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Computing the rate of growth o
isothermal decomposition of austenite,

795-797 Ky '48.

1, Otdel teoreticheskoy £izik! Inatituta metallofiziki TSentral'-
nogo Nauchno-issledovatel'skogo instituta charnoy metallurgli.

Predstavleno akademikom I1.P, Bardinym.
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-vewrmingtica of the Coeficisnt of Diffuzion o

Goaceatrations of (ke Difusing fudstance. B. Ya. Iﬁow_w
(Dotlady Abad. Nawk 4.8.8.R., 1049, 68, (6), 1117-1120]
[In Russtian]. Two specimens ol sclid solu. of diffeceat
manm:kmwmphmduvlwamlw(mnsmpmnd
imen. If, after annealing a8 & definite temp. for o tixed
:I;:.thememmf-hnofidn(olnboth of the com-
pouudc meq (8 messured, the coeff. of diffusion can be
e a function of concentretion of selute et & given
temp At lov concentrations of solute, the relation ia
lincar: D = Dy 4 ee. Tho method of determining the
ocoeff. ulcﬂﬂ’udcn et agiven hmp.foflovmluwmmtnu«u

umbydvmmequum.,-(n.+u) 02 = g under
ven limiting conditions, By math. troatment tho equation
brought into a form which will give a thooretical velue
ollbaumuu&:uollnluwln pearts of the compound
This s d with some experimental veluce
lntbocmulttndlﬂ’ndmd(l(utc!’onll%‘c for 61-3
hr.. and ia found to agree exteemely well.—2Z. 8. B.
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Goomt

{ The Inflaence of the stresses arising In the disintegration
of colld solutions ga the rate of growth of theguciglof & new
hase, B. Ya.”Lyubov. Zhur. Tekh. Fis. 20, 134452
fmso);mx, 1L, 400; of. C.4. 47, 9120z,
10305¢.—Calcns. are reported which show that stresses
arising from transitions in structure in the system Fe-C
accelerate the growth of the ferrite grains It is assumed
that the stresses developiug in the growth of the nuclei of
the new phase lie within the elastic limit. Under the in-
duence of these stresses the max. of the curve showing the
rate of growth of the nuclel is raised considerably and dis-
placed to lower temp$. M. G Moorse—

—— e
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Rate o

‘)xothenual Decompotition of a Solid Bolution. B, Yseeoeo
rﬁﬂmﬂ—%‘»u A Dokady AFkad. Nauk 9.9.5.R., 1930, 72, 213~
T, Abs., 1050, 44, 10426).—[In Russian]. A theoretical -

expressian was derived to account for & slower rato of growth
of small nuclei than that given by tho diffusion mto of the
golute. This slow rato is eapeciafly noticeablo in the ppta.
of a new phase from a Bupercooled hypoeatectold solid soln.
having o giﬂ'cmnt compn. and structure. Two processes aro
necessary for the growth of such nuclei: re-formation of the
soluto lattice and movement of solute stoms across the nucleus
intorface. In the initial stage of nucleus growth, when its
size is just above the critical size, change in the solvent ocours
slowly and the solute concentration at the surface of the nucleus
is almost unchanged. Howaver, the equilibrium concentra-
tion of such & nucleus is large. At this stage the rate of growth
is wholly determined by the kinetics of lattice deformation,
Beyond a critical nuclous sizo the rate of growth is determined
by diffusion.
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USSR/Physics - Steel 21 Oct 50

"Influence of Concentration Stresses Upon f_:he
Speed of Lateral Growth of the Pearlite Grain,"
L. I. Aleksandrov, B. Ya. Lyubov, Inst of Metal
Studies and Phys of Metals, Cen Sci Res Inst of
Ferrous Metallurgy

"Dok Ak Nauk" Vol LXXIV, No 6, pp 1081-1084

Math treatment of diffusion eq to clarify compara-
tively great speeds of decay of sclid soln for temp j
where speed of mormal diffusion is small. Sub-
mitted 22 Jul 50 by I. P, Bardin,

. _J

Uobudion B- 78941 15 3p v
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ORI, where AF, In the freeenergy change accoipenying
treasfonnation of g unit vol. of austenite to marteusite, .
energy. The ble relative value AFefe/4y if AF decreases Since 3 F, increawes with
@artensite crystal, found by setting decressing temp , so dors the cquil thicigress. This of-
vol, are R = 3y fiv/¢e. nlr“llm' Y fect has beeu reported by Kurdvumor  In nust cdses
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LYUBOV, B.Ya., redaktor; MIKHATLOVA, V.V., tekhnichsskiy redaktor

e asayn RS KGR RIR PO,

[Problems of metellography and the physics of netala; third
collection] Probleny metallovedeniia { fiziki metallov; tretif
sbornik trudov, Hoskva, Gos. nanchno-tekhn. {zd-vo 1lit-ry po
chernoi { tsvetnof metallurgii, 1952, 38 p. [Microfiim]
(MLRA 7:10)

1. Uoscow. TSentral'nyy nauchno-isaledovatel'skiy institut
charnoy metallurgif.

(Metallurgy) (Mstallography)
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USSR/Metals - Steel, Structural Amalysis Apr 52

“The Field of Stresses Originating During the De-
composition of a Solid Solution Near the Spherical
Rucleus of the New Phase,"” L. N. Aleksandrov, B. Ya.
Lyubov, Inst of Metal Studies and Phys, TsNIIChM (Cen
8ci Res Inst of Ferrous Metallurgy)

"Dok Ak Nauk SSSR" Vol LXXXIII, No 6, pp 833-835

Analyzes effect of stresses, caused by decompn of
s0lid soln, on growth rate of new-phase nucleus end
applies results obtained to calcn of stresses in-
duced in supercooled austenite (T=993° K) of hy-

| poeutectoid concn around sepg ferrite grain. Sub-
mitted by Acad I. P. Bardin 29 Feb 52.

223T48
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USSR/Metals -~ structural Analysis Jun 52
¢ the Concentration ytresses on tie Dif-

*Influence ©
sges in Solid Solubious,’ B. Ya. Lyubov,

fusion Proce
N. 5. Fastov, Inst of Meta

Metals

1 studies ani Phys of

\ [

“Dok Ak Nauk 3SSR" Vol LXXXIV, No 5, kv 935-941
Using @5m:oamaowomwnmw method, develops eq of dir-
fusion which takes into consideration elastic
stresses caused by ponuniform distribution of c.is=-
solved substance in solid soln, These stressec, de-

creasing with equalization of conch affect diffusion
Process, sometimes to such  an extent that
223T5h

disregarding them may result in considerable discre-
pancy between calcd and exptl data. Submitted bY

Acad I. P. Bardin 12 Apr 52.
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USSR/Engineering - Heat, Processes Aug 52

"Heating Lump Materials Under Conditions of Counter
flow," G. P. Ivantsov and B. Ya. Lyubov, Cen Sci
Ves Inst of Ferrous Metallurgy

"DAN SSSR" Vol 85, No 5, pp 993-995

Develops soln of problem posed as follows: Jlcad
of balls of given dia and initial temp moves at
steady rate down shaft of given height and cross-
section; gas of definite initial temp is blown up-
ward through shaft; it 1s required to find temp
field in single ball as function of time, and

239762

variation in gas temp along shaft. Equations ob-
tained permit to calc heat exchange in blast fur-
naces with greater precision then could be done
by approx method previously developed by B. I.

