"APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001135210009- .

SR RS tGRON

e e S e

HOROZ, L. M.

= The first prize of 10,000 roubles(imeni D K. Chernov) was awarded to the
following team: Professor S. Z. Bokshteyn, Engineer T. I. Gudkova, Doctor of
Technical Sciences Professor A. A. Zhukhovitskiy, Doctor of Technical Sciences
Professor S. Te Kishkin and Engineer L. M. Moroz for the paper MInvestigation

of the diffusion and the distribution of components in a real metal by means of
radioactive tracers"s The work described in this paper represents experimental
and theorectical work of fundamental importance on diffusion in alloys as a funce
tion of the structure of the metal and the stress field caused by external action.
4 brief summary is given of this paper and it is stated. that it is not only of
major theoretical impertance but also of practical interest, particularly from the

point of view of the problem of high temperature strength.

Results of the 1958 Competition for Obtaining imeni D. K. Chernov and imeni
N. A. Minkevich Prizes, Metallovedeniye i termicheskaya obrabotka metallov,

T 1959, No. 6, pp 62-6U
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AUTHORS: Bokshteyn, S. Z., Gubareva, M. a., Kishkin, S. T., and
Woroz, L. H.
) : A NENRL
TITLE: Study of the Process of Iron Recrystallization by the Method
of Radioactive Isotopes /4

PERIODICAL: Zavodskaya laborateriya, 1960, Vol. 26, No. 13, pp. '1tti-i114

TEXPT: The authors studied the behavior of atoms at the grain btoundaries
during the recrystallization of iron (content in %: 0.021 C, 0.014 ¥,

0.011 s, 0.67 Si, 0.07 Al, 0.08 Mn, 0,06 Ni, 0.033 Cu). Samiples of this

iron were covered with Fe2?., In annealing, Fe59 spread due to diffusion

at the boundaries between the metal grains. This permitted an cbservaticn

of the local displacement of atoms lying at the boundary during

deformation and recrystallization annealing. Iron rods were annealed at

12500C for 8 h, and then cut into samples ('Ox 10x 20 mm). The riveted

layer (70-80u) was removed by clectropolishing in perchloric and glacial
acetic acids. An Fedd layer 1.0 u thick was electrolytically apilied to
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Study of the rrocess of Ircn
Recrystallization by the Metnod of
Radioactive Isotopes

the polished surface. Subsequently, the samples were deformed bty
compression by 10-16% (Fig. 4; and by 45-70% (Fig. 2). Figs. '-3 snaw
autoradiogram {(a) on the left, and the microstructure {b) on thre rignt

on microphotographs., During exposure the samples were protected by u film
1 u thick (1% of Zapon varnisn in the solvent PAB (RDV)). Te¢ produce the
autoradiograms, the samples were exposed for several days on photorraphic
plates or films HUK®U (NIKFI), type MP(MR). The autoradio;rams were
compared with the microstructure plctures which had been taken by a
microscope of the type MUWM -8 (MIM-8). Next, the recrystallization
annealing was carried out (Figs. 2, 95-8). A Table on p. 1113 gives the
hardness and the methods of treatment for scme samples. On the btasis of
their methods, the authcrs succeeded in cobserving the behavicor of grain
boundaries during plastic defcrmaticn and subsequent recrystallization.

It was proved that iron recrystallization at relatively low {19%) and high
(50-70%) degrees of deformation causes no essential change in the pcsition
of atoms laying at the boundary of deformed grains. With a considerable
structural change of the metal after 2 double recrystallizaticn, as well as
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Radicactive Isotopes

after polymorphous « — Y transformation, the atoms at the boundaries cf

the initial bodies are not digplaced. In contr,st with recryztallization,
plastic deformation is accompan:ed by a considerable disglacement of atoxs.
The results prove that the displacement of grain bcoundaries during M){
recrystallization and the subsequent growth of graing io connected with a
specific mechanism which differs from the ordinary diffusion mechanism.

There are 6 figures, 1 table, and 15 references: 4 Soviet, 1 US, 1t Dutckh,

1 French, and 4 German.
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S/129/61/OOO/001/002/013
E111/E135

Bokshteyn, S.2., Doctor of Technical Sciences,Professor;
Gubareva, M.A., Engineer; Kontorovich, I.Ye,, Doctor
of Technical Sciences; qg@,ﬂocoz,mgék., Candidate of
Technical Sciences '

TITLE: Peculiarities of the Diffusion of Carbon in Iron

PERIODICAL: Metallovedeniye i termicheskaya obrabotka metallov,
1961, No. 1, pp. 10-14 (+ 1 plate)

TEXT: Work by two of the authors (Refs 1-4) and by others

(e.g. Refs 2, 3) has shown that diffusion is often non-uniform,

This effect could be associated with difference in the activation
energy of diffusion (Refs 8-10). In this present work the authors V/

Studied diffusion of carbon in technical purity iron (0.03% C) and
iron alloys with 0.03¢ C and 0.14, 0.64% or 2.93.; Si. Some alloys _
also contained a third component: .56 or 3¢’ ¥i, 0.36 or 1.61% Al,
0.88, 3.77 or 14.13% Cr, 0.21 or 3% Mo, 1.19 or 4.975 W, 0.1 or
2.29% Ti. This enabled the influence of carbide-forming and non-
forming elements to be compared. P{&smatic specimens 20 mm high

C

and with a 10 mm base were used.
Card 1/5
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Peculiarities of the Diffusion of Carbon in Iron

from barium carbonate or from special specimens containing this
isotope. The first technique was used for studies in the gamma, the
second in the alpha states. Auto-radiographs were obtained on

type HUK U (NTKFI) plates, contact prints being examined micro-
photometrically with a type M-k (MF-L) instrument., The diffusion
coefficient was calculated by the method of Bokshteyn et al (Ref.11).
Microstructural analysis was also carried out. Autoradiographs and
microstructures for iron at 950 OC are shown in Fig.la and b,
Autoradiographs at 550 “C fopr al ha iron (unalloyed and with 0.64%
Si, top and bottom, respectively? are shown in Fig.2a and b,

Fig.5 shows plots of darkening agninst depth of diffusion of earbon
in the grains (top curve) and alonz boundaries (bottom curve in each
of the two diagrams), for ferrite (95¢ og), The influence of
concentration of the different alloving elements on depth of
diffusion (mm) in iren at 950 ©C §s5 shown in Fig.,6

IS
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i Peculiarities of the Diffusion of Carbon in Iron

; Fig.? shows. relative darkening with respect to distance into ferrite '

grain for carbide forming (left-hand graph) and non-forming (right-
. hand graph) alloying elements. The left and right ends of the plots °
i relate to the grain boundaries; the remaining space, corresponding

i to 0.30 mm, relates to the body of the grain.
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Peculiarities of the Diffusion of Carbon in Iron

The work shows that carbon diffusion in both alpha- and gamma-iron
occurs unevenly, the grain boundaries and adjacent alpha solid-
solution regions becoming enriched with carbon. The diffusion
coefficient for grain boundaries is 3-k4 orders higher than for
inside grains. Alloying modifies both rate of diffusion and
distribution of carbon within the grain; depending on the effect
of the element on the gamma region., Alloying reduces the
carbon-concentration drop between the boundary and the body of

the ferrite grain,

There are 7 figures and 11 references: 7 Soviet and 4 non-Soviet,
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BOKSHTEYN, S.Z. (Moskva); KISHKIN, S.T. (Moakva); LOZINSKIY, M.G. (Moskva);
SOKOLKOV Yo.N. (Moskva); Prinimali uchastiye: PODVCYSKALA, OWN,;
ZILOVA, T.1. ; SOROKIMA, K.P.j POLYA%, E.V. VC‘Z(Z_AL_M__

BJL!GIN I.P.; LASHKO, N.F.; POXAMESTOVA, T ; GORIETEVA, T.A.
YAGLOV, R.V,; VOLODI“A T.A,; KORABLEVA, G.N.; ANTIPOVA Ye.l.

Thermomechanical treatment of chromium-nickel-manganese

austenitic steel, Izv, AN SSSR. Otd. tekh. nauk, Met, 1 topl.
. no.2:15-21 Mr-Ap '62. (MIRA 15:4)
- (Chromium-nickel steel--Hardening)
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AUTHOWS Bokshteyn. 5.2 , Doctor of lechnicul Scrences

Protessor. hishkin. >.T., Corresponding Member ot the

Academy cof Sciences and Moroz L. Candidate ot

Technical Sciences
TITLE Influence of carbon on the movement ol 2rain

boundaries 1i1n the recrystallization of 1ron

PERIODICAL Metallovedeniye 1 t ermicheskaya obrabotka metallaov
no. 3. 1962, 8 - 13

TOXT LUcke and Detert (Ref. 1 - Acta Metallurg v.5 no Il

1957) and Beck (Ref. 2 - Metal Interfaces Cleveland ASM 1952}

consider that there 1s a sharp drop 1n the speed of recrvstallil-

zation when the concentration of an impurity reaches some

critical value (about 0.01%) below the solubility., Impurities
forming a second phase also retard the growth of recrystallization

centres. Using their radioactive-1s5otopes technique (Rel. b-
“"Zavodskaya laboratoriya. no. 10. 1y60) the present authors and

M.A. Gubareva have studied the influence of carbon on the /
behaviour of grain boundaries 1n the recrystallization of ‘}

Card l/li
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practically insoluble 11t alpha-1ron
an increcase 1n the activation energy
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el ement

1t 1s Known tou leat

ol recivs=tallization ci

tron and. 1l present 1n quantities even slighly 1n excess of U=
solubility, to prevent collective recrystallizatron  particu-
larly at 620 - 70u OC. specimens were saturated wilh carbon
from donors at 700 9 for 2 hours The behaviour ol carbon
atoms at 1ron-graiwn boundaries was followed directly durinc
deformation and subsequent recrystallizing annealing.
Recrvstallization was studied on specimens 10 - 15 and 30 - o
deformed tne first being i1n fact close to the critical value.
Autoradiograms obtailned beiore and after deformation were o
par ed From this and the microstructure the behaviour ot the
¢arbon was evaluated. Ihe s17zes of all grains 1ncreased it er
deformation. heating to 330 9C tailled to produce recrv=tal
l1zation but growth of alpha-phase grains occutr ed Lol bon
tended to move towards grain boundaries even when rhy- niednt
golng 1nto & region ot higher carbon concentiratrion et to o\
recryvstallization was almost complete the Ccathon remarnine ot *
Card 2/

APPROVED FOR RELEASE: 07/12/2001

CIA-RDP86-00513R001135210009-9"



CIA-RDP86-00513

=23

01135210009-9
"APPROVED FOR RELEASE: 07/12/2001 . 2200095

e NN

5 SRR L Sh
R A s B

Y

3/129/6 :/ooo/oos/ooa/oor;
Inf'luence of carbon on ... . E111/E535

the grain boundaries produced after heating a1t 55, %
Althonueh Frecrystallization was practically Instantaneons
Tompletelv new fxno—gralned structure was nroduc ed deatinge
0 T C broduced growth of Fecrystallized grans and movement
not always complete, of carbon to the new Lrain boundar | e«
Hecrystalitzation annecaling at 700 “C for 45 min ot Shecimens
alter 13« deformation gave little change 1n MICTrostiuctyre
carbon moved from the boundaries of deformed Erains to those
0l the new recrystallized grains. The influence of the alpha-
gamma transformation on the behaviour or carbon atoms |uc.ted
at boundaries was studied 1n anotheor Series of exneriment«.

