scratch and the steps, the scratch has different depths for different
times of annealing. The data show that the value of the self diffusion
coefficient D, along the steps of the crystals exceeds that of the

coefficient | perpendicular to the steps (Fig. 7) by 1.5 orders of

magnitude. As a first possible cause of the difference, the relation
between D, and the coefficients D1 and D2 of the two surfaces formed by

the step is discussed. The existence of potential traps which increase the
activation energy of diffusion in the corresponding direction is given as
the second possible cause of the difference. For further clarification,
the temperature dependence of D, and Dy 4s to be studied. There are

7 figures, '

ASSOCIATION: Khar'kovskiy gosudarstvennyy universitet im. A. M. Gor'kogo
(Khar'kov State University imeni A. N. Gor'kiy)

SUBXITTED: June 12, 1962
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E132/E435

AUTHORS ¢ Eﬂ§3§1§' Ya.Ye., Koryakina, V.V,, Kharitonova, L.S.

TITLE: “Studies of proccsses on the surfaces of single crystals
IV. High temperature processes on the surfaces of
arbitrary scctions of ionic crystals

PERIODICAL: Kristallografiya, V.7, no.6, 1962, 903-909

TEXT : Planes not naturally occurring were cut,by sawing followed
by polishing, on single crystals of NaCl, KCl and LiF, They were
cut corresponding to the plancs (120), (130), (140), (150) and
(180). Initially the planes were flat to the limits of the
resolving power of the microinterferometric method. The specimens
then underwent thermal trcatment during which, their surfaces were
examined by the microinterferometer at intervals and the structure
of the reliof was determined. In the first series, specimens of
NaCl werc annealed in quartz ampules. At 780 and 750°C some loss
of weight was observad. Asymmotric steps appcared having one
large flat side and one stoeper stepped escarpment, These were
called the simple and complex slopes respectively. With time the
character of the steps changed non-monotonically being sometimes

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000514610011-2"
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diffuse and sometimes coarser, Five such alternations were
observed for (120)-cut NacCl before a final shape resulted in
6°35' which is close to the angle of
0.5 which the (100) plane makes with the plane cut.
st is the surfaco energy of the initial surface then
. 8t = 84 + 8, (ss is the surface energy of the simple slope and
. 8¢ .that of the complex slope). It has been shown that
(iBt/8c = cos B where B is the angle of the complex slope. This
~ratio was plotted against time for each cut, In a second series
% heating took place in an isothermal enclosure where material which
‘ evaporated did not return to the surface. No diffuse stages were
observed even for 50 hours of annealing, A further series checked
that the transport of material occurred through the gas phase by
noting the slowing which occurred when annealing was carried out
under 80 atm of argon, There are 8 figures and 2 tables,

ASSOCIATION: Khar'kovskiy gosudarstvennyy universitet,Vseaoyuznyy
institut monokristallov (Khar ‘kov State University,
All-Union Institute for Single Crystals)

SUBMITTED: December 28, 1961
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AUTHORS : Ratner, A.M. and Geguzin, Ya.Ye.

TITLE: Study of the origin of diffusion activity of
crystalline bodies with defects. VI. On the
effective diffusion coefficient in polycrystalline
bodies
PERIODICAL: Fizika metallov i metallovedeniye, Ve 13, no. 2,
1962, 214 - 218

TEXT: the true diffusion coefficient
should depend f a network providing
paths of easy diffusion displacemen t also on the V/

presence of individual macroscopic defects such as pores and
cracks. The authors discuss in the present paper the diffusion
of matter (in the special case - a tracer isotope) in poly-
crystalline bodies with a developed network of intergrain
separation boundaries. It is assumed for simplicity that the
diffusion coefficient along these boundaries Ds is indepeondent

of the structural properties of the boundaries. Since this
Card 1/3 '
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coefficient is assumed to be considerably greater than the
body-dif'fusion coefficient Dv , the material diffuses mainly

along the boundaries and only "] eaks through" into the grains.
Two limiting cases are examined, namely, 2§>> { anda ALK,
vhere 1 is a characteristic linear dimension of a grain and
A is the depth of penetration of the material into the body of
the grain during a particular experiment. Expressions are
derived for the effective diffusion coefficient of the poly-
crystalline body in terms of the statistical properties of the

distribution of the above boundaries and the coefficient Ds .