Kitayev. Submitted by Acad I. P. Bardin 19 Jun 52.
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USSR/Physics - Beat Conduction 11 Sep 52

"Imitial Heating of Immobile Layer of Spheres by
a Current of Hot Gas," G. P. Ivantsov, B. Ya. Lyu-
vov, Cen Sci Res Inst of Ferrous Metallurgy

"Dok Ak Nauk SSSR" Vol 86, No 2, pp 293-296

Discusses soln of the problem concerning the
initinl heating of the layer of lumpy material by
means of a current of hot gases, taking into ac-
count the temp drop with respect to thickness of
the plece. OSets up the eqs involving radius of
spheres, initial temp, temp of gas, velocity of
235T06

the gas, cCross section for the gases, etec,
Solves by means of Laplace transformations.
Submitted by Acad I. P. Bardin 8 Jul 52.
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C sions of Metals and Alloys."
%The Theory of Isothermic Phase omer(Raferati s and ALy '

Dyssertation: tkov State U, Khar'kov, 1953.

Dr Phys-Math Sci, Khar
Moscow, No 10, May SH4)

S0: SuM 318, 23 Dec 1954
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LWBO?, B. Te. ) . ' @
" efite Eftect of Plaata Peformation Ariting During Decom-"
pogition of s Solid Batution on upleus . ¢

Hetallurgical Abst. (O:Jo tizd Ne:éf;ﬂ;; VL. N. Aleksandm;ln?g) B, Ya Lvulov
o . NaxE D.5.5.1., 1904, 91, (3), SVF522).—
Vol. 21 He.y 1954 Rxmian!],. Math. Equations are developed for the tate of

’ . growth of spherical nuclei fram su rsaturated wolid soln.

’ Structure which take i‘:\to consideration the effcct of plastie deforma-
tion, and they arc applicd to isothermal yrowth of ferrite
from austenite. The chief conclusion reached ia that the
atresses sot up by the transformation cause the process to be
autocntalytic. 6 ref. (Transluted by the U.N. National
Science Foundation (N8F-tr.93)).—D. M. P.

i
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31 1

LYUBOV, B. Ya.

(Boris Yakovlevich)

"THeory of Isothermal Phase Transformations in Metals and Alloys,”
(Dissertations), Academic Degree of Doctor in Physiomathematical Sciences,
based on his defense, 27 February 195k, in the Council of Khar'kov State
U im. Gor'kiy.

Central Sci Res Inst of Ferrous Metallurgy.

M- 3,054,778, 2 Oct 57
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HUMB-ROTHERY, William; LYUBOV, B,Ya,, redaktor [translator]; SELISSKIY,
Ya.P., redaktor [transiator].

(Atomic theory for atudents of metallurgy. Translated from the
English] Atomnaia teoriia dlia metallurgov, Perevod s angliiskogo
i redaktsiia B.IA.Liubova i1 IA.P.Selisskogo. Hoskva, Gos.naucho-
tekhn.izd-vo lit-ry po chernoi i tavetnoi metallurgii, 1955. 332 p,
(MLBA 9:4)
(Atomic theory) (Electrons) (Metala)
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B N T T G EN

i LYUBOV, B.Ya.,redaktor;BEFKER, 0.G., tekhnicheakiy redaktor.

[Problame of physical metallurgy and the physics of metals; fourth
collection o f papers] Problemy metallovedeniia i fiziki metallov;
chetvertyi sbornik trudov. Moskva, Gos.nauchno-tekhn,izd-vo lit-ry
po chernoi i tsvetnoi metallurgii, 1955. 6,0 p. (MLRa 8:9)
(Metallurgy)

STV IR e @_ 71q78, 13l %
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USSK/S511d State Physics - Diffusion, Sintering, E-6
Avst Journal: Referat Zhur - Fizika, No 12, 1956, 34750

Author: Borisov, V., T., Lyubov, B. Ya.

Ynstituticon: None

Title: On the Theory of the Method of Determining the Diffusion Coefficient fram
the Boundaries of the Grains of Metals

Original Pericdical: Fiz. metallov i metallovedeniye, 1955, 1, No 2, 289-302
Abstract: Mathematical foundation and a refinement are given for the method of

determining the diffusiocn ccefficient from the boundaries of grains of metals,
based on the Fisher model (Fisher, I. C., Jr. Appl. Phys., 1951, 22, Th).
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Category @ USSR/Solid State Fhysics - Fhese Trcnsformation in E-5
i Solid Bodies

Abs Jour § Ref Zhur - Fizike, No 3, 1757, ne 6616

Author 1+ Lyubov, B.Ye,
Title ;s Theory of the Growth of centers of e New Fhese in Iscthermel
Decomposition of Austerite.

Orig Fub ¢ Tr. Neuch.~-tekhn. o-va cherroy metallurgii, 1955, 3, 39-44

Abstrect : A thecretical enelysis has been rede of the growth of centers
of a new phase in the isothermel decomposition of supcrcooled
qustenite. The new phase (ferrite, cementite or peerlite)
differs frcm the initlel cpe (custenite) both in its structure
es well as in its composition. Consequently, the redis-
tribution of the dissolved metter combines in the phese
trensition with the trensition of the solvent from c¢ne
structurel form to enother. The kinetics of the opreccess of
the growth of tho conter cro dotermined by which of the
perticular comporents of ite otimplo processep ceusoes e min-
{mun rate of displacement of tho boundary between tho phases,
Thus, for example, 2 schemetic anelysis of the growth of
the forrite center (Dokl AN SSSR, 1952, 84, 277) shows thet

Cerd r 1/2
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Abs Jour : Referat Zhur - Khimiyz, No 6, 1957, 183c6

Author : §;Ei_l£&EL1;.B .I. Maksimev
Title . Theory -f Cetermination Mcthods of Cencentration
dence of piffusion Factors in Solid Solutions.

Orig Pub . Probl. metallcved., 1 fiz. matallov, sb.bk. 1955, 543-569

Abstract . The theory cf & new method tc determ. ne the dcpendence of
the diffusicn factor D on the concentration c is given.
A special method to determine D = f(c¢) by menns of radio-
active indicators is developed. It is shown by examples
thet in case cf thick layers, the new method ylelds re-
sults close to results yielded by Matano's method, and
thot the usual methods of determination of D with radio-
active indicators yield vulues of D close to the mean
valuas in the ccncentration interval in question.
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EKAMENETSKAYA, D.S., kandidat fiziko-matematicheskikh nauk; B,Ya,
kandidat fiziko-matematicheskikh nauk; ROSENEERG, V.M., ;
tekhnichaskikh naunk,

"Metallography." S.S.Shteinberg. Raviewsd by D.5.Kamenstskaia,
B.IA.Liubov, V.M.Rogenberg. Stal' 15 no.1l:95-96 Ja '55. (MLRA 8:5)

1. Organizatsiya VNITOM pri TsNHIIChM.
(Metallography) (Physical metallurgy) (Shteinberz, S.8.)
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AUTHOR: ILyubov, B. Ya.; Solov'yev, V. A. -

Poaeas stz pataran s pyt

ORG: Central Scientific-Research Institute of Ferrous Metallurgy im. I. P. Bardin,
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TITLE: Kinetics of disintegration of dislocation cracks\én the polygonal walls of
edge dislocations !