For this bDurpose Specimens wre heat ed at 930 “¢ for I hour
Completely new grains wergo Produced, the carbon both migrating
to them and forming large accumulations of carbides . It 1s
evident that the behaviour of Impurity atoms locat ed art
boundaries and forming Interstitial solutions 13 Very different
from that of boundary atoms of the base element. 4g shown
Previously (Rerf. 6), boundary atoms 1n 1ron recrvstallyzat ton
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ter polvmorphic transtormation) remain in

same position, carbon atoms follow
boundaries.

Bract e at syt
newiv-formed vrarn

here are & tigures and | table.,
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AUTHORS : Hokshteyn, S.2., Doctor of Technicatl Sciences,vrofessor,

Bronfin, MJ.B., Engineer, Kishkin, S5.T., Doctor of
Technical Sciences, Professor, Moroz, L.M., Candidate
of Technical Sciences o

TITLE : Grain boundaries on recrystallization

PERIODIC\!. Metallovedeniye iltermicheskaya obrabotka metallov,
no.9%, 1962, 6-8 ’

TEXT: This is a continuation of earlier work (”Zavodskaya
laboratoriya”, no.l0, 1960). The behaviour of W, Ni, Sn and

C admixturcs present at the grain boundaries during recrystallization
of iron (0,021 ¢, 0.014: P, 0.011% s, 0,67% Si, 0.07% a1,

V.08% Mn, 0,06% Ni, 0.033% Cu) was studied by autoradiogranhic
investigation and microstructural analysis, The admixtures,
forming with iron substitutional solid solutions in the case of

W, Ni, Sn and interstitial solid solutions in the case of c,

recrystallization was carried out after preliminary deformations
of 10 to 15 and 50 to 70%. The Ni, W and Sn were completely
Card 1/3
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soluble in iron at all recrystallization temperatures
investigated and remained in their original lattice positions,
despite substantial changes in the structure of the metal .

The behaviour of carbon atoms was substantially differen: :

above 75¢G°C carbon passed from the boundaries of deformed Lrains
to the boundaries of new recrystallized grains. However, in the
initial stages of recrystallization (after 30 to 45 min at

650 to 750°C) carbon atoms remain at the boundaries of (!, |,
grains and boundaries of the new grains remain free from carbou,
The possibility of "heredity", i, preservation of the initi.}
structural and concentration non-uniformities in recrysta'l,i7rnqg
metal was demonstrated on a molybdenum alloy (0.54% Zr, ¢, 0,
0.0008% Ti and 0,011% C). A thin layer of tungsten 185 was
electrodeposited on the surface of a flat specimen of the d. .
alloy, submitted to a preliminary annealing at 1700°C, The
activated specimen was then annealed in vacuo at 1750°C for

100 hours, Autoradiographs of an oblique section showed the
bresence of an accelerated diffusion not only along the Louncaries
of the newly formed grains but also a preferential penetraticn of

Card 2/3
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the wl85 along those sections where ol
passing be'ore recrystallization, The velocity of diffusion
along the old boundaries was lower than along the new boundaries,
nevertheless it was noticeably faster than .volume diffusion.

e grains the process of grain .
boundary migration does not produce as high concentration of

defects as is produced at the'beginning and at the end of the
boundary migration. There are 6 figures.

d grain boundaries wore
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BOKSHTEYN, 8,2.j KISHKIN, S.T.; NIKISHOV, A,.S.; POLYAK, E,V.; SOLOV!'YEVA, G.G.;
Prinimali uchaatiyes ARZHAKOV, V.M.j BULANOV, A,V.; VERTYUKOVA I’.,G,;
KORABLEY A3 MIRSKIY, L.M.; PODVOYSKAYA, O.N,; SAZONOVA, T.K.; ’
SOLORINA, 0.P,; TITARENKO, I.I.; RINK, L.P.; KOZLOVA, M.N,;

TERMOLOVA, M.I.; MOROZ, L.M.

Aging of plastically deformed alloys, Metalloved, i term. obr,
met. no.5840-44 My 163, (MIRA 16:5)
(Heat-restistant alloys—-Hardening) (Deformations (Mschanicsa))
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ACCESSION NR: AT4013954 8/.659/63/010/000/0214/0218

AUTHOR: Bokshteyn, 8.Z.; Kishidn, S. T.; Moroz, L. M.

TITLE: Condition of grain boundaries during recrystallization

SOURCE: AN SSSR. Institut metallurgil. Issledovaniya po zharoprochny*m splavam,
v. 10, 1963, 214-218

TOPIC TAGS: metal fatigue, steel grain, recrystallization, grain boundary

ABSTRACT: The present investigation dealt with two problems: First, whether or not the
atoms of the initial grain boundary serve as the boundary of the newly-crystallized grains
and second, whether or not the initial grains leave traces of their inadequate structure, i.e.,
whether their inadequacies are completely eiiminated during recrystallization. Radioactve
isotopes were used for the investigation of the grain boundaries during recrystallization of
molybdenum, nickel, iron and iron containing various impurities. The results showed that
the atoms of the base metal grain boundary do not take part in creating the grain boundaries
of the recrystallized metal and that the boundaries of the recrystallized grains inherit some
of the structural features of the initial grain. Orig. art. has: 3 figures. '

ASSOCIATION: Institut metallurgii AN SSSR (Institute of Metallurgy AN SSSH)
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ACCESSION NR: AT4040411 S5/0000/G64/000/000/0074/0094
AUTHOR: Bokshteyn, S. Z,; Kishkin, S. T.; Moroz, L. M,

TITLE: Investigation of the conditions of the grain boundaries during recrystallization of
iron and its alloys ’

SOURCE: Protsessy* diffuzii, struktura i svoystva mettallov (Diffusion processes,
Structure and properties of metals); sbornik statey. Moscow, Izd-vo Mashinostroyeniye,
1964, 74-94

TOPIC TAGS: iron, iron alloy, steel, tungsten stcel, carbon steel, steel structure,
grain boundary, recrystallization, iron microstructure, carbon diffusion, tungsten
diffusion, tin diffusion, nickel diffusion

ABSTRACT: There are still unclear aspects of the mechanism of recrystallization,
such as the nature of the reconstruction of grain boundaries, the formation of new grains
and their subsequent growth, the influence of impurities, and the role of diffusion. The |,
present authors investigated recrystallization of iron in specimens previously subjected to
a plastic deformation of 10-16 and 45-70%, involving a variety of heat treatments (anneal-
ing at 720-800C, recrystallization at 700-1370C, additional heating at 700-950C). Data
on microhardness before and after these processes are tabulated. Furthermore, recry-
Card 1/4
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ACCESSION NR: AT4040411

ens of iron in which impurities were located at the

iron grain boundaries, formed a part of the solid solution by replacement or formed a
part of the solid solution by penetration; here again, various degrees of plastic deforma-
tion and various heat treatments were applied. The impurities tested were carbon, tin,
tungsten and nickel, Finally, radioactive isotopes were used as tracers to observe local
displacemants O , as well as by p‘notomicrographs and X-ray
radiographs. In order to study the behavior of base-metal atoms, the isotope Fed9 was
used; for the behavior of atoms of an alloying elements, a corresponding isotope of the
alloying eiement was employed. Test specimens 10 x 10 x 20 mm were cut from iron bars
previously annealed (1250 C for 9 hrs.) in order to obtain 2 homogeneous glructure and 2
on. After cutting, the work-
hardened surface layer (70-80 microns)was removed by electrolytic polishing. The radio-
active tracer was deposited on the polished surface electrolytically. Diffusion annealing

was carried out in a vacuum furnace at residual pressures of 10-3 - 10-4 mm Hg. The

temperature of diffusion annealing was 720C, at which the influence of grain boundaries on

the diffusional flux has been found to be particularly pronoumed. Deformation of speci-
mens was Carri 0-ton Amsler press. An analysis of the experimental resalts

showed that atoms of soluble impurities (nickel, tungsten, tin), like the atoms of the base-

stallization was investigated on specim

coarser grain for the convenience of radiographic investigati
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showed that atoms of soluble impurities (nickel, tungsten. tin), like the atoms of the base-
metal, practically remain at their initial locations despite significant changes in the micro-
siructure of the metal, Prolonged annealing at recrystallization temperature (78 hrs. at
700C for iron with nickel; 30 hrs. for iron with tin; 28 hrs. at 750 C for iron with tungsten),
heating at temperatures above the Ag-point, or high-temperature annealing (30 min. at

1200 C for iron with tungsten) did not cause atomic migration of impurities from the initial
locations toward the boundaries of the recrystallized grains, regardless of the degree of
prior deformation. During recrystallization, atoms of impurities which were located at the
grain boundaries and formed part of the solid solution by penetration showed a substantially
different behavior than atoms of base-metal at the boundaries or atoms of impurities form-
ing part of the solid solution by replacement. Carbon atoms, unlike atoms of iron, tungsten,
nickel, and tin, follow behind the boundaries of newly forming grains, so that at certain
stages of the process a lag may occur due to a difference between the di ffusion velocity of
carbon and the recrystallization velocity, It is characteristic that carbon atoms always
migrate toward the grain boundaries, and not in the direction of the maximum concentration
gradient of the impurity. The authors suggest, in conclusion, that the activation energy of
the migration process be determined and compared with the activation energy of the dif-
fusion process of carbon in iron, Orig, art, has; 25 photomicrographs and 3 tables,

ASSOCIATION: None
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ACCESSION NR: AT4040413 S/0000/64/000/000/0099/O109
AUTHOR: Bokshteyn, S. Z; Kishkin, §. T.; Moroz, L. M.; Chaply*gina, V. S.
TITLE: Structure imperfections of metal following recrystallization

SOURCE: Protsessy* diffuzii, struktura i svoystva metallov (Diffusion processes,
structure and properties of metals); sbornik statey. Moscow, Izd-vo Mashinostroyeniye,
‘1964, 99-109

TOPIC TAGS: metal structure, metal diffusion, diffusion permeability, metal re-
crystallization, iron, tin, tungsten, carbon diffusion

ABSTRACT: Many of the properties and processes occurring in metals depend upon the

degree of structural perfection. However, it is not clear how and under what circum-

stances structural defects arise or disappear. In some cases, it has been possible to
achieve a displacement of interstitial impurities into the inner regions of grains by re- ,
crystallization, thus increasing the plasticity of the alloys. However, such a beneficial
influence of recrystallization has been observed only in individual cases. Therefore, the

_ assumption can be made that in regions where grain boundaries have been located before

| recrystallization, preaervatlonof the specific state is possible, i.e., there is a possibility

V
'
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of "heredity". In the present'paper, the authors investigated the heredity of metal struc-
ture during recrystallization and grain growth, using autoradiographic and microscopic
techniques. The degree of structural perfection was evaluated by diffusion permeability

of C14, a higher permeability corresponding to a more defective structure. Using
specimens of pure iron and of iron containing diffusionally introduced interstitial additions,
such as tin and tungsten, the authors studied the stability and degree of defectiveness of

the original grain boundaries during recrystallization in relation to the degree of metal
purity and the recrystallization conditions. Iron was annealed at 1250C for 9 hrs.,
electropolished and etched with 4% picric acid in ethanol to reveal the structure. Tin

and tungsten were added in a microfurnace at 700C. Recrystallization was then carried

out either at 650C for 45 min., at 700C for 30 min. or at 750C for 1 hr., followed by
heating at 600C for 1 hr. in the presence »f radioactive carbon. Measurements of hardness
and C14 distribution demonstrated that diffusion is affected by recrystallization temperature
and that the residual effects of previous cold working can remain after application of the
common types of recrystallization. The diffusional mobility of atoms was found to in-
crease during the process of recrystallization. Failure of alloys at high temperatures
generally proceeds along the grain boundaries, but sometimes it occurs transgranularly.