An estimate is also made of the upper 1limit for the linear
dimensions of a pore or crack, for which the effective
diffusion ‘coefficient remains unaffected.

There are 3 figures.

Card 2/5
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ASSOCIATION: Vsesoyuznyy institut monokristallov i
. stsintillyatorov, Khar'kovskiy gosuniversitet
(All-Union Institute of Single Crystals and
Scintillators, Khar'kov State University)

SUBMITTED: March 27, 1961

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000514610011-2"



"APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000514610011-2

SN

S$/126/62/013/004/03.5/022
! E111/E435

AUTHORS Geguzin, Ya,Ye.,, Paritskaya, L.,N,

TITLE: Inter-grain channels on the surface of a polycrystal

with macroscopic defects in the structure (in porous
bodies)

PERIODICAL: Fizika metallov i metallovedeniye, v.13, no.4, 1962,
591-598

TEXT: In defective-structure bodies the effects lecading to
normal formation at high temperatures of channels along grain

boundaries can be intensified, With porous bodies the process

can be complicated by the diffusion of vacancies from pores to the
specimen surface along the grain boundaries. Modern views are

that boundaries play a very important part in the compacting of ///
porous bodies and suggest that sintering is accompanied by ) 4

-

intensive development of inter-grain channels. This effect of
pores can also be considered as being a pore-coalescence efféct,
The object of the present work was to check the correctness of
thoso viows and to confirm them qualitatively, thereby obtaining
additional information on the peculiarities of diffusion processes
Card 1/2 )
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in bodies with macroscopic defects (particularly in powder
compacts). The interferometric method was used to study
qualitatively the kinetics of inter-granular channel

devcelopment on copper specimens with various pore-type defects.
Specimens wrapped in copper foil were annealed in hydrogen at
goo°c. For an evaluation of the kinetics the authors extend the
treatment of W,W.Mullins (J. Appl. Phys., v.28, no.3, 1957) to
Forous bodies, taking into account the additional diffusion of

vacancies from pores. They show that the effective diffusion
coefficient for the process is 20 to 30 times grcater than the
coefficient of surface diffusion: this is in line with other
oLbservations, such as the disappearance of surface scratches,
Sintering can be explained in terms of surface channel development
(through the arrival of vacancies) and disappearance. There are
7 figures.

ASSOCIATION: Khar'kovskiy gosudarstvennyy universitet
Institut khimii KhGU (Khar'kov State University
Chemistry Institute KhGU)

SUCMITTED: July 17, -1961
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APHORS Ceguzin, Ya. Ye., Ovcharenko, fti. N.
TITLE: Sufface energy and processed on the surfuce of solids

PERIODICAL: Uspekhi fizicheskikh nauk, V. 16, no. 2, 1962, 28% - 320

TEXT: This is a survey on progress achieved in the investigation of
processes taking place on the surface of single solids which are in
equilibrium with their own vapors. The survey comprises gtudies dealing
wxith the following problems: Method of determining the surface energy of
golids; "natural roughness" of crystal gurfaces} varintion of the surface
profile of single crystals and polycrystals, development of intergranular
therma)l etching grooves; liquid films on the surface of crystalline \/////
bodies. Finally it is pointed out that further studies oust be under-
taken and a few problems are posed whose gsolution is of great importance
for the cevelopment of this branch of solid-state physics. €. &«» working
out experimental methods for determining the gurface energy of solids}
study of processes taking place on the surface of solid ailoys; effect of
gases dinssolving on the surface, on surface tension. Apart from being

card 1/2
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of purely scientific interest, studies of surface processes may also be of
great practical importance, This refers above all to the possibility

of producing perfect surfaces by applying the so-called "thermopolishing",

a procedure which produces a smooth flawless surface by applying high
temperatures without necessitating special treatment. V. D, Kuznetsov, 1I.
V. Obreimov, Ye. S. Trekhov, I. M. Lifshits, V. N. Slezov, A. A, Chernov,

P. I. Lukirskiy, G. G. Lemmleyn, M. O. Kliya, I. A. Oding, M. G.

Lozinskiy, 5. E. Khaykin, N. P. Dene, Ye. D. Dukova, A. I. Bublik, B. Ya. b////
Pines, L. S. Palatnik, Yu. F. Komnik, A. V. Shubnikov, K. lazanets, Ye.
Kamenskaya, M. G. Shaskol'skaya, I. M. Lifshits are mentioned. There are

37 figures, 5 tablea, and 127 references: 64 Soviet and 63 non-Soviet.