SOURCE: Fizika tverdogo tela, v. 8, no. 6, 1966, 1683-1689

TOPIC TAGS: crystal dislocation phencmenon, crystal defect, crack propagation, meta-%
stable state, surface property, relaxation process, brittleness, hardening :

ABSTRACT: The authors analyze the decay of metastable dislocation cracks on poly-
gonal walls of edge dislocations, the decay being the result of diffusion over the
surface of the crack. It is pointed out in the introduction that formation of dis-
locations along one side of a crack is energetically favored and that the diffusion

on the surface of the crack is the more likely mechanism of disappearance of disloca- ,
tion cracks at low temperatures. The time evolution of the diffusion of the atoms v
| gver the surface of the crack from the base of the crack, which is under compression,
into the mouth of the crack, which is under tension, ig described and the dislocation
distribution produced during such an evolution i{g ecalculated. The decrease in volume
accompanying the crack disintegration 18 also calculated as well as the relaxation
times characterizing the process. It is concluded that dislocation cracks should
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disintegrate as a result of diffusion on the vertical polygonal walls of its disloca- '
tions, with a decay time that depends strongly on the number of dislocations forming '
the crack. This disintegration probability is the cause of the experimental diffi-
culty of observing microcracks. The process counteracts the development of cracks ’«;
and consequently prevents brittle failure. The effect of this process on bardening |
produced by heat treatment is briefly mentioned. Orig. art. has: 24 formulas and '
2 figures.
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Lyubov. B. Ya

| Methods for Analyzing the Kinetics of the Soit-
of the Structure of a Metal Ingot tFiziko-
ki szatverdevaniya i formiro-

Physicomathenxanca
dification and Formation
-matematicheskiye metody analiz2 kinetl
vaniya struktury metallicheskogo slitka’
OosSnovy proiz-va stali Moscow. AN SSSR.
ppR T81-791

Fiz -khim
739.748 D:skus

V sb.
1957. pp

An effort was made by means of mathematical analysis to solve

the problem of the kinetics of the solidification of an ingot trom the
point of view of the neat exchange 2lso the problem of the solidi-
fication of an ngot wien account 18 taken of the physicokinetic
factors which make ! possible 1o compute the different crystaliine
structures in the ingot It was concluded from the calculations
that the effec! of supercooling the metal 1in order 1o advance the
front of acicular crystallization was small. that the imitially signi-
(icant supercooling on the ¢ rystalhization front raprdly diminished
and attained values of the order of 2-.39, that the temp¢ rature of
the molten metal rapidly approached the temperature of the
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Physicomathematical Methods for Arnalyzing the Kinetics tcont |
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crystallization front  and that after the start of crystallization in
depth (which led to the formation of a zone of equiaxial crystals in
the ingot) the supercooling in the liquid phase was considerably less
than on the crystailization front This theory requires that the
mechanisms of heat transfer and crystallization be defined more
precisely and that account be taken of the lhx'vv~f,hm(-nsmnallly of
the crystallization process

V.N.

1. Ingots—-Solidification 2. Ingots-—-Structural analysis
3. Ingots—-Mathematical analysis
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Translation from: Referativnyy zhurnal, Metallurgiya, 1958, Nr 6, p 300 (USSR}

AUTHORS: Maksimova, G.P., Golovchiner, Ya.M., [_\,M‘{a.,
Nikonorova, A.L — .

TITLE: Fundamental Trends in Investigations of the Theory of Mar-
tensite Transformation (Osnovnyye napravleniya issledovaniy
v oblasti teorii martensitnykh prevrashcheniy)

PERIODICAL: Sb. tr. In-t metalloved. i fiz. metallov Tsentr. n.-i. in-ta
chernoy metallurgii, Trans. Amer. Soc. Metals, 1957,
Nr 49, pp 427-444. Discuss. 1958, Vol 5, pp 147-160

ABSTRACT: Fundamental problems of the study of laws governing the
martensite transformation (MT), the effect of various factors
on 1t, and the control of the process of MT, also means and
methods for the investigation of MT are formulated. Biblio-
graphy: 80 references.
L.V.
1. Martensite--Analysis 2 Martensite--Theory 3. Metals--Trans-
formations
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SOV/137-58-7-15651
Translationfrom: Referativnyy zhurnal, Metallurgiya, 1958, Nr 7, pZéB(USSR)
AUTHOR: Lyubov, ., Roytburd, A.L.

TITLE: On the Speed of Nucleation of a New Phase in Single-component
Systems (O skorosti zarozhdeniya tsentrov novoy fazy v odnokom-
ponentynkh sistemakh)

PERIODICAL: Sb. tr. In-ta metalloved. i fiz. metallov Tsentr. n. -i, in-t
chernoy metallurgii, 1958, Vol 5, pp 91-123

ABSTRACT: The nonstationary process of nucleation (N) is analyzed
theoretically. At a constant temperature the rate of N can be
considered independent of time and calculated according to the
formula: J, = Kie - & P k/RT-u/RT only after the lapse of
a certain amount of time from the beginning of the isothermal
soaking [ time of the nonstationary state (TS)]. On the basis
of the solution of the kinetic equation describing the non-
stationary N process, an evaluation of TS during phase trans-
formation in single-component systems is made. The deduc-
tions of the general theory are applicable to the investigation
of transformations in the solid state, which proceed without
changes in the chemical composition of the phases. The TS is
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SOV/137~58-7-15651
On the Speed of Nucleation of a New Phase {cont.)

<10-7-10710 sec for processes with a low activation energy (AE) (martensite
transformation) but can be considerable (commensurable with the time of
complete transformation) in processes with AE close to the AE of self-dif-
fusion {normal polymorphic transformations). Therefore the N process with
martensite transformation may be regarded as stationary. The application
of a stationary expression for the rate of N in the case of normal polymorphic
transformation might lead to considerable errors and demands a preliminary
evaluation of TS. Bibliography: 36 references.

L. V.

1. Alloys——?ransformations 2. Nuclear physius——Applica’uions
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SOV /137-58 11 23356
Translation from: Referativanyy shurnal. Metallurgiya. 1958, Nr ll. p 216 [USSR)

AUTHOR: Lyubov, B. Ya.

TITLE: A Theory on the Growth of New-phase Centers During Phase Trans
formations in 3 Single-component System (Teoriya rosta tsentrot
novoy fazy pri fazovykh prevrashcheniyakh v odnokomponentnoy

sisteme)

PERIODICAL: Sb. tr. In-t metalloved. v fiz. metallov Tsentr. © -1, in ‘ta chernoy
metaltlurgit, 1958, Vol 5, pp 294-310

ABSTRACT: A theoretical analysis of the process of growth of new -phase verters

during phase transformations in a single»component system By

employing the methods of the the rmodynamics of unbalanced condit o
and the theory of the absolute reaction rates, or deri.es a
formula for the rate of growth of a new-phase center under isothermal
conditions as a function of its radius. The growth of a new phase 15
also examined Dy taking into consideration the temperature variat.crs
on the phase boundaries resulting from the liberation of the laten'
heat of fusion. The results of the theory are applied to an analystis

of polymorphous and martensitic transformations. The role of

S e A e LA Ty (T
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sOV/137-58-9- 19809
Translation from: Referativnyy shurnal, Metallurgiya, 1958, Nr 9. p 242 (USSR)

AUTHORS: Lyubov, B.Ya., Temkin, D.Ye.
gt G P
TITLE: Calculation of tne Temperature Field and the Rate of Displace-
ment of a Phase-transformation Front in Spherical Bodies

(Raschet temperaturnogo polya i skorosti peremeshcheniya
fronta fazovogo prevrashcheniya v sfericheskikh telakh)

PERIODICAL: Sb. tr. In-t metalloved. 1 fiz. metallov Tsentr. n.-i. in-ta

chernoy metallurgii, 1958, Vol 5, PP 311-316

ABSTRACT: Starting with the equations for thermal conductivity the
authors determine the te e field in a solid phase and
formulate an expression ing the growth, as a
function of time, of the region occupied by 2 solidifying melt
contained within a spherical volume of a liquid phase that 15
maintained at the temperature of crystallization, Ty at the
initial instant the surface of the sphere is led below Ty,
while the solid phase is absent entirely. A method which has
been developed earlier is employed (RZhFiz, 1956, Nr 4, ab-
stract 10468). Equations for the time of the beginning and the
Card 1/1 end of the process are derived. 1 Metals--Transformations
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SOV/I137-58-9_19414
A Theoretical Analysis of the Effect of Alloying (cont.)