.. It is possible that, in the latter case, the alloy fails along the boundaries of original

i
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grains which were metallographically undetectable. The question of the influence of

various impurities on the defectiveness of the original grain boundaries thus gains con-

siderable significance. It is very possible that inheritance of defectiveness i8 linked to a
considerable degree to the presence of impurities; therefore, the question arises of the

. possibility of displacing the impurities from the boundaries to the inner region by re-

. crystallization. The results of the present investigation permit the authors to assume that

. the detrimental influence of impurities can be reduced by applying suitable recrystallization

. conditions. Orig. art. has: 7 figures and 1 table.

" ASSOCIATION: none
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AUTHOR: Bokshteyn, s, Z.; Kishkin, S, T.; Moroz, L. M.

 TITLE: Effect of thermomechanical treatment on diffusion mobility
SOURCE: Protsessy* diffuzil, gtruktura i svoystva metallov
(piffusion processes, structure and properties of metals); abornik

. statey. Moscow, Izd-vo Mashinostroyeniye, 1964, 183-187

. TOPIC TAGS: thermomachanical treatment, diffusion mobility,

' Qiffusion coefficient, fine structure, diffusion mobility determina-~
. tien, thermomechanical treatment effect .

| ABSTRACT: The diffusion mobility of iron in wstenitic steel EL48L |

" and EI1437B alloy were tnvestigated after conventional heat treatment
and after thermomechanical treatment (TMT). The parameters of the

. latter treatment were: 1080C - temperature of deformation; 282 = '

. reduction; and 13.5 m/min - deformation rate. The diffusion mobility

" was determined by the method of tagged atoms in combination with '
microstructure analysis. The gpecimens were elactrolytically coated

{Cars__1/3
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. with a thin fi{lm of radioactive Fe®9 and annealed in a vacuum
furnace at 800C for 150 hr, After annealing, the diffusion coef~-
ficlents were calculated for grain volume and grain boundaries.
Table 1 (see enclosure) presents the results obtained. Thus, TMT
changes not only the conditions of the grain boundaries but of the
grain bcdies as well., The {fncrease of diffusion mobility is pre=-
{ served even after annealing at higher temperatures (temperature
" of recrystallization). The increase of diffusion mobility produced
by TMT limits the applicability of this method for heat-resistant
~ alloys. TMT could be beneficial, however, for alloy working at :
" relatively low temperature. Oriy,. art. has: 4 figures and 2 tables.

" ASSOCIATION: none

. SUBMITTED: 09Dec63 ATD PRESS: 3072 ENCL: 01

. SUB CODE: MM NO REF SOV: 001 OTHER: 00
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Table 1. Iron diffusion coefficients
D¢10 cm /sec on grain boundarifes Dgr
and in grain bodies Db of alloys EI437B

and EI481 at 800C -
Conventional ;
heat treatment TMT )
Alloy Dgr Db Dgr Db : . '
EI48L | 0.62 | 4.6 2.8 - ‘
EI437B 0.87 3.5 1.7 11
Average diffusfon coefficient .
EI481 1.4 3.0
EI4378 1.0 1.3
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AUTHOR: Bokshteyn, S. Z. (Moscow); Kishkin, S. T. (Moscow); Moroz, L. M. {Moscow);
Chaplygina, V. 5. (Moscow)

ORG: None
W \Z' 11

TITLE: Characteristics of carbon diffusion in niobium

SOURCE: AN SSSR. Izvestiya. Metally, no. 4, 1966, 139-142

TOPIC TAGS:* carbon, niobium, metal diffusion

L

ABSTRACT: The nature of carbon diffusion in niobium is studied as a function of struc—

‘ture and surface state. The specimens were melted in a vacuum arc furnace, forged and :
heat treated at 2000°C for 10 hours to produce a uniform structure and relieve inter-
nal stresses. Carbon diffusion was studied by autoradiography combined with micro-
structurel analysis. The niobium specimens were diffusion saturated with redioactive
carbon at 900°C for 2 hours. Three types of carbon diffusion measurement in the sur-
face layer were compared: 1. directly after stabilizing annealing in a vacuum at

I
|
l
|
1

v

-2000°C for 10 hours; 2. after stabilizing annealing and mechanical destruction of the |

surface layer by polishing the specimens on glass with abrasive powders of wrying
granularlty and by preparation of a microsection; 3. in the oxidized surface of & mi-
ncrosectlon. It wvas found that considerable diffusion of carbon tales place along the

LCard 1/2 uDC: 5k8.526
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‘grain boundaries of the niobium regardless of the state of the surface layer. The
surface state has a considerable effect on volumetric diffusion. Anrealed specimens
{show practically no volumetric diffusion while specimens with a polished surface show
,considerable mobility of carbon atoms within the niobium grains. This diffusion is
iconsiderably stronger along the subgrain boundaries than in the remainder of the grain
volume. Analysis of the experimental results shows that carbon diffusion in niobium
iconsists of three elementary processes: 1. diffusion of carbon in the crystal lattice
of niobium; 2. reactive diffusion with the formation of a carbide phase; 3. diffusion
of carbon in niobium carbides. The carbide phase is formed chiefly in defect sections
of the structure: along the boundaries of grains and subgrains end also in the less

perfect sections of the grailn volume where diffusion is most irtense. Orig. art. has:
1 table.

/1,0
SUB CODE: @#%UBM DATE: O09Mar65/ ORIG REF: 006/ OTH REF: 005
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AUTHOR: Gubareva, M.A.; Moroz, L. M.

, TITLE: A study of self diffusion and diffusion in nickel alloys

SOURCE:  Protsessy* diffuzif, struktura i Svoystva metallov (Diffusion processes, structure
and properties of metals); sbornik statey. Moscow, lzd-vo Mashinostroyen:ye, 1964, 15-24

: TOPIC TAGS:  nickel, nickel alloy, Kh20N807T3 alloy, 7hS3 alloy, nickei self diffusion,

' boundary diffusion, bulk diffusior, autoradiographic Jiffusion analysis, selfl diffusion co-

: efficient, diffusion activation energy, tin, tin diffusion
ABSTRACT:  The authors present adetailed anidysis of autoradiopraphic dingrams of Jif-
fusien in nickel and offer some qualitative evaluations of the diffusion of tin and seif-diffusion
of nickel in nickel and nickel-basged alloys. They demonstrate the heterogeneity of the self-
diffusion process and the significance of grain boundaries, temperature and coraposition or
structurai factcrs for the processes of self-and hetero-diffusion, Prismatic samples of
technically pure Ni, Ni plue 0.01% B, Ni plus 0.6% W and of alloy Kh20N60T3 were annealed
at high temperatures (1 br. at 1100C, 12 hrs. at 1100C, 9 hrs. at 1200C and 2 hrs. at 1200C,
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i respuectively; all cooled in the furnace 1o M0C, then i free air), then polished clectrolytically

U and clectroplated with Ni®3 (coat thickness up to 1) Plated sampics were homogenize:d in
- a4 vacuum furnance at 700, A00, 1000 or 1200C  Eifects of structurai factors on difiusion

rate were studied on cast or forged samples of alloy ZhS3 which were air-coufed alter 7 hrs.
at 1153C, then homogenized in argon at 804G, 550 or 950C. It was tound that sell-diftusion

; of NI proceedad mainly along the grain boundaries within the range of 500 -1206C. Sent-
’ : diffu~ion coefficients ranged from 2,0 to 56.0- 112 cmé/sec for pure Nuat sdd and 1200C,
- respectively and 0.6 to 28,0 for alloy Kh20NS073 at such temperawires.  The activation
' e€nergy was ?Aé 800 keal/g-atom. Coefficients of tn fidfusion in ZhS3 ranged irom 0. 3 to
23.0-1088 cm /sec (for cast material) at 800 und 954C, respectively and (rom 0.8 to 33,0
z ‘ for forged material. The ratio Qsurf/Qbulk was 0.75, 0.62 and 9.52, respectively, for ZhS3,
A KH20N80T3 andl pure nickel. Orig. art. has: 5 tables and 7 figures. .
i
) ! ASSOCIATION: none
! SUBMITTZD: 09Dec63 DATE ACQ: 28May64 ENCL: 00
’ SUB CODE: MM NO RET SOV: 001 OTHLR: 008
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The Treory ol the Trresral! “heracteriztics ~f the Irctosrannic
Aoparatus (Teorlyn porogovykh khorakteristik rafiruyusherne-
go pritora)

I. The Fcle of the “pticsl Jystem ~f the ippara“us in the
Case of Individual 7Y jects in the Vision Area "4ol' apti-
cheskoy sistemy rri'ara v sluckave otdel'rykh ot'vebtav v
pole zreniy=a)

“rurnal neuchnoy 1 crikladn~y fotosrafii i kine~ctoerafii,
1958, 7ol 2%, lr 6, pp 443-:49 ‘713w

The author interpreted the treory of the ‘hreshold cherccter-

istics of photuprephic apparstus at the open sessions of the
Commission for ‘cientific Thotoeraphy and Ciremaitograchy of

the A5 7555 in leningrad and “oscow in “ctoler and lecermter
1857, in this first part he is concerned with *-e contrast

in the rerl imsge in the case of in‘ividual grey oktiects lo-
cated in fields 'righter or d-rker thsn the ot jerets thamselves,
Equations for a determinatinn of the relevant threshnld cha-
racteristics are discussed. It is concluded that, upon a
comparison cf the resulting final equa*ions, it is possitle
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The Theory of the Threrholi "harazceristics cf trne . rac 3.
I. The Role of the 7ntical System of the Aoperratus i he a: dividual
Objects in the Vigion Area

to cover threshnld characteristics also in the cases of en-
tirely different objects, op*ical systems ani photosraphic
apparatus that have scattering properties.

There are 2 graphs, 1 diagram and " references, one of which
is Soviet an? 1 Pritish.