The four moest recent references to English-languapre publications read ag
follows: John p. Cilman, Direct Measurements of the surface energies of
crystals. J. dppl. Phys. 31 (2), 2208 (1960); R. Euernsey and J. Gilman,
Proc. Soc. Exper. Stress Anal. 1960; H. Mykura, The variation of the surface
tension of nickel with crystallographic orientation. Acta letallurgica j
(6), 570 (1961); J. M. Blakely, H. Mykura, Surface self diffusion
measurements on nickel by the mass transfer method, Acta Metallurgica 3

(1) (1961).
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”
under the Efrfect of Gas Pressure.

TITLE: The >ixth 411-Union conference on Towi-r vet:1lurgy (ield at
Yosecows 21 Novemter 1962 ot 110
SCURCE: Poroshkovaya metallurglya, no. 3, 19€3. D,
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Study on crystal ceramics, Part 3. 1zv, vys. ucheb., zav.; fis. no.
4:1.06~112 163, (MIRA 16:9)

1. Khar'kovskiy gosudarstvennyy universitet i Vsesoyuznyy nauchno-
issledovatel'skiy institut monokristallov,

(Coramics)
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AUTHORS: Ceguzin, Ya. Ye., and Dzyuba, A. S.

—

. TITLE: Interaction of macroscopic pores in a solid
 PERIODICAL: Flzika tverdogo tela, v. 5, no. 3, 1963, 891-896

JPEXT: The authors consider two relatively large pores close to one
another and calculate the possible distortions of the stress and diffusion
fields caused by their interaction, and assess the kinetics of the
processes accompanying the approach of their centers. This was

experimentally studied with macroscopic pores 10" - 107%cn dian in
artificial NaCl crystals grown by the Stokbarger method. Samples with
suitable, close, pores of equal size were sclected and studied under the
microscope. The pores were healed by heating in an autoclave (argon

20-30 kg/cma, 700-75000). The experimental results are plotted as
1/10 » f(d/do), where 1=L+2R is the distance between the pore centers and

d=2R, the pore diameter. The experimental values lie on the theoretical
card 1/2
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curves, calculated from

JoRR__ R
(L+r)®2 (1+L/R)

5 where v ig the rate with which the pore

centers approach. There are $ figures.

"ASSOCIATION: Khar'kovskiy gosudarstvennyy universitet im. A. M. Gor'kogo
(Khar'kov State University imeni A. M. Cor'kiy)

SUBMITTED: October 29, 1962
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AUTHORS: Geguzin, Ya. Ye,; Kovalev, G. N, _g
STITLE: In;;stigntion of diffu’sxio% on the surface of polycrystalline metalu‘

'SCURCE: Fizika 4verdogo- tela, J. 5, no. 6, 1963, 1687-1696

: i
TCPIC TAGS: surface diffusion, Ag, Ni, Au, dislocation, oxidation-reduction, :
‘{"Maninoted sampla", vacancy - }

AESTRACT: The enthors have made use of s method previously advanced by them (Ya,
Ye. Geguzin, G. Nl. Kovalev, and A. M. Ratner, FMM, 10, 1, 1960)--the Maminated ;
semple” method--to investigate surface diffusion in the systems Ag*-Ag, Ag*-Ni, and’
Ae#h: (the asterisks representing the diffusing component). The coefficients of |
surface diffusion they obtained are shown in the following expressionss . i
! D.A'-_,A'fx()ﬁaup (.}i}%). E

RT

: .The‘ suthors determined the thickness of the surface layer in which diffusion takes !
‘place tt} be on the order of 10-2 atomic leyers. They discuss several possible :
o iCerd M2 _ U

: D’A['—Nl = ”.4 Glp(:_l..o m),

e - [P
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