providing the diffusion of the alloying element 1tself does not retard the pro-

cess. Critical dimensions were established for a nucleus, determined pri-

marily by the diffusion process. The time required for completion of T's

with various mechanisms was expressed analytically as a function of temp-

erature. A formula for determination of the nucleation rate of a new phase -y
is given. In the case of nonalloyed austenite, the mechanism of lattice '
modification gains in importance as the temperature is reduced; at temper-

atures below 600°C this mechanism becomes a determining factor. At

temperatures above 650° the mechanism of diffusion oij is of predominant

importance. The process of diffusion of C determinessthe rate of T in non-

alloyed steels and in steels containing alloying elements which noticeably N
inhibit the diffusion process (Cr, Mo). In the case of steels alloyed with :
elements that have a smalil tendency to retard the diffusion of C (Mn, Ni, W), -

or which tend to accelerate it, the process of modification of the Fe lattice
becomes a decisive factor,

V.R.
-. Austenite--Transformations 2. Alloys--Metallurgical effects 3. Metallurygy .
--"hecry
Card 2/2
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AUTHORS: Aleksandrov, L.N., Lyubov, B.Ya.
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TITLE:
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PERIODICAL:
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A Theoretical Analysis of the Effect of Alloying {cont.)

providing the diffusion of the alloying element 1tself does not retard the pro-
cess. Critical dimensions were established for a nucleus, determined pri-
marily by the diffusion process. The time required for completion of T's
with various mechanisms was expressed analytically as a function of temp-
erature. A formula for determination of the nucleation rate of a new phase
is given. In the case of nonalloyed austenite, the mechanism of iattice
modification gains in importance as the temperature is reduced; at temper-
atures below 600°C this mechanism becomes a determining factor. At
temperatures above 650° the mechanism of diffusion of.C is of predominant

importance. The process of diffusion of C determinegsthe rate of T in non-
alloyed steels and in steels containing alloying elements which noticeably
inhibit the diffusion process (Cr, Mo). In the case of steels alloyed with
elements that have a small tendency to retard the diffusion of C (Mn, N1, W),
or which tend to accelerate it, the process of modification of the Fe lattice
becomes a decisive factor.

V.R.
-, Aistenite--_ransformations o. Alioys--Metallurgical effects 3. Metailurgy
--"reory
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Problems in Physical Metallurgy (Cont.) sov /2125

covered include crystallization of metals, physical methods of
influenclng the processes of crystalliza'cion, problems in the
physical chemistry of metallurgical processes, development of
new methods and equipmen‘c for 1nves‘c1gat1ng metals, and
produc'cion control. References follow each article.

TABLE OF CONTENTS:

PART I. CRYSTALLIZATION OF METALS

pDukhin, A.I., candidate of Physical and Mathematical Sciences. :
Crystalliza‘cion of Metals and Alloys 1in Small Volumes 9

Dukhin, A.I., and V.7e. Neymark, candidate of Physical and
Mathematical Sciences. Effect of Boron and Titanium on the
Supercooling of Steel “h
The results of measuring the supercoollng of steels lead to
the concluslon that the energy of nucleatlon 1n-type—Kh18N9
austenitic steel 18 much greater than in type-Kh27 ferritic
steel. This explains the difficulty of refining the grain
of ingots of Knh18N9 steel DY means of additions of titanium
and boron, 28 well as the ease of refining the gain of Kh27
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lidification.

cal Metallurgy (Cont.)

problems 1in Pnysi
steel with the aid of seed crystals. It was
additions of titanlum and boron diminish th
steel for significant su . Titanium an
concentrations which produce minimum supercooling o]

rapid rates of SO

refine the dendritic structure at

and A.I. pukhin. Effect of
and golidifica

revealed 1n ingots of four types of steel
and Kn18N9) by the vacuum—crystalli—
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n deformation and accelerate
e steels i1n varylng

v.Ye., Modifying Agents on the
tion Rate of Steel

tleymark,
Skin Deformatlon,

Structure,
Ingots

Skin defects were
Kn27, Kn23N18,

{st. 3,
zation method It was found
zirconium, ) reduce ski
the skin-8O rate of thes
degrees. btained suggest ghat 1% would be
advisable to investigate the possibility of using modifying
agents for 1essening skin deformation and increasing the

g of steel.

skin—solidification rate 1in the continuous castin
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Kamenetskaya, D.S., candidate of Physical and Mathematical
Sciences; E.P. Rakhmanova; Ye.Z. Spektor; and v.I. Shiryayev.
The Mechanism of the Effect of Aluminum on t+he Formatlon of
Crystallization Centers in Liquid Iron
Liquid primary iron (electrolytic and direct—reduction) con-
taining no active undissolved impurities or gurface-actlive
dissolved impurities can easily be supercooled 260-270° C,
below the melting point. Nonactivated particles of Al,0, have
11ttle effect on the development of crystallizabion cen%ers
in iron. But the start of the ¢
containing particles of Al,0 has &
particles and results in a décrease 1in supercooling capaclty.
The introduction of small quantitles of aluminum into iron
sharply reduces the supercooling capaclty. The small degree€
of supercooling in accord with the fact
that additions of alum act to refilne the grain.
In view of the results of thls inves n and others, this
effect may be explained by the fact i1tions of
aluminum decrease the energ I
Because of the surface activity of aluminum, nuc
rake place spontaneously with but slight supercooling, as a
result of which a fine-grained cast structure 18 obtained.
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Malkin, V.I., candidate of Technical Sciences. Mechanism of the
Growth of Crystalls From the Liquid Phase

gygbov,,ﬁ,Ya., Doctor of Physical and Mathematical Sclences, and
D.Ye Temkin. On the Theory of Crystallization in Large Volume3

Leont 'yev, V.I. Effect of Ultrasonic Waves on the Crystallization

of Ingots
For effec g through molten metal
1t 1s necessary 1imi¢ of gspecif.c
ultrasonic power. tion of the waves On
the molfen metal must exceed 2 certain minimum, put at the
same time need not be as great as that required for complete
solidification. Better results are obtained with the use of
wider ingot mo r cooling. Ultrasonlic waves induce
intensive crys in all directions from nume rous
nuclel, the formation of which is aided by the action of the
waves.

Card 5/18
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echnical Scilences; v.I. Leont'yev;
ysical and Mathematical Sclences.
irng Crystallization on the

and Deformability of Kh27

Problems in Physi

gurevich, Ya.B., candidate of T
; and I.I. Teumin, Candidate of Ph
Effect of Elastic Vibrations Dur
Structure, Mechanical Properties,

and Kh25N20 Steel
The application O

117
f elastic vibrations during crystallization

results in a marked refinement of the grain. The linear
dimensions of the grains are 3-5 “imes smaller than those of
ordinary grains. Columnar crystals are almost entirely
lacking. In addition, nonmetallic inclusions are relatively
small and uniformly distributed. The mechanical properties

of both types of steel are improved.

Neymark, V.Ye. Application of the Vacuum-Crystallization Method
for Producing Hollow High-alloy Steel Ingots for Rolling Into

Tubes .
This method 1s recommended for the productlon of high-

quality thin-walled ingots (planks). In cases where the
blanks are long and thich-walled, or short and thin-walled,
the centrifugal-casting method 1s preferred. The vacuum-
crystallization method 1s still in the experimental stage,

O
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put is already belng used at several Soviet ma-hine-building
plants for producing hollow cylindrical planks from
nonferrous metals and alloys.