“ecember 17, 10¢7
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AUTHOR:: Moroz, L.P.
TITLE:  Formation of Images of Objacts. 1n & Field which is Brighter or

Darker than the Objects Themselves » by an Aberrationless Optical Systom
(Izobrazhonlye bezaberrataronnoy opticheskoy sistamoy otdel*nykh
obYaktov, nakhod yashchikhsyn v pols, boleye ili meneys svetlom, chaem
sami ob%ekty)

PsRIODICAL: Opti«a i Spektroskopiya, 1953, Vol &, Nr €. pp 692-698 (USSR, s

ABSTRACT: The object is a band in a field which is either brighter or darker
than the object itself. 7This object is imaged by an aberrationlerss
optical system with a circular aperturs. The author obtains an
equation which relates together the object width, its contrast with
the surrounding field, the contrust between & point on the oblect axis
and the surrounding fisld, the 8parture of the optical system and the
vavelength used. 1his equation maces 1t possible to find the limiting
values of each of the listed quantities, when the other quantitias are
given, as a function of the limit of Sensitivity to contrast of the
receiver used. The following special ceses are considercd: contrasg
in & real image of & black band in a bright field as a function of the
object (bend) width, contrast in a real image of & grey band in & fisld

card 1/2 brighter than the tend, contrast in a real umage of a grey bard in a
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Formation of Images of Objects, in & Fiald which is Brighter or iarcsr tnan tha

Ovjects Tnemselves, by an noerrationless Optical System

fisld darkor than the tand. the form of the equation derivid hy ¢ .0
autror depeuds on whethar the object is darcer or brightar thau the
field for a given contraat of the object witn the fielu:. Do aateed
vhich was used to obtain this equation may be appliod 5o orj,nts of
other shapes, to optical systems with other wvropertiss &.i wo .s-0iv,rs
which have scattaring proverties. the paper is enti.oly tisoretical .
There are ¢ figures, 1 table and 2 references, 1 of whicn i3 5ovirt
anc 1 s#nglish.

SUBMITTED: November 5, 1957
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23(1) 30Y/77-4-2-1/18
AUT. OR: Moroz, L.l.
TITLE: The Theory of the Threshold Characteristics of a ihoto-

graphic Instrument (Teoriya porogovykh kharakteristik
fotografiruyushchego pribora 2. Problems Arising
- During the Design and Operation of Fhotographic Instru-
' ments (Zadachi, voznikayushchiye pri konstruirovanii i
ekspluatatsii fotografiruyushchikh priborov)

PERIODICAL: Zhurnal nauchnoy i prikladnoy fotografii i kinemato.rafii,
1959, Vcl 4, Nr 2, pp 81-89 (USSR) :

ABOTRACT - it the open scientific sessions of the Komissiya po
naucnnoy fotografii i kinematografii AN SOoR (Committee
for Scientific Photography and Cinematography of the A0
UJSR) in Leningrad and ioscow in the winter of 1957, the
author stated that the threshold characteristics of a
photogsraphic instrument depend on the qualities of 1ts
optical system and its image receiver. 1f the optical

Card 1/8
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The Theory of the Threskold Characteristics of a Photographic Instru-
ment, 2,” Problems Arising During the Design and Operation of rhoto-
graphic Instruments.

system is non-aberrational with a circular aperture
and the object is a strip of any given width, placed in
- a field lighter or darker than itself, then due to

- diffraction, the optical system will convert each emit-
ting line into a band of energy dispersion. Using the
grapho-analytical method of consideration 1 ;, the
author produced an equation connecting the following:
1) the width of the separate object in the form of a
strip; 2) the linear § or the angular a (in cases when
the strip is placed in a lighter and darker field than
itself); 3) its contrast K with the surrounding field;
4) the contrast K, between a point on its axis and the
surrounding field in the image, formed by a non-aber-—
rational system with a circular aperture; 5) the apeture
of this system (the numerical aperture A or the diameter

Card 2/8
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The Theory of the Thresiol:d Charac . ristics = Qoo wors hic instrue
ment, 2, iroblemsg Arising During the Jesisn wnd e~ -op I Ut sto-

graghic Instrumenss,

D of the entry pupil); and 6) the length of the wave
of the emission A« If the object is darker than tie
field the ejuation looks as follows:
[ 9 r 4 — KL b4 ’).—

O-F8A 5+ Ag (1-5)= Quar 0990 A (- =0 ()
and if the object is lighter than the field; - N

— K/ | — - ’
OS’(AJ-{-—)_,{% :_;%:0 ol‘@y}/ax}‘/{g, T_—ﬁ—a (//

These ejuations “ake 1t ponsible to find the necezsary,

particularly the tnreshold values of each of the enumera-

ted values when the remaining values are siven. By con-

irast the relalionship light-dark is understood in aj}
lignt
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The Theory of the Threshold Characteristics of a _nhoto Z

Zrarhic Irs-py-
Srarhic z
ment, 2, Froblems Arising Juring the Jesign angd vPurztisn of Sno%e-
Srapn:ic instruments,

cases, The authop defires some of LhC otner vilues
ore closely and demonstrates the accuracy of resul:s
obtained by €ejuations (1) ang (1) and other _iven
€quations, and the graghic method of sclution which per-—
mits sreater accuracy. He shows how Lo calculate b
integration {see table) the value of Kiot (image con-
trast in the cage of a black cbject in the field, i.e,
wnen K=1) and to Present in the form of g grapl,
relutionship between Kiot and the values 4 wiere
A=1 Sin 1 - the numerical apertyre of the systenm (n

1s the refractive index of rtie mediom in front of thie
System; u is the aperture angle from the side of tie ares
of the objects), ile lerives equationg (.1 and (Y, (

D .

}‘
H

1

c

2,
and (5') which are Siaplifications of estions (L) ard -
(1"). The author then turns to formulating ani S0lvin: .

CIA-RDP86-00513R001135210009-9"
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ry of the Thresrold Characteristics
:roblems arising Juring tre
Instruments,

typical problems, arising diring the <esign ard
photographic instruments and instruments cons:sti

an optical system and an image receiver. These are
follows: 1) Finding the size of an object of a given
contrast with the field, formed by an optical system
with a previously given con rast on the receiver;

2) Finding the least contrast value between the ob-
Ject and the field at which the instrument will dis-
cover its existence there; 3) Finding the necessary
value of the threshold of perceiving; the contrast of

the instrument’s receiver so that the la ter may dis-
cover the existence of zn object of a given size and
contrast wiilh the field; 4) Finding the necessary value
of the aperture of an optical system from the side of the
image area (in particular, the value of the Ffocal distarce

APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001135210009-9"
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The Theory of the Threshnolg Characteristics Gf & Phobographic lnstpy.

Zent, 2, Frobleng Arlsing During the Desigr. and Cperation Of thoto-
> s,

Ject or & given Contrags With %he field wilg be at tyne

limit of instrument discriminaticn; 5) Finding the

necessary Value or the Dumericg; aperture of an Optical -
System (op the diametep of ite entry bupiy; where an 0b-

)
7) Finding the &reategt distance t0 a givepn Object o

a given Contrast With the fieid, where the inSCSument will
stil] discovep its exiscence; 3) Varioyg Other Problens,
The authopr finally drawsg thie following Conclusiong D) Equg-

T
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The -.:eory of the Threshold Characteristics of a 1n3.0 7 2pn.C _LITT4-
. ment, 2. iroblems Airising ODuring the Design and Cperztion ol .n130-

graphic Instruments.

tions have been derived which c.nnect tiie widih of a
separate object in the form of a strip {(when it is

placed in a field lighter or darker thon itself ), its
contrast with the surrounding field, the contrast between
a point on its axis and the surrounding field in the image,
formed by a non-aberrational optical system with a cir-
culur ap-rture, the aperture of this system and the len;th
of the waves of emission 2) The form of the equabtion
differs according to whether the object is lighter or
darker than the field, at a given contrast between the
object and the field. A connection between noth cases

has been established. 3) The equation makes it possible
to find the rejuisite or threshold values of any of th
enumerated values, when tne remaining values are CIVED,

in connection with tne values of the threshold of contrasv

Card 7/8
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The Theory of t.e Threshiold Characteristics of a ihotographic Instru-
ment, 2. fIroblems arising During the Design and Operation af hoto-
sraphic inslruments.

perception of the instrument receiver 4} Jome typical
problems of threshold ﬂharacferistico, arising during
the design and use of phoographic instruments, huve
been formulated ani solved. an analysis hus been ,jiven
of these solutions. There are 1 tuble and % Javiet re-
ferences.

PuiokL JoD: - December 17, 1957,
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MOROZ, L.P.

Theory of the threshold characteristics of the photographi: mechanism,

Part 4i Reproduction of details in the form of separate slite of

any width and any contrast with the field by the complex function

of the optical system and photographic layer. Zhur.nauch.i prikl.

fot. 1 kin. 6 no.2:130-138 Mr-Ap '61., (MIRA 14:4)
{Photographic optics) (Photographic emulsions)

5 R e S L S e B i
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Imeging of geparate linear objects of different vidth and contr

agt
vith the field surrounding them by combining an opticsl &3 tem and
a gramlar layer. Opt. 4 spektr, 10 po,23:249-256 F 161,

(Optics) (MIRA 14:2)

5 E‘gr“.’!&-" G ?,;E‘F‘
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L3408
5/051/62/013/005/014/017
o E032/E314
AUTHORS ; Kirilyuk, Z.0. and Moroz, L.P.
TITLE: The effect of stra;mlight on the diffraction pattern
of isolated line objects
PERIODICAL: Optika i spektroskopiya, v. 13, no. 5, 1962,
734 - 739
TEXT: Stray light due to sources inside or outside an optical

instrument is superimposed on the image produced by the latter and
may have an appreciable effect on the threshold characteristics

of the instrument. The formulae derived in this paper

may be used to take into account the effect of the background,
whatever its origin, on the contrast of the diffraction images of
line objects (wires or slits) and their immediate neighbourhood
for different object widths, wavelengths, aperture of the systems,
contrast between the object and its immediate neighbourhood and
contrast between this neighbourhood and the general illumination
field. Using the approximate energy-distribution in the
diffraction pattern of a luminous line, derived in earlier papers
(L.P. Moroz, Zh.nauchn. i prikl. fotogr. i kinematogr., 5, 81,19Y59;

-Card 1/2

APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001135210009-9"

"APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001135210009-

9




"APPROVED FOR RELEASE: 07/12/2001

EH e

CIA-RDP86-00513R0011352100

R

$/051/62/013/005/014/017
The effect of eces E032/E314

Opt, i spektr., 10, 249, 1961), explicit expressions are obtained
for the threshold widths of dark objects for difterent contrasts.
These expressions have been verified experimentally by the micro-
photometry of diffraction patterns due to wires 0.02 - v.l mm
in diameter with differently illuminated backgrounds. The results
obtained are summarized in a numerical table which indicates good
agreement between experimental results and the theoretical formulae.
These formulae may therefore be used in practice to determine any
of the quantities listed above when all the others are given.

There are 2 figures and 1 table.

SUBMITTED: October 4, 1961

R R RN 0 R | L
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MOROZ, L.P.; AYUKHANOV, A.Eh.

Possibility of determiming the effective depth of the yield of

gecondary electrons in the lon-electron emission from dielectrics.