Yemyashev, A.V.; A.M. Zubko, candidate of Physlical and Mathematical
Sciences; and V.Ye. Neymark. On the Effect of Vacuum Melting and

Teeming on Metal Properties and Ingot Quality

P

=

2% Zelenov, A.N., and D.S. Kamenetskaya. Effect of Inert Gas

: pressure in the Furnace on Gas Conten 8
The content of nitrogen and hydrogen 1n metal melted 1n an
atmosphere of argon at a pressure of 1-450 mm. Hg has 1ittle
relationship to the pressure of the argon and 18 considerably
lower than in the original charge. The inert gas must be

purified of oxygen if a pressure 13 used at which the partial
pressure of oxygen would exceed 0.01 mg. Hg. The same applies

to nitrogen contained in the inert gas, provided the nitrogen

reacts with the metal,
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A.K., and D.S. Kamenetskaya. on the Shape of

Curves of Binary Alloys
MISTRY OF METALLURGICAL PROCESSES

Gorbatenko,
Equilibrium

PART II. PHYSICAL CHE

Tomilin, L.A., candidate of Technical Sciences, and L.A. Shvarts-
man, Doctor of Chemical Sciences. Effect of Silica, Calcium
0oxide, and Sodium Oxide on the Distribution of Sulfur and

195

Phosphorus in Iron and Ferruglnous Slag
¢ sulfur from iron

It was found that the heat of transfer O
Fe0-5102, gaturated with silica, 18

to slag in the system
tion of Cal to the slag. At a concen-
tration of about 20 ercent Cal the heat of reaction amounts
which coincides with the heat

£ Ca0 in the slag, & certain
increase in entropy btakes place. an overall result of thege
processes 1s a reduction in the value of the coefficlients of
gulfur distributlon in comparison with acid slag not containing
Ca0. The 1ntroduction of NapO into th
phenomenon to take placég, put in a greater degree. These

card 8/18
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ained by the specific 1nteraction of lons in

The free energy of solution of solid iron
sulfide in ferruginous and ferruginous—silicate slags was
calculated. It was shown that the neat of transfer of
phosphorus from 1ron to acid slag does not differ from the
corresponding figure in the case of ferruginous slag. The
coefficlents of diffusion of phosphorus, however, are con-
siderably less in the first case than in the second. This can
pe explained by the presence of 2 tgtucture” of gilicate

- polymers in the acid slag. additions of Ca0 and Nap0 to acid

T slag ilncrease the heat of reaction of dephosphorization, and

at the same time the values of the coefficients of distribution

rise.

facts may be expl
the acid fusion.

I.Yu., Candidate of Technical Sclences, and
Effect of Oxides of Alkali Earth Metals on
f the Dephosphorization Reaction of Iron 221

Kozhevnikov,
L.A. Shvartsman.
the Equilibrium O
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petrova, Ye.F., and L.A. Shvartsman. Effect of Alloyling
Elements on the Thermodynamic Activity of Carbon in Gamma Iron
- It is shown that the activity of ecarbon in gamma iron con-
taining additions of Mn, Cr, V, and T1 1s considerably
higher than 1in non-alloyed austenite. This would indicate
that the bond strength of carbon dissolved in gamma iron
1s substantially increased by the introduction of carblde-
forming elements.

N
\n
O

Yintaykin, Ye.Z. Methods of Determining Vapor Pressure Over
Metals and Alloys

Malkin, V.I. Measurement of Crystallization Rates in Slags of

the System CaO-A1203- S10o
For -wo slags of this system 2 determination was made of
the relationship between temperature and rate of crystalli-
zation in the temperature range of the vitreous gtate.
Within a narrow temperature range this relationship can be
described by 2 simple exponential law. Determinations were
also made of the energy of activation of the rate of
crystallization. The high value of the energy of activation

Card 10/18
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for slag consistin of 23 percent Ca0, 18 percent Alp0s3, and
59 percent S102 (66,000 k cal,/mol) as compared with tgat for
slag consisting of 23 percent Ca0, 32 percent A1503; and

45 percent 5100 {ndicates the presence of cationic aluminum

inp these slags.

Malkin, V.I., and L.A. Shvartsman. Change in the Transport
Number of the Nat Ton in Fused godium Silicate

Malkin, V.I., V.V. Pokidyshev, S.F. Knokhlov, and
L.A. Shvartsman. The Effect of an Electric Current Passed

Through the Slag-Metal Boundary in the Desulfurization Process
of Plg Iron

314

ssipov, AT., L.A. Shvartsman, v Ye. Iudin; and M.L. Sazonov.
On the Uniform Distribution of 2 Small Addition in the Slag
puring the Production of Steel in a 350-ton OpenmhearthT

Purnace

Ccard 11/18
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The distribution pﬂocess was studlied with the use of a radlo-
active isotope (Ca 5), It was shown that the prozess of
diffusion of a substance 1in slag takes place at a conslder-
aply slower rate than in metal.

Shvartsman, L.A., A.I. Oslpov,, v.,I. Alekseyev, V.F. Surov,
M.L. Sazonov, M.T. Bul'skiy, S.A. Telesov, A.M. Skrebtsov,
A.M. Ofengenden, L.G. Gol'dshteyn, and F.F. Sviridenko. An
Investigation of the Kinetlics of Scrap Melting in the
Scrap-Ore Process
A method for determining the apeed of melting scrap in
an open-hearth furnace in the scrap-ore process was
developed on the basis of this investigation. The method
. 1s based on "i1sotopic dilution" using radioactive cobalt.
‘ It was shown that the melting speed depends on the duration
of the pig iron pouring process and carbon content in the

bath.

326

Stupar', S.N. Investigation of the Transfer of Sulfur from

the Gas Phase to the Bath in the Basic Open-hearth Furnace 344
The transfer of sulfur from the gas phase to the bath
takes place most {ntensively during the loading of the

Card 12/18
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sulfur absorption

n of theé charge .
during Pre”
-71.5 percent.

4 18 17-25 perce
£inal melting

metalllic portio
f in the metal.

24 this perlo
ng 8-11 percent, an
the sulfur co

percentage 18 pased on
oDS AND EQUIPMENT
De

METH
terminatlon of

PART 111.
Candldate of Technlcal

and carburize e X-ray

3¢

Parkas, M.D.,
ecarburized

gciencesd.
4 Layer

ound €O be

the Depth of D
meghod
The um carbon content in the specimen was [
ot of the surface put at some depth (0.1—0.2 mm.) from
the surface
Zubke AM., Ccandidate of physlcal and Mathematical gclences, and
ve.Z. S ektor. A Quantitative merhod for petermining the
Graphitization of Coke in the 31ast purnace 372
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Pliskin, Yu.S. Method of Designing Installations for Levitation
Melting of Metals.. 461
Methods of levitation melting of metals are compared, and a
simple method of designing an inductor sufficiently accurate
for practical purposes i3 proposed.

Teumin, I.I. Princlples of Designing Magnetostrictive

7ibrators bi.-
Basic principles of designing magnitostrictive vibration
for untrasonic industrial equipment are presented. Speclal
attention is given to the analysls of operating conditions
in machining erystallizing metals and alloys

]

Latyshev, V.K., and A.K. PFelinger. Logarithmic Electron Con-

verter for Type MF-4 Microphotometer 453
Tatochenko, L.K., Yu—V, Moysh, V.V, Lyndin, and B.S. Tokmakov. '
Magnetic Particle Inspection Method Used in Metallurgy 4G
Card 15/18
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Zakharov, A.I, Proportional Neutron Counters Utilizing Boron v .
Trifluoride 4ot

The author states that, ordinarily, gas obtained from the
composition of a solt by heating 1s used in proportional
neutron counters. However, he further states, BF3 obtained
from glass containers is also effective,

Kornev,Yu.V., Candidate of Physical and Mathematical Sciences.
A Simple Electronic Magnetic Spectrometer for Identifying
Radioactive Isotopes 481
A simple portable design of a beta-spectrometer based on
focusing electrons by means of a transverse uniform mag-
netic fleld is described.

Tatochenko, L.K., and V.V. Lyndin. Instrument for Rapid
Determination of the Curie Point 485
The instrument described is 8uccessfully being used at
the TsNIIChM for investigating properties of ferromegnetic
alloys.
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Afanas'yev, V.N. Remote-control Radiometers for Radiometric
Investigation.of Certain Blast Furnace Production Processes

Latyshet(, v.K. Use of Radioactive Isotopes for Measuring
Levels Lof liquids

Latyshev, V.K., Yu.S. Pliskin, and L.K. Tatoshenko. Automatic
Level Regulator for a Continuous Steel-casting Installation

Spasskily, M.N., and L.M. Utevskily. High-frequency Vacuum
Melting Furnace

gurevich, Yu.V., . Neymark. Selectlion of Conditions for

Deforming Types EI530 an 3 Steels in the Cast State
The strength and plasticity of high-alloy steels, types
EI533 and EI530, are sharply reduced with an increase in
temperature. Mechanical properties of these steels were
investigated in order to determine the possibility of
improving thelr gtrength and plasticity at elevated tempera-
rures by means of alloy treating or by diffusion annealing.
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APPR :
OVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001031220004-8"



"APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001031220004-8

<

— Problems in Physical Metallurgy (Cont.) S0vV/2125

It was found that a substantial incresase in plasticity
results from the addition of 0.1-0.2] percent. Al and
0.2-0.3 percent Ba-Al alloy. Addition of Titanium greatly
reduces the plasticity.

Tokmakov, V.S, Experience Galned in the Use of Gamma-ray Flaw-
detectlion Method in Metallurgy 537
Experience galned 1n the use of radloactive isotopes for
the purpose of flaw detection has shown that it 18 possible
to use this method in checking castings and welded
structures.

AVAILABLE: Ldibrary of Congress

’ GO/ Jmr
e Card 18/18 9-4-59
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AlgC/AlCI
AT R Liﬁbovi B. Ya., Temkin, 0. Ye,
TTTLE The theory of crystallization in large volumes
{[:AL:  Referativnyy zhurnal, Metallurgiya, no. 5, 1%32, %, abstract 5125

("3b. tr, In-t metalloved, 1 fiz, metaiiov Tsentr. n.-i. In-ta
chernoy metallurgtt", v, 6, Lro, B4 - 49)

3 metal Ingot
Trystaliization processes for two boundary

DV A calculation was made of the soiidification rate of
~1tr consideration of undercooling.

_asen were considered:
sx-range irn the melt by heat conductivity, It Is shown that the undercocling at

ne tront of tne crystallization quickly decreases as it proceeds and soon di-
minishes to a minimum after the beginning of the process. From an analysis of

tne equations obtained it is concluded that the overheat gradually abates during

the soliditicaticn process of the ingot and that the remaining liquid proves to

he irdercccled at the given moment, Due to this fact, new centers of crystal- V/
.ization may arise, The results of the work permit the explanatisn of the pre-

for a nase of total intermixing and for a case of heat

. o 7 -
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S0V/126-8-2-10/26
Aleksandrov, L.N. and Lyubov, B.Ya.

Contribution on the Influemce of Alloying on the
Kinetics of the Pearlite Transformation

Fizika metallov i metallovedeniye, 1959, Vol 8, Nr 2,
pp 216 -~ 224 (USSR)

Considerable differences of opinion exist (R.I. Entin

et al - Refs 1-4) on the reasons for the influence of
alloying elements on the kinetics of the pearlite trans-
formation in austcnite. This transformation, the
authors point out. is important not only in eutectoidal
but also in hyper- and hypo-ecutectoidal steels since

the excess ferrite (or cementite) liberated in the early
Stages of the transformation leads to the attainment of
the eutectoidal state. To elucidate the influence of
alloying elements the rclation between the rate of
formation of. centres of the new phase, the lateral rate
of growth of the pearlite grain, the alloying element
concentration and the transformation temperature were
Studied. The authors use available information (Ya. S.
Unanskiy et al - Refs 6-8) to discuss these relations.
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Contribution on the Influence of Alloying on the Kinetics of the

Pearlite Transformation

They consider the movement of the austenite/pearlite
boundary, ignoring its curvature. obtaining an equation
from which the rate of growth of a pearlite grain in the
eutectoidal transformation of both unalloyed and alloyed
steel; the equation, unlike previous ones (Refs 4,9)

has no constants determined from rates found experimentally.
As a first approximation, the authors assume that the
change of activation energy for the Y -5 a iron
transformation on alloying corresponds to the change

of that of the self-diffusion. Ffreom their equation the
authors conclude that alloying can reduce the rate of
rearrangement of the iron lattice to such an extent that
it becomes rate-controlling. To calculate the rate of
growth of pearlite grains depending on diffusion of carbon
in alloyed austenite, the authors use their previous

(Ref 12) results, allowing for the considerable influence
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: Contribution on the Influence of Alloying on the Kinetics of the

Pearlite Transformation

of concentrating strains on diffusion. Calculated values

of pearlite~transformation rate are close to or considerably
higher than experimental for unalloyed or chromium steel,
respectively. A form of the diffusion equation is solved

by the authors in their previous manner (Ref 12) to give
relations for pearlite-growth rate in the formation of
ferrite-carbide mixture where this is limited by
diffusional redistribution of the alloying element in

- austenite. They conclude that this could not be the rate-
e controlling factor for chromium, nickel, manganese and some
T other alloying elements with a high activation energy of

diffusion, but could be for elements such as molybdenum.

The authors then deduce kinetic equations for the pearlite
transformation for control by iron-lattice rearrangement ,

by carbon diffusion and alloying eclement diffusion. They
calculate kinetic curves for 50% transformation of austenite
in unalloyed (Figure 1) and alloyed (0.49% C, 8.5% Cr) steel
and consider a steel with 0.5% Cr and 0.4% C; then compare
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. S0V/126-8-2-10/26
Contribution on the Influence of Alloying on the Kinetics of the
Pearlite Transformation

calculated and experimental results. With over 2.,5% Cr,
the pearlite transformation rate is governed by the poly-
morphic transformation. Their results show that the

views of Frye, Stansbury McElroy (Ref 9) that the
rearrangement mechanism is rate controlling in eutectoidal
unalloyed steel are incorrect. There are 2 figures and

18 references, of which i4 are Soviet and 4 English.

ASSOCIATION: Mordovskiy gosudarstvennyy universitet (Mordovskiy
State University)
Institut metalloedeniya i fizik:i metallov TsNIIChM

(Institute of Metallurgy and Mctal Physics of TsNIIChM)
SUBMITTED: June 14, 1958
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PEASE I BOOK EXPLOTTATION sov/43hl
Soveshchaniye po teorii liteynykh protsessov, 4th
Kristallizatsiya metallov; trudy soveshchaniya (Crystallization of Metals;
Transactions of the Fourth Conference on the Theory of Casting Processes)
Moscow, izd-vo AN SSSR, 1960. 325 p. 3,200 copies printed.