Izw. AN 9SSR, Ser.fiz. 26 no.11:1322-1327 K '62,
(MIRA 15:12)

(Secondary electron emission) (Dielectrics)
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: MOROZ, L.P.; AYUKHANOV, A.Kh.
Use of the secondary ion-electron emission method ir the
comparative study of the depth of penetration of various
ions into dielectric films. Izv. AM SSSR. Ser. fiz. 28 N
nn.8:1395-1400 Ag 64 (MIRA  17:¢)
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MOROZ, L.S.
Sensory innervation of the cranial mesenteric arteryufvf.;? summary
B ,aksp.biol. i med. 43 no.3:107-110 Hr .
{n Bnglish], Biul.eksp e 10:7)
1, Iz kafedry naormal‘'noy anatomii (zav. - prof. G.F.Ivanov [decea;ed])
I Moskovskogo meditsinskogo {nstituta. Predstavlena akudemikom A.D.
Speranskin.
(ARTRRIZS, MESENTERIG, innerv.
gensory lnnerv. of cranial mesenteric artery (Rus))
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The role of diffuglan n cementstion dFe MG
kiov and L. 8. Mores. Sl [N 4.0, 1, No #, 47 &
i of. C 138, AT - Two kinds of diffusion are
ccvognized ot the present: a “ecactive’” and & “pure’’
tn the foruer a chem combination is formed on the sur-
face of the cemcuted material white in the latter the
Aiffusing atoms transhocate throagh the ceyst. latinns of
al. “Reactive’’ diffuson s caemnph -
fied hy the formation of casbides when Fe 1 cemented
with ¢ The dmiplest case is the cemientation of a-Fr
Ihe provess i mure compley when a ateel alloyed with
carbide forming cleinents a cemented.  To study this
process steed specimens were wtd. 10 8 varying degree with
W or Mo; then these were cemented in & mixt

of charcoal Gt and Ba W%. The realts of this douth

cementatinn are detailed and ilustrated with photomsyae-
M Howh

graphs
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Mochantem of diffusiva of vasious eletuents o lmn.nd
atckel M (o Uknov andd L5 Morue J lerh 'k

oS N Ko e w1l Cyludical (llum:/
mm |, height 20 uann . atmples ol Arin R and, elceid-
Iyt nu byl are cenented Mo, W, St and He |. "*h,
with unidal iy en Talral, g tenp fruin R0 [ Y]
np o Jad e Afret soolipg, 003 et 1ty tHuck dives
wre tusued off amd sithgected 1o (e, i rographi amd
aotay amabysn P bve, Cor Awaml Ag hiest (b Ind

fusson of Mo and W oan b after shost rementations l.\h".
4 hre at N1 oam 2 hr - at R0’ o et o,
W 2 hesoat Pl ot |ty at 171 the dilnvon layes
cotisiats uf i wlns of Mo (W, 10 y-Fe, after qu:;cr
diffusions (Mo, 25 Leeoat pawr’ . W, 2 hry. 6t [P LM 4
12 hes we 12wy, the first layvr s an terretaibe compd.
(Fe.Mom. beeW e e utaed layer @ solid wln. of Mo (W)
woa-le Plots ol Moot W content aganst thu k-
wan i difluan Javet Jhow, i the saw of sliciently
lang e ntatines, connt Mo Lt W ovaienia, oot

responding L that oA the mtcmerailn compd , in laycrs
0142 mm chu b, 1T POLLINY of the conditions of the
cemicntatiom temp . Jurnton:, ut 8 definiie thickness,
these 15 & sudden drop o the Mo (W) centent, whwh now
beaetics dupw ndes of the duration amd temp and de-
croiaes wth acreaung thickness (27 [_)lﬁuamn' of ™
m ko W min at 1, swhd soln. of S0 a-Fe, 19
hrs. at 1120, tirst layer compd. For 1145 S0, ?-Cnnd.-
layes HROL S WD e wn Fe. 10 hn at HEN® tae 3
bre  at ST, first dayer FelBley, second -layes ron'tpd
with solid «oln of Te m a-be 18 ac Ber  Plot of € Be

at TaLiURGK AL LITERATURE CLASSIPICATION

Ade-YL S
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compd i the pare uietal, the furmer rate i

against thiokue s, b the s boest L hue L shows |»n|nl:
200 He up to 0 1N e imping widshonby to 807 an

then dectrasng to 20 4t it nm oM Ny
w4t e, sedid sdas of S Nt 1 hr o oar ot fieete
hawet sosngl iRy w ool bl st L @ % M, L0 hesy
ar BT, frat duyer NSt woonl wolid solu, B4 8
Wy Ni F he ot war, campd N, o changs
of phase and compn ocvurs in fonger cementation, gt
to 0 hes at W0° the came comped growe s thubie
s illians pres veds, wathout wdergomng win 46 Be
i N difTusion gives e feom the vutret to fortnalunt
of compd N1 Ben, sccond layer (10 Rrs at W67 or ©hrs
at 105171, sohd win of fie N1 From the loregoing
results, substantiated by nwtallography, analysis and v
ray evidence, it 1o inferred that the nirst stage of wolud
diifusion «otisists mosalud sola fullowedl suon by coaged
pariation, e tahes place de went as the rate wt chem

itetetm Hon vutgrows the rate of win ol the ntermetalin
practrally

(Y

only dependent on the teinp | and anvacatde with tune
while the Latter stroo v decroases with progressang M:
fusion  The solud diffuson presess here mvrulga!’c(.i te
rermed  Creactive’’ difusion, as opposed to the Cpure®
or phvs diffusion exempt of chem mreraenon It alae
o htded that a-Fe has a higher reaetivity towarnd -““
W, S, Be and § than v Fe N Thon

.
[ B4 RS

IERTR
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H«hnumdmocﬂeaolhfh eelicg oa the Rard-
aess of steel. 1. S, Mocus Teck. Phve (U SS.R.)
10, 171-8H 1A} On amples of 3 ditferent castuon
steels, 14 X 14 X 1 inm., quenchat i 10,
at 4-8°, annealed, the Heincll bardacss 8 (in mm., at a
load of 300 kg.) plotted agaist the carton content
(0.12 to 0 4R} shows linear increase of H with ¢.C at
any given anuecaling tempr ¢ Peralicl viraght lines are
abitainicd foe varions fe, exsimpde (feon graph) 2 hes *
anncaling at §0, (30, MR, G707, reap, loe 127,
B w38 07, 41, €5 mm, cosp ., (e V4R C, A =
13.18, 3.4, 3.85, 4.2 mun., res 8 Since it was shown by
-y Invuugalioﬂ\ that the C coutent of the a-phase an
-nncqu at a const. { above {7, docs not depend oa the
total “{ C of the steel, the lincur increase of with <;C
is due lo the carbede phase. The vamation of 8 as a
function of ", C coasists in a chang: of the resistance to
deformation of the a grains as an effect of the amt. of
carbide. Kxtrapedation of the A.°,C hnes ta 0F, ¢
gives the harduess of the tuunogencsis o pliase, the ervoe
involved i the gvaimption of & dapprearanee of the
carbude at strtctly 0 = O beiog of Dttde O
Cif the carbide phase disappeared at 1, O onstead of
at 0 C, the harduess of o fanncaled at l(ll ) would be
3.52 mm. as against 3 653 mm  extrapolated to 07, C.

wora

DoAY E BL A SETALLURGICAL LITIRATLEE CLASVPICATICH

Thg SV Al v

PECEIIES 20D PUEPTRT HE Ll

NaOH sola. .

Ihrect detn. of the harducss o the fernte. by way A
decartomation (8 X N X § mm suonples g strean of
bamid Hy at Wa® foe 1N hea | feom o0 120 30 4wl 0 00,
C down to 00037, gives the ame B DOm0 oas
extrapolation to (7, C of teels tompere] and Jowly
coolen].  That the lineanty of A a¢ & function of ', 0
trolde dawn to the very lowest U tent v showis an
0.4, C ateel uamgdes, snuealed for 2 hes ot o, s,
LA B e 06, 38, 418, 88D i, resp L the same
steel tespered gnd qortialized, B = 568 The parall hon
of the 8-%C lines proves that the mechamsm of the
effeet of C content on the hardness idoes not vary with 7,
it ather wonds, the handness is not deted by the disperaty
ol the cartude, of that were sa, the 3% line, corn speascding
to the bigher dispersaty of the carbule . woubd have to b
steeper than the 4707 Line, whervas actually they are
parallel. Variation of the hardones f carlem oteel of
- gven C oeontent, in terma o £ v due entindy 1o a changre
4 the peopertics of the o wilid swdn The # 0 hiaes
remaein paeallel if the durstion of the anncaling o v eged
hetween 45 witn. ad 100 hres . at cuch 1, proveated
wnucaling oaly shiflts the liae pasalicl to tscll 16 lower
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ee rdness s Lonwqucatly, the LR T TR Y P oo .
which occurs on H0 he * antiealing 4t both 4v0 .0t [ 1 2.
(Y ) dars not alter the nature of the varsstoo o H oot o
e o0
U the olnerved slift must agam tn ogsorile 1 the
phase 10 the space dugram A, 1, *, 0, claige of B on [ X ]
the B.7.C plane 1a detd. salely by the cartn-b prhidse. PP
the H.1 «ction solely by a chauge of progerties of the .,
phase. FEvidently, the diam. of the cartnde articles [ T J
attains a critical value on annealing above dvi | 4.
persity can onlv be a detg facter at anneabing 1o oe
o8 belowg 40017 1t mast be concluded that the devutapn o [ X ]
martenute s onot evengdeted at 50 HY° a1 commonly Y )
assurneee], bt coantinaes up to 670" AT -
[ X )
e
o0
o0 i
[ X ] o
[ X J o0
o0
[ 1 ]
[ 1]
[ X J
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State of «-lron in Anncated Marteasite. iln Ru=tan
amd Yu S Terminasov Zhurnal Tehh
of Technival Phy=iesd, v

The above was nvestigated by X.ray diffraction
uning specimens of carbon steel water quenched

from 900°C. and annes

led for different peviods

and at different temperatures. Method of vxperi-
mental investization is described. Data are charted

and tatulated 12 ref.
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BOOK call No.: TN672.V8
Author: MOROZ, L. S.
Full Title: STRENGTHENING OF ALLOYED IRON IN THE PHASE TRANSFORMATION
Transliterated Title: Uprochneniye legirovannogo zheleza pri fazovom
prevrashchenil
Publishing Data
Originating Agency: All-Union Scientific Englneering and Technical
Society of Machine Bullders. Urals Branch
Publishing House: 3tate Scientiflc and Technical Publlsh1n§ House
of Machine Building Literature ("Mashgiz )
Date: 1950 No. pp.: 11 No. of coples: 3,000
Text Data
This 1s an article from the book: VSESOYUZNOYE NAUCHNOYE INZHENERNO-
TEKHNICHESKOYE OBSHCHESTVO MASHINOSTROITELEY. URAL'SKOYE OTDELENIYE,
THERMAL TREATMENT OF METALS - Symposium of conference (Termicheskaya
obrabotka metallov, materialy xonferentsii) (p.225-235). see AIL 223-1I
Coverage: Substantial Increase of hardness of practically carbonless
alloyed iron at tempering 1s discussed. The experimental
results indicate that the hardening ofoc-iron crystals oc-
curs because of deformation at vnlume change in the process
of phase transformation ofg(Feﬂ>J(Fe, The appearance of re-
sidual stresses 1in the crystal lattice and the breaking up
1/2
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prevrashchenil

of the grains create the strengthening of alloyed 1lron which
is the substance of "phase hardening'".

Comparison of physico-mechanical propertles obtained by the
phase and mechanlcal hardenlng leads to the important con-
clusion that the strengthening of alloyed ilron at plastic
deformation and heat treatment is subJected to the same laws
of mechanics of materials. However, the mechanlcal state of
crystal lattice at "phase hardening” has a speclal nature.
10 charts, 2 tables.
Purpose: For scientific workers
Facilities: None
No. of Russian and Slavic References: 5 Russlan (19%1-4%9)
Available: Library of Congress
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Causes for the d'ffusion of Interfererce Yinis »n L-rev riates ©f rariened
free alloys of iron, Zhur. tekh. fiz. 72 no, *, 1952

9. Monthly List of Russian Accessicns, Library of Congress, _Awust
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Card 1/1

Author : Moroz, L. 5.

Title : Significence of plasticity characteristics, reflecting certain sides
of the physical state of alloys

Periodical : Zhur. tekh. fiz. 2k, 425-432, Mar 1954

Abstract : Exgperimentally establishes expediency of considering separately
uniformly-distributed and concentrated deformations of alloys under
tension and discusses significance of each kind of deformation in
investigation of various factors which have effect on physical con-
ditions of alloys. Studies deformations of carbon steel and its
characteristics, such as y’eld point, tensile strength and reducticn
in area, versus chemical composition, structure and heat treatment.
Fifteen references, all USSR; most 1948-1952. Graphs.

Institution

Submitted . September 18, 1953
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RN 11CR07, L. S. ‘ |
' USSR/Metals - Hardening FD-ube
Card 1/1 . Pub. 153 - 12/if !
i Author . Moroz, L. S.
Title . The phenomenon of internal cold hardening during the pclymcrphiz ~on-

version cf gamms-Fe to alpha-Fe

Pericdical . Zhur. tekh. fiz. 2k, T05-T1h, Apr 1954
Abstract . Investigates the influence of volumetric variations, during the pcly-

mcrphic ecnversion cf gamma-iron to alpha-iron, upon the internal
structure and mechanical propertiee of alloys. Attempts to conne~t
the toughening caused by cold hardening of the alpha-iron crystals.
folicwing the changes in volume during the conversion of gamma-Fe tc
alpha-Fe. with the changes in the mosaic structure of the alicye,

fnstitution @ - |

Submitted . September 18, 1953
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i a.

AL'TGAUZRN, 0.N., kandidat fiziko-matematicheskikh nauk; BERNSHTEYN, M.L.,
kandidat tekhnicheskikh nauk; BLANTER, M.Ye,, doktor tekhnicheskikh
pauk; BOKSHTEYN, S.Z., doktor tekhnicheskiih nauk: BOLKHOV ITINOVA,
Ye.N., kandidat telhnichesikikh nauk; BORZDYKA, A.M., doktor tekhni-
cheskikch nauk; BUNIN, K.P., doktor tekhnicheskiih nauk; VINOGRAD,
M.I., kandidat tekhnicheskikh nauk; VOLOVIK, B.Ye., doktor tekhniche-
skikh nauk [deceased]; GAMOV, M.I., inzhener; GELLER, Yu.A., doktor
tekhnicheskikh nauk; GORELIX, S.S., kandidat tekhnicheskikh nauk;
GOL' DENBERG, A.A., kandidat telchnichesicikh nauk; GOTLIB, L.I., kandi-
dat telkhnichaeskikh nauk; GRIGOROVICH, V.K., kandidat tekhnicheskikh
naukc; GULYAYEV, B.B., doktor tekhnicheskikh nauk; DOVGALEVSKIY, Ya.M,
kandidat tekhnicheakikh nauk; DUDOVISEV, P.A., kandidat tekhniche-
skikh nauk; KIDIN, I.N., doktor tekhnichesikilch nauk; KIPNIS, S.kh,.,
inzhener; KORITSKIY, V.G., kandidat tekhnicheskikh nauvk; IANDA, A.F.,
doktor taichnicheskikh nauk; LEYKIN, I.M., kandidat tokhnicheskikh
nauk; LIVSHITS, L.5., kandidat tekhnicheskiich nauk; L'VQV, M.A.,
kandidat tekhnicheskikh nauk; MALYSHEV,K.A., kandidat tekhnicheskikh
nauk; MEYERSORN, G.A., doktor tekhnicheskikh nauk; MINKEVICH, A.N.,
kandidat tekhnicheskiih naulk; { L.S., doktor tskhnicheskikh

. nauk; NATANSON, A.K., lmndmat%%ﬁ@emkh nauk; HAKHIMOV, A.M.,

inzhener; NAKHIMOV, D.M., kandidat tekhnicheskikh nauk; POGODIN-~

ALEKSEYRV, G.I., doktor telkkhnicheskikh nauk; PQPOVA, H.M., kandidat

tekhnicheskikh nauk; POPOV, A.A., kandidat tekhnicheskikh nauk:

RAKHSHTADT, A.G., kandidat tskhaicheskikh nauk; ROGEL'BZRG, I.L.,

kandidat tekhnicheskikh nauk;

(Continued on next card)
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AL'TGAUZEN, O.N.---- (continued) Card 2.
SADOVSKIY, V.D., doktor tekhnicheskikh nsuk; SALTYELV, S.a.,
inzhener; SOBOLRV, H.D., kandidat tekhnichesikikh pauk; SOLODIKHIN,
A.G., kandidat tekhnichesikikh nauk; UMANSKIY, Ya,5., kandidat
tekhnicheskikh nauk; UTBVSKIY, L.M., kandidat tekhnicheskikh nauk;
FRIDMAN, Ya.B., doktor texhnicheskikh nauk; KHIMYSHIN, ¥F.F.,
kandidat tekhnicheskikh nauk; KHRUSHCHBV, M.M., dokter takhniche-
skikh pauk; CHERNASHKIN, V.G., kandidat tekhnicheskikh nauk; SHAPIROC,
M.M., inzhener; SHEKOL'NIK, L.M., kandidat tekhnicheekikh nauk;
SHRAYBKR, D.5., kandidat tekhnicheskikh nauk; SHCHAPQV, N.P., doktor
tekhnicheskikh nauk: QGUDTSOV , N.T., akademik, redaxtor; GORODIN, A.M.
redaktor izdatelistva: VAYNSHTKYN, Ye.B., tekhnicheskly redaktor

[Physical metallurgy and the heat treatment of steel and iron; a
reference book] Metallovedenie i termicheskaia obrahotka stali i
chuguna; spravochnik. Pod red. N.T.Dudtsova, M.L.Barnshteina, A.G.
Rakhshtadta. Moskva, Gos. nauchno-tekhn., izd-vo lit-ry oo chernoi i
tsvetnol metallurgii, 1956. 1204 p. {(MLra 9:9)

1. Chlen -korrespondent Akademii nauk USSR (for Bunin)
(Steel-—~Heat treatment) (Iron--Heat treatme:*)
(Physical metallurgy)

BN,
L

Ly
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HOBQA . law. Salomonavich, LAKHTIN, Yu.M., redaktor; VALOV, N.A., redaktor
{zdateliatva; BVEHSCH, [.M., tekhnicheskiy redsktor

LPine structure and the atrength of steel] Tonkaia struktura i

prochnost' stali, Moskva, Gos. nauchno-tekhan. izd-~vo lit-ry

po chernol { tavetnoi metallurgii, 1957. 158 p. (MLRA 10:6)
(Stsel--Matallography)
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Transtation from Referativnvy 2ruroa, Metzooavoovs % No L2 5 09, LSSR\»

AUTHORS Morosz L S Kresin Yu D M oog:n T F Clernerson NV

TITLE The Strenpth of Titantum cProcinosy et

PERIODICAL V sb Metaliurgive Moscow: Lerntngrad AN SSSR 937 po 172~
193

ABSTRACT Annves'ivation was made of the effecr ot Tow temperatiares  ra'c and
tength of load ny ' me notch ng and other external factors on the
modulus of runture of ndust - al T smelted 'noan crec ric-arc vacuum
furnace Tie authors discovered o stavp difference in sens vty to
notciring 'SNn metals of separate smellngs which was determined by
the ratio between tie spec fic deformast on wo k of impact strerciing
of smooth spec mens and the ap of notched Mesnage: -1vpe specimens.
T1 which Fus o bigh SN 1s also sensitive 1o the state of 1he surface

notched specimens  Tre max mum H o content of (ONSTT S P IP A
with which Tt retains 4 tolerable SN but ths frgu-¢ may vary deoend-
ing upon O and N content  The sntens -ty of the o dfect of Hoon tie ak 1s
determined by the size and type of T'H precipitation ahi I depends
upon the coohing rate from the temperature of - 4002C Statie
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AUTHORS: __Moroz, L. 5., Dr. Tech. Sc.; Nemchinskiy, A. L., Cand. Tech, Sc.;
ashkov, P, é., Dr. Tech, 8c., Prof., Shurakov, 8. 3., Cang,
Tech. Sc¢.; and Bendryshev, 0. L., Cand. Tech. Sc., Heac of the
Central Factory Laboratory (Tsentral'naya zavodskaya l:boratoriya)

TITLE: Brittle Breakdown of Steel and Steel Parts (Khrupkiye razru-
sheniya stali i stal'nykh detaley)

PERIODICAL: Zavodskaya Labcratoriya, 1957, Vol. 23, No. 1, pp. 123-125
(U.S,S.R,)

ABSTRACT: The first four of the above authors present a review of the

book, "Brittle Breakdown of Steel and Steel Partgn by Ya.
M, Potak, which contains 389 pages and is published by
OBORONGIZ, dated 1955. These critics find that the acthor
used much material based on his own investigations, They
state that the book filis a need in the metallurgical in-
dustry and contains little that merits criticism. The
author listed last above, Bendryshev, makws a separate re-
view and finds that the book w11l acqualnt wide circles of

Card 1/2

- PROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001135210009-9"



L

. T.
Mrtallowedmuire; sberaik stetay, lvyp.) 2 Otedy of Mwtals; Collestion i
< D] 2) (lemtagrad] oetgragis, 1550, (55;. af,ano wonten primen, | riisies,.