Sponsoring Agency: Akedemiya nauk 33SR. Institut mashinovedeniyas. Komissiya po
tekhnologil mashinostroyeniya.

Resp. Ed.: B. B. Gulyayev, Doctor of Technical Sciences, Professor; Ed. of
Publishing House: V. S. Rzheznikov; Tech. Ed.: 8. G. Tikhomirova.

PURPOSE: This book 1s intended for metallurgists and scientific workers. It
may also be useful to technical personnel at foundries.

COVERAGE: The book contains the transactions of the Fourth Conference (1958) omn
the Theory of Casting Processes. [{The previous 3 conferences dealt with
hydrodynamics of molten metals (1955), solidification of metals (1956), and
shrinkage processes in castings (19573]. General problems in the crystal-
1ization of metals, including the erystallization of constructional steels,
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Crystallization of Metals (Cont.) SOV/4344

alloy steels with special properties, cast iron, end of nonférrous alioys, are
discussed. Recognition is given to D. K. Chernov and N. T. Gudtsov and their
students, B. B. Gulyayev and A. G. Spasskiy, for their contributions to the
understanding of the basic problems involved in the theory of crystallization
of ferrous and nonferrous metals and alloys. Academician A. V. Shubnikov is
also menticned in comnection with his work on the planning of research on

crystal formation. References accompany several of the articles.
TABLE OF CONTENTS:

Foreword 3
Gulyayev, B. B. Crystallization of Metals

I. CENERAL PROBLEMS IN THE CRYSTALLIZATION OF METALS
_Ll"“b‘?l’L B. Ya. Calculation of the Bate of Crystallization of Metal
in large Volumes 35

Mirkin, I. L. Crystallization of Complex Alloys i3
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AUTIICAS: Lyubov, B.¥a. and

Cn tae Problem of Jiffusion in
Deformied Ilediws

T A —

PERICDICAL: iz et i etallovedeniye,

TEXT: Thae vorl Dovaar {llef. 1) and Yu.Z2. domasiin
{.tel. 2) is said ntain arrors. llorecover, taese worlkels
¢id not talie into unt th2 possible variation of tae
Ciffusion coefficier D wich time. Simmons and Dorn {(Xef. 3
have obtained a diffusion equation wiaich is not subject to

the latter limitation, althonrh their method is unnecessarily
involved and difficult to understand. The present autiors
eport a clearer derivation »f the diffusion ecuation for &
lastically deforming medium and indicate the metliod vhereby
his equaticn can be solved. Let j  be the flow density

£ the diffusing substance, Vv the velocity of displacement
of the medium at a given point and ¢ the concentration.

The exnression for j is

Cerd 1/8

D
i
[P
o]

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001031220004-8"



"APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001031220004-8

A e R e

32291 R

36/6C/010/002/027/028/ 44

/1
C32/E314

)
On the Problem of .... E

j = - D(t)‘/’c + VC .
he continuity eruation and tic fact that the nmedium is

incomprescsible lead to thc following equation for the one-
dimensional case

In the case of a lhomogecneous mediun

is tHe thicliness of the syvecimen, wvhich
function »f time, and

the distance froo tie s
cr fome other Iixned ZIcan

urface of t:
e
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The boundory conditions employed with Eq.
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Using the substitution

/u , ,
Rl A JTMY (1
(1)

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001031220004-8"



08/31/2001 CIA-RDP86-00513R001031220004-8

0 504 20 Tat R (AL SRR LA kg X g TE e

"APPROVED FOR RELEASE:

3

32291R
R 5/:226/60/010/002/027/ 2L, K
On the rroblex of .... SUD2/E31L
where /o is the thicliness of thie Specimen at the initicl

instant of time, Egs. (3) and (3') can be transformed to reani

‘e dic e
f b» ) df; [ )
2__ 0 npu 3 -0 E =N npw 3 {
FH T 8 A SN
S

'

When Lo T T tiae solution >0 this equation can be shovan
to be (Myunts - Ref. &)
;

] “*taa, vi)

Ty e o . + - . . . .
where CO(A) = ¢ () 4is the concentration at tlhe inicical
instant of time. In the case where a thin layer of t.ic ciilzing \X{
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a1 the “robBlan of ... Zl52/E314
saibstance is deposited on tl.c surface of the sneciiucen
AY - . . ; . — A
“co(x) = Ab(x) and 5(x) is the cdelta function , IZg. (5)
leads 1o tiie following exnression
23
E ¥t
4 = 4 ,_,_____._.__i____. ""(‘.\’p [_ e e e e
oo e — - 1 ' .o
- N S g, 1 Liudn ’ — e {1’y . —_
} == l// AiDWwy e M ar l 1N D e dt (73
o v
wiere
e = 1ln _ .
-0
e As aas been pointed out above, Zg. (7) was obtained by

- Simsons (Ref. 3) by a very much .usre comnliceted metiiod.
With an initial step change 1 the concentration, as is tie

case with thicl: layers (cO = ¢, when - . X 70,
¢, = ¢, wihen 07 x ' ) , Eq. (6) yields
Card 5/8
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The solution given by Z¢. (8) is a5t normalisable with respect
to x , i.e.
~

¢z, t)dz £ const.

0

for all instants ol time, as should be the case when tlc \
tivicikiness of ain incomnressible material is altered. It 1i:c
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other hand the volume 1ntegral of the concentration

evaluated for a rectangular parallelipiped with unit cross-
section at t = 0O and constant volume should be equal to
a constant i e.

eo ee
SS Scdx dy dz = S(t) &; {(x t)dx - A
- c S
and since S = o/£ = e , tiie normali1sation condition becomes
oo A
t .
g c(x, t) dx = - AeE( ) {9)
5 S(t)
The expressions for the concentration given by Dovnar and
Romashkin {(Refs. 1. 2) are in error because they do not L&/
* Card 7/8
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satisfy the normalising condition (Eq. 9) given here

@bstractor's note this 1s an abridged translation)
There are 4 references:- 3 Soviet and 1 non-Soviet
ASSOCTIATION Tnstitut metallovedeniya 1 fiziki metallov

TsNIIChM (Institute of Metallurgy and Physics
of Mctals TsNIIChM)

March 28 1960
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68985
Lyubov, B.Ya., Roytburd, A.L. §/020/60/131/02/024/071
T e : BO13/B0O11
Energy Relations in ‘Idartep_g_i_te Transformation

Doklady Akademii nauk SSSR, 1960, Vol 131, Nr 2, pp 3035-305 (USSR)

The authors derive the energy relations mentioned in the title under
the following simplified premises: The pure shear k along the habit
plene (gabitusnaya ploskost’) zx is selected as the deformation with
an invariant plane. The presence of a net of dislocations on the
interface allows to neglect the deformations within the martensite
crystal. The forces acting upon the martengite crystal from the
deformed matrix; ocompensate with the forces of the surface tension

on the interface between the phases. These premises are bound to
influence the numerical results of computation to a certain degree.
This can; however, be taken into the bargain; because the investiga-
tion under review aims at determining only certain general rules.
Therefore; the anisotropy of the elastic properties of the material
is also neglected with a view to simplifying calculationa. The
stressed state and the energy of the deformations occurring with the
formation of an isolated martensite crystal; carn be solved by solving
the plane problem of the theory of elasticity. Thie solution holds for
the region situated outeside the elliptic hole (at the edge of which
the dislocations u = ky + ax; v = ay are given). Here, x and y denote
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Energy Relations in Martensite Transformation 8/020/60/131/02/024/071
BO13/BO11

the coordinates of the point at the edge of the opening, u and v
the components of the shift toward the x- and y~axis respectively, k
the shear; and a the dilatation parameter. By uasing function-
theoretical methods one finds the following relation for the specific
2. 2
) , Iy k4a Db
energy of elastic deformations: B = w1+ ) — -

a 1, 2
b + u(1= s)a - Here, fAdenotes the shear modulus, a

1 a2
+/u(1+ 9_6) r

and b the semimajor and semiminor axis of the ellipse (which con-
stitutes the crosas section of the martensgite orystal) and ¥= 3 ~ 4y
holds. V denotes Poisson’s ratio. The free energy of the system changes
with the formation of a martensite orysﬁal vhich is coherent with

the matrix, by AF = -(AFon - C)ab + Aa“ + Bb2 + gs. Here, A F,

denotes the change in the "chemical® energy in the transgition of a
unit volume of the old phase into the new modification, and ¢ denotes
the surface tension. The authors then determine & relation for the
energetically optimum dimensions of the martensite crystal. With
increasing growth of the crystal the ratio b/a decreases and tends
toward a certain limit. If dilatation does not change (a=0), the
relation b2/a = const holds for the growth of the crystal, i.e.,
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ASSOCIATION:

B013/B011

the curvature of the elliptic surface of the crystal and of its growing
edge remains constant. From the standpoint of thermodynamics the
growth of the crystal is of interest only under a certain condition
which is given here. There are 3 figures and 7 references, 1 of

which i1is Soviet.

Institut metallovedeniya i fiziki metallov Tsentral'nogo nauchno-
issledovatel'skogo instituta chernoy metallurgii (Institute of
Metallurgy and Metal Physica of the Central Scientific Research

Ingtitute of Ferrous Metallurgy)

PRESENTED:

SUBMITTED:

October 19, 1959, by G.V. Kurdyumov, Academician

QOctober 15, 1959
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AUTHORS 1 Lyubov, B. Ya., Roytburd, A. L. 8/020/60/131/04/025/073
B013/B007
]
TITLE: Temperature Conditions on the Surface of a Growing Martensite
Crystal

PERIODICAL: Doklady Akademii nauk SSSR, 1960, Vol 131, Nr 4, pp 809-812 (USsR)

TEXT: The authors of the present paper made the attempt of estimating the
temperature conditions at various sites of the crystal surface in consideration
of its shape. The solution of the problem of thermodynamic growth of the
martensite crystal furnishea the true value of the moving force of this process.
Mention is made of various earlier papers which are based only on qualitative
considerations, whereas the solution of the afore-mentioned problem requires a
quantitative investigation of the relations between heat emission and heat
conduction from the growing surface. The shape of the crystal; which is

usually not taken into account, is of great importance to such investigations.
The martenaite crystal may be described as an elliptic cylinder with a small
ratio b/a of the semiaxes of the cross section. From the minimum condition
holding for the energy of distortions of the crystal it follows for the radius

of curvature of the crystal edge that @ = b2/a - (A/B)a + 2°/Bo In this case it

Card 1/4
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holds that & = &(1 + (1/2))%a’/2; B = u(1 + (1/2))%(k% + a%)/2; % = 3 - 4 vy
a and k denote the coefficient of linear expansion and the shear modulus of
macroscopic deformstion in the conversion of martensite, » and v - the torsion
modulus and Poisson's ratio of the austenite die, o - surface tension at the
interface between austenite and martensite. As soon as the crystal dimensions
exceed a certain critical size, the rate of growth in the longitudinal direction
is determined by the rate of shift of those dislocationswhich form the inter-
face between the crystal and the surrounding die. In this direction the crystal
20

grows with the constant rate v, so that ¢ = % vt + 3 holds. The determination

of temperature cn the edges of the orystal can be reduced to the determination
of temperature on the vertex of a parabola moving along the x-axis with

2’1 3% 1 a7
constant velocity. ] -.i-a—t holds for the temperature field round the
ix ay
crystal, where Y denotes thermal diffusivity. The solution of this equation
obtained for the corresponding conditions is written down. This solution can

be used also in the case of a time-variable temperature field. Q is approxima:j;//

Card 2/4
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ly constant and equal to 26/B in the first stage of the process with t € 2¢/Av.

With q/c 2 100° 1t holds that T = 139, j.e., the temperature of the
surface

crystal edge differs but little from the temperature of the surrounding medium.
The thickness, b, of the crystal is related to the rate of its growth along

the x-axis by the equation b « AV%-vztz + %g vt = gvt . In the initial period

of growth the temperature prevailing on the plane cryastal faces also differs

but little from the temperature of the surrounding medium. t » 2d/Av holds

for the further growth of the crystal. ¥ith f¥t o~ 3 the process is adiabatic.
The time necessary for attaining the steady state (which, in the case of a plane
face, corresponds to the occurrence of adiabatic conditions) is inversely
proportional to tihe rate of growth. In the initial stages, the growth of the
crystal is an isothermal process, but when the martensite plate is formed; the
conditions prevailing on its surface become more and more adiabatic. These
adiabatic conditions are attained more rapidly on the blunted edge of the
crystal than on its plane faces. There are 3 figures and 8 references, 3 of which
are Soviet.
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ASSOCIATION: Institut metallovedeniya i fiziki metallov Tsentral 'nogo nauchno-
issledovatel 'skogo instituta chernoy metallurgii (Institute of
Metallography and Metal Physics of the Central Sciemtific
Research Institute of Ferrous Metallurgy)

PRESERTEDs November 30, 1959, by G. V. Kurdyumov, Academician

SUBMITTED: November 18, 1959
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IVANTSOV, G.P.; LYUBOV, B.Ys.; POLYAK, B.T.: ROYTBURD, A.L.

Galgulation of the crystallization of a metallic ingot with various
types of heat flow.through its Surface. Inzh.-fiz. zhur. no.3:41-

47 w160, (MIRA 13:10)

1. Inatitut chernoy metallurgii, Moskva.
(Crystallization)
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S/058/62/000/005/070/119
o] 7
199507 AC61/A101
AUTHORS : Lyubov, B. Ya., Temkin, D. Ye,. ’
TITLE: Distripution of soluble impurities in crystallization

- PERIODICAL: Referativnyy zhurnal, Fizika, no. 5, 1962, 10, abstract SEB4 (V sb.
"Rost kristallov. T. 3", Moscow, AN SSSR, 1961, 59 - 67. Discuss.,

214 - 218) .

TEXT: The distribution of a soluble impurity in solid phase on crystal-

1:zation from a melt has been determined. The following assumptions are made in
sclving the problem: 1) the problem is one-dimensional (plane front of erystal-
-ization moving according to a certain law y(t)); 2) the impurity is unlimitedly

i scluble both in the melt and in the solid phase; 3) the law y(t) 1s postulated;
T L) near the liquid-solld interface, equilibrium is established almost instan-

] taneously; 5) convection 1s absent, and mass transfer takes place only by mole-
cular diffusion. A general method of solving the problem is presented, together
with the boundary conditions and the fundamental integral equation representing
the solution. An approximate solution of this equation is given for two courses
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Distribution of soluble impurities in crystallization AO61/A101

of y(t), 1.e., crystalligg&;on taking place at a constant rate, and crystalliza-
+ion by the law y(t} ~ \‘Dgt, where D, 1s the coefficient of impurity diffusion
1r, the melt. The two solutions are of a like nature, since the impurity concen-
tratior grows from initially solidified portions to those solidifying later. The
conditions, under which the impurity distribution 1s bound to be sharply non-
uniform, are analyzed, :

K. Gurov

[Abstracter's note: Complete translation)
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