FEACR 1 EXK EXFLOTTATION

PURTQsR: muummmummw.
valme af collevted ']
s
(3

COVERAGR; This ia the second

ey, B, . - .
Lr:hm,&mummm;&. Te. A, Krugera; .
LB

1 e

APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001135210009-9"



CIA-RDP86-00513R001135210009-9

"APPROVED FOR RELEASE: 07/12/2001

o1/l mw

vy
Wivy jo mFTAIE nFIIM  C(&Isuiuomy puv DSotomyoal Jo 8Im[3EUL YAIvey
@ S13TICIIOE [WIIVED - UEVKLIINGL) vUlaawg CW°E POV Craty 'asedandipiy

remPIIwd (W 3O AT Twotedd  INRAL ‘dA POV 4y ‘TwmEITO

Y0013 TPU0D) aImawadnms - ac] JITTN $IAIE 1owdyy Fang uollwasc)ag JTISVIY
VAT o eeuwiajea, (acSeay 'YSED ‘vesueiop jo Swerwry (Buliervivl
veTTNCo Y SO MnaTIeul] L3I TACGIDI-  TUMBOTOA CWI'RL PUe fpcertTTIE
Puidy jo reasSeq

Parlrwa 2033y 66-A LI KOTTY (eME Jo #ojrsadnrg TWOITWIIM QY U0 W
aoyywmia; eq WPIR ¥ JO SUNIiT  TRUAIFTEYS YGix puv 'tk TITURTRAToY
297pOg

0130w SO DOTIWRICjaq STEWRAT ewd UT ATiiaiesaidsoy jo M1 T.-J.Numd
‘YEEN ‘90oueIE Jo Amopwsy ‘woisdud paiTddy jo samyied]) vV Vot

uo.\l A.ano!c.u.& uv'uuuu-uu.iu.ﬂuoag-.:ﬂ 83!2
-w ®q3 ©O !uﬂ noYiwmrcsag o wOCMUIu] .rﬂﬂvdnﬂu ‘penn ‘ssoueidg 3G

Iasvecy ‘eo7slud peitddy jo eanijiecl) iSTwIeng 'voA POW (4 TntA

mfuang PotiIve

;o wiemg jo amydry pov Sojiwmiojag d13eVid FulITg ~Wme_..E\mP
o essmism -ESWIISL TETY pow fa0TW VTL f(peevedsp) WTE TOTPUMASH

ArE mnn:oouﬂulﬁb'nﬂcna"
. oAETYNTY-wn JeoIYd 30 T armnsdry
' ﬂ—am..n.ou w30 1003]%  C{adasLadny taoqedodny (UeaT #3INITINT] TERIINW

. seqeiodmy P ‘wasdeiolrg 13T IMIISTT Leu, Terazwnpul) Y TAGIWTG

LoTTY TO%E S33FSeneny jo Jalv] ywuexy T mJ; Temg SNTL
o FuyTOpIW PO “wab{da ‘Q v [P and aF St Aoz

mTmnI) Jo

ey 3

setaredalg IS0 DUV FUITINIE PIOD o f319md Jo sarfag ey jo ouanll

—ap - AOOWCM ‘WESn ‘eevsetop Jr fespwry ‘wminyT3U] .ndo«uuad«u.n..-- n»mm
‘9 *ypeE gy TIRNTIViam Ir3Taedl) aoxywrehaITTY"R VIV VA

SWIMIONIE 30 S OURTIIIIG JedwR] i pUv sejvpUnog TIWID MIOMeNY Je
:Snrrzuw:um m»ﬂ.»ﬂﬂ.ﬁ ‘ypen ‘9acoeydp Jo fwIapwoy ‘wouey %
v 303 wam ey wXnTIAl CRE PUW  fyxexoreg “TA ‘B0 T ACNTONY

sOURLINGIQ §1] TO #TOTITPUOD RUTINR] TWO UM P -ua!g "Iy
Puw Teeip 3O ITMITIIIGES CaSAIT e G SRR - ey -

efoTTy WWIOWITL eewad-oAL JOAR
-eazlaqEy FEPOIpA T3 SO ColIWTiemMT] YR Q-RL POV (BT FTW

CETPTAIY TOUe JO TTS &3 39 TGP ATE ReoTaolqy  Ca0XTIplAW] loseojOr] Je
eT1so0d LioisSTpaIity @t 37 peomiTas ale pejiijlvecsaad gnatsong TR Ewuon
30 esjacedocd TeSyTwoAm pow ‘A3IieOTd Snfoaiys &3 3o sesiqoad Twiouml
TO® ‘sTmim jo emPliwg ‘ETVIIMMUE o soriladoald TwWiTwaam oyl oo poads noTyw
-mlojep jo S3USLTITY ‘EEIRITIIIIE PTOD ‘I0MDOTISIIGHA DAPOIpLY ‘ssecoTiing
Jafne ‘L31033sWIe 3oagraiw; jo yoasoueyd ‘slwitezws 33 yFuane K WA

Teop emoTasw aq .,n&ﬂw TPuI] JC IR0 W PUW (G467} I0QqUY Jo Iocvwy P

a o 3oprp Ay {CH61) 215K TTIWSS SR 3o isejdioar ‘(ean3jied) ojmeey
-£T0y padTITYY) 3NeTIony AMEICIiTmmTIod AYINEIPUTIal oqy v (Smrtwmat
—Juu-»f 0 imamawday) wTITTACTIWIM CFOXWXDIITE $9%, TR 73 JOo Jepmag
“¥ren ‘weonetss jo Lzupwoy ‘ealedng perTddy Jo oInITIUT 693 av(eTwirein

30 TIFTANE M3 Jo 1Tamiawiay) actviIsmws Jisouyoasd (AP0 WY JO pEy pUe
10pmnog ‘WEOGEITE jO AWIPWOY TUITRIND Gy SO I0QEAY ACTTIDTAW] oTaaleToniR
Letoutg jo AWITISIG WOE AN S0 SOTIMCGAmOd UT (UKEN ‘ee0ustg jo Lespwoy

‘eotefng pOTTAdy 3O Oun3TINUI) UEES Ky 3MTIsTl £370 SOTUIE OIS O PUW

(se0RETE TWTIWAIW FTY T8y Jo 2nanavdag) HEFS HY ¥TWO WXTYeOIIWEN W

~ouI¥T; ALITSTOPIO O L7 PETIEMOS WA TISY JO VOTIDITIOD #IRY  CEOVIIIACD

cpTiIonws O nifuarnis aqy U prasalanul stoeled Jwn0 puUv IS8T
- -opsdfud ‘wasiPoroTIoM ‘ s2veuTRUs DOTISNIIE00I Jo) PIAPIMCT T WO Y rEoqund

+('7q cdsmy £3ndag) eI TRCTIRAL JO AWIPTR

‘a33a1 g g fJossmjaigd ‘seousi.§ TEIITIIA JO JUIdA ‘gupliy g vl fseousTgy
TwotTgoay 30 3o30aq ‘Acuadeng ‘Y CA 1920UUTNE (WIITRAIWK PUW Tl

30 3o3oag ‘EISFIZ Y U fSuessjeyyd ‘esvuelig twTTERA Jo 2000y { wEATID

oy 1 1(-pE rdewy) SOSPRIO ‘DEODITIG TWNILTRMIW pUw Twotsly Jo 30300

cEmApITY ‘A D °
J-HMNL.,.m u ..8>.nwaw frotel,Juay ‘1 A :ownof PUTNeTIC JO P

: B e L v T 3o el
an»nM«CElmMMW MMM&SF-. rmﬂwthk“d.wiu chv._!.a 13suvgoaid Meatqasd alirojoxwg
HEEE Ynwe ulywopexy

SEET ACE KOLLYLIOLYA %008 1 REVHd (9)ez

CIA-RDP86-00513R001135210009-9"

APPROVED FOR RELEASE: 07/12/2001



"APPROVED FOR RELEASE 07/12/2001 CIA-RDP86 00513R001135210009 9

MOROZ, L.S., doktor tekhn.nauk; MIGIN, T.E., ingh,

Mechanism of the hydrogen embrittlement of steel. letallo-
vedenie 3:51-57 '59, (MIRA 14:3)
(Steeleliydrogen content)
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MORV(_)_Z_,_”L.S.,_ doktor tekhn.nauk; KHESIN, Yu.D,, inzh,

Study of the mechanism of hydroger embrittlement of titanim
and its alloys. Metallovedenie 3:74-87 '59, (MIRA 14:3)
(Titanium—Hydrogen content)

TS

APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001135210009-9"



"APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86- 00513R001135210009 9

SRR S e S S e e e

Voo

MOROZ, L.S., doktor tekhn.nauk; KHESIN, Yu.D., inzh.
o 4 1 denie 3:312-
Anomalous metal grain growth in vacuum. Metallove er(ll-S:A 22

1
313 159 (Vacuum metal lurgy)

(Metal erystals--Growth)
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Titan { yego splavy, tom 1: Tekhnicheski chistyy titan (Titanium and Its Alloys,
Vol. 1: Commercially Pure Titanium) Leningrad, Sudpromgiz, 1960. 515 p.
Errata slip inserted. 4,200 copies printed.

Ed. (Title page): L.S. Moroz; Ed. (Inside book): Z.V. Vlasova; Tech, Ed.,: N.V,
Erastova,

PURPOSE: This book is intended for scientific workers, plant engineers, and
students in advanced courses in schools of higher technical education and
tekhnikums, It may also be used as a manual for designers and industrial
engineers (vith the exception of mechanical engineers).

COVERAGE: The book presents data on the structure, phase transformation, and
physicochemical and processing properties of commercisl 1y pure titanium,
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Shape-casting, vacuum metallurgy, plastic deformation, welding, and soldering
and brazing processes for titanium are discussed. Special attention is given
to problems of constructional strength and to titanium reduction processes,
L.S, Moroz wrote section 1 of Chapter 1, Chapter 2, and sections 1, 4, and 6
®Er 3. B.B, Chechulin wrote sections -6 of Chapter 1, sections 2, 3,
and 5 of Chapter 3, and Chapters 4 and 9. I.V. Polin wrote Chapter 5;
L.V, Butalov, Chapter 6; S,M, Shul'kin, Chapter 7; and A,P, Goryachev,
Chapter 8, The authors thank AV, Smirnov for his advice, and I.A, Bytenskiy
for asgistance in editing the manuscript. References accompany each chapter,
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AUTHORS: Moroz, L.S., and Khesin. Yu D. (Leningrad) s

TITLE: Investigation of the Mechanism of Hydrogen Embrittlement
of TitanjumAand its Alloys

PERIODICAL: Izvestiya Akademii nauk SSSR,0tdeleniye tekhnicheskikh
nauk, Metallurgiya i toplivo, 1960,Nr 1,pp 111-122 (USSR)

ABSTRACT: The object of the present investigation was to study the
effect of hydrogen on the mechanical properties of a-Ti
and titanium alloys of the @ and q+3 type (the
Constitution diagram of the Ti-H system is reprcduced in
Fig 1; wt-%, top scale, at-Z, bottom scale)., The
experimental materials comprised: technical purity Ti
(U.T.S, = 55 kg/mm2 at room temperature); a two-phase,
Ti-base alloy containing 2% Mn, 1.3% Fe, 0.8% Cr,

1.2% Mo and 1.24 V; a two-phase, Ti-base alloy

Containing 5% Al, 3% Mo and 3% V; and a g-alloy,

containing 15% Mo. After hot working, all these alloys
were finely-crystalline with the average grain size of

0.0% to 0,07 mm, after a vacuum treatment (15 h at 700°C)
their hydrogen content was less than 0.,003%. Two methods
were used to introduce hydrogen into the test pleces thai*//

were to be employed in the subsequent tests: the

ot
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electrolytic and high-temperature diffusion method.
The electrolytic treatment was carried out ina 0,1 N
Hp80y solution, containing 20 mg Asp03/litre, at a current
density of 0.2 amp/cm? , After 2 h treatment, the
concentration of hydrogen in the Specimen varied from
about 0.2 wt-% in the surface layer to 0.1% at a distance
of 0,1 mm from the surface, and 0.01% at a distance of
0.2 mm from the surface, The high-temperature diffusion
treatment was carried out at 700 OC, hydrogen being
obtained by decomposition of titanium hydride; after the
diffusion treatment the test piece was heated and, to
avoid the effeacts of ageing, the mechanical tests were
conducted within 24 h, T determine the effect of heat
treatment on the constitution of the alloy, the effect of
the quenching temperature on the structure of the at+s
alloys was investigated with the aid of X-ray diffraction

Card technique. The results are reproduced in Tab}e 1

2/ 16 showing: quenching temperature, °C; proportion Z%) of
the B-phase in alloy Nr 1 and Nr 2 (for compcsition see V/

CIA-RDP86-00513R001135210009-9"
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hydrogen concentration, the imp
notchel bars. failed catastrophically.

018 at 300 °C to 0,002 wt-% at 100 9C;

direct consequence of the nature of the Ti
diagram (Fig 1). Solubility of H in a-Ti varies from
after slow cooling
Tesent in
tanium hydride
when titanium,

from temperatures above 300 oC, hydrogen is P
titanium in the form of fully precipitated ti
platelets (see the photomicrograph, Fig 2)5
containing less than 0.18 wt-% Hy, is heated to 300 ©C,
hydrides dissoclate completely and a soli
jn Ti is formed. On quenching from this or a higher
temperature, a Superusaturated, precipitationmhardenable,y(/

3
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the heading of the table)., The effect of hydrogen on the
mechanical properties of the technical purity titanium,

annealed at 650 ©C, 1is illustrated by data given in
Table 2 under the following headings:? Ho content,

gs (yield point, kg/mm2); ¢ (reduction of area, %);
ay (impact strength, kg/mm2). It will be seen that
wheraas neither the yield point nor ductility (as indicated

by w) of the specimens were affected by increasing
act strength, determined on

This effect is a
-H constitution

wi-%;

d sclution of H

A : N
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solid solution will be obtained. Thus, a titanium
specimen with 0.03% H, quenched from 500 ©C, nad an
impact strength of 7 kgm/cm2; after ageing at 200 ©C its
impact strength decreased to 1 kgm/cm2,  Similar results
could be obtained by prolonged room temperature ageing;
this is illustrated by data, given in Table 3, which
shows values of aj of the H-bearing Ti specimen after
quenching from 500 ©C, and after 1, 10 and 100 days’
ageing at room temperature. Electron-microscope study of
the ageing process confirmed the hypothesis that, in this
case, embrittlement during ageing is associated with the
precipitation and coalescence of titanium hydrides; this
is illustrated clearly by the photomicrographs (X 2350)
reproduced in Fig 3 (a - the microstructure of an
H-bearing, Ti specimen in the quenched condition, b - the
same microsection after 7 days' ageing at room
temperature) which show the increased proportion of the
hydrides as well as the grain-boundary broadening in the
aged material., Regarding the mechanism of the embrittlingl*/

APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001135210009-9"



- o S A A

ey A R M S R e SRS A A oy Lo s ety 73 23

SETEREERE SR MRS RIS SSRRT R ERs i e 7o e 2o, s R I, -
T3 ; B _ > SRS AR RV SR B T RAVEY B HGRRH!

HoaNINe

"APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001135

H7h3E R B PRSP
STt e T e -

210009-9

68692

S/180/60/000/01/016/027

E193/E135
Investigation of the Mechanism of Hydrogen Embrittlement of
Titanium and its Alloys

effect of hydrides, the authors base their considerations
= on the experimental data reproduced in Tables + and 5.

The effect of the rate of deformation on ductility of

annealed, H-bearing, a-Ti is illustrated in Table L.

which showst H» content, wt-%; elongation (6, %) and

reduction of area (\u, %) for specimens, tested at the

rates of strain of: {1) 2 un/win, and {11) 2.10° mm/min.

The effect of the test bemperature on the ductility of

the same material is illustrated in Table 9, showing:

H> content, wt-%, &, and \ determined at +20, -20 and

-60 °C; (the specimen with 0.,03% H tested at ~60 oC

failed in a brittle manner). It can be inferred from data

: given in Tables 2, 4 and 5 that brittleness dus to hydrogen

> is not revealed by standard tensile tests, conducted on
ecylindrical speclimens, and only becomes evident 1n the
presence of a notch, at high rates of strain. or at low
temperatures. These facts can be interpreted in one way
onlys titanium hydrides, while possessing scme ductility,
have low resistance to rupture, 1if the normal tensile
stress in titanium is lower than the Tupture etrength of

Card
5/16
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the hydrides, the effect of hydrogen will not become
apparent; 1if the normal stress is raised above that
eritical vaiue (by introduction of a notch, increasing
the strain rate, or lowering the temperature), cracks
are formed in the hydrides which reduce the strength of
the metal to a level depending on the proporsion of
hydride platelets presant and on their size, since these
factors determine the number and dimensions of the .
cracks. This is illustrated by data reproduced in Fig U,
where the true tensile strength (Sg, kg/mm<) of H-bearing
titanium at -196 °C is plotted against the guantity and
dimensions of the precipitated hydrides, points a, 5
and @ relating tos (a) specimen quenched from 500 ©C
(low hydride concentration); (£) specimen quenched and
aged for 2 h at 100 oC (medium concentration of hydrides
of small size); (@) specimen annealed at 400 “C (high

Card concentration of coarse hydride particles), The

6/16 propagation of cracks in hydrogen-embrittled titanium is W//
assisted by the internal tensile stresses. prasent at the

TH
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edges of the hydride platelets owing to their higher

(in comparison with Ti) specific volume. Oxygen,

nitrogen, and carbon additions increase the sensitivity

of titanium to hydrogen embrittlement, since they promote
pbropagation of cracks; the effect of aluminium is
beneficial since this metal increases solubility of
hydrogen in titanium. The effect of hydrogen on the
mechanical properties of a B~type, 15% Mo-Ti alloy was

studied next. The results are reproduced in Table 6,

) showing: condition of the alloy (degassed; hydrogen-
o imgregnated by electrelytic treatment - Jhat 0,2 amp/
- cme); U.T.S. (op, kg/mul); yield point (0g. kg/mm?);

6. %} W, %. I% will be sesen that none of the
investigated properties were affected by the praesence of
hydrogen. The results of gXperiments on specimens with
higher content of hydrogen (introduced by high-
temperature diffusion), quenched from 750 eC, are given

Card in Fig 5, where 3 of specimens tested at the rates of
2716 strain of 2 and 200 mm/min {crcsses and circles.
! Tespectively) is plotted against the hydrogen c ntent (%). i

% £ 1 23 SR T ST A,
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It will be seen that as long as hydrogen 13 in the
solution, it does not affect the ductility of the
B-phase; precipitation of hydrides in the B-phase
causes the metal to fail in a brittle manner, this
effect being attributed to notch-sensitivity of the
B-phase, The hydrogen embrittlement of the a*p alloys
is next discussed, Two alloys of this type, containing
20 and 50% of the pB-phase, were investigated. Their
mechanical properties (og, 6, and v ), are given in
Table 7, the figures in the first and second sub-columns
for each property relating to the hydrogen-free specimens
and to specimens subjected to 24 h electrolytic
hydrogenization treatment. It will be seen that,
whereas the yield point was not affected by the presence
of hydrogen, the ductility of the alloy (6, W) decreased
sharply. It was observed, also, that fracture of the
hydrogen-bearing specimens started at the surface, the
first cracks appearing already in the elastic
deformation range (see Fig 6). The effect of the

APPROVED FOR RELEASE: 07/12/2001 CIA-RDP86-00513R001135210009-9"
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variation of the content of hydrogen. introdu~ed by
high-temperature diffusion, 1is illustrated by data given

in Table 8 under the following headings: H2 content,

wt-%3 ur, %, of the alloy containlng 20 and 50% of the
f-phase. zA specimen of the alloy. contalining 20% of

the p-phase and 0.1% Hz, failed in the brittle manner) .
These Tesults showed that the embrittiing effect of
hydrogen was more pronounced 1n the alloy with a lower
content of the p-phase, The effect of the deformation

rate is illustrated in Figs 7 and 8, In Fig 72, W is
plotted against the rate of strain (V, mm/min) for an

alloy containing 20% of the p-phase, curves 1 and 2
relating to specimens before and after the electrolytic
hydrogenization treatment, respectivalys; the correspon-
ding curves for the alloy containing 50% of the {3-pnase

are plotted in Fig 7b. In Fig 8a, W is plotted against

¥ for the alloy containing 50% of the B-phase, Curves 1,

5 and 3 relating to specimens with 0.025. 0.050 and 0.1%
of hydrcgen (introduced by righ -temperavure aiffusion Q/

I
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treatment) respectively; the corresponding curves

(1 and 3) for the alloy containing 20% of the g-phase
are plotted in Fig 8b. In this case, too, the
proportion of the g-phase determined the behaviour of
the alloys. The ductility of specimens containing
hydrogen, introduced electrolytically, increased with
increasing V, approaching the ductility of hydrogen-
froe material at V = 200 mm/min, this restoration of
ductility with increasing V being less pronounced in
the alloy with 50% of the g-phase. In the case of
specimens containing hydrogen introduced by the high-
tsmperature diffusion treatment, the restoration of
ductility with increasing V was slow in specimens
containing 50% of the p-phase, and did not occur at all
in specimens containing 20% of the p-phase and 0.1% Ho,
The effect of the constitution on the sensitivity of the
a+f8 alloys to hydrogen embrittlement was revealed also
by the results of impact strength tests, conducted on
notched, cylindrical specimens 8 mm diameter (depth of b(//

i
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the noteh 1 mm, root radius 0,55 mm). The results of
these tests are given in Table 9, showing: Hp content,
wt-%; ay, kegm/cm?, of specimens containing 20 and 50%
of the p-phase. However, it is pointed out that tensile
test at slow rates of strain is a more sensitive method
of revealing the hydrogen embrittlement of titaniumn
alloys of the at*p type. The difference in the
behaviour of material containing hydrogen, introduced by
different techniques, is attributed to the fact that
hydrogen introduced electrolytically (i.e. at room
temperature) can dissolve in the p-phase only. This was
checked by X-ray diffraction analysis, carried out on a
complex, Mn-bearing alloy, whose alloying elements,
however, did not affect the solubility of hydrogen. The
results are given in Table 10 under the following
headingss constitution of the allo (relative
proportion of the a- and p-phase); lattice parameters

Card of the a- and B-phases in the degassed alloy; lattice/{/
\

11/ 16 Jorameters of the a- and pB-phases in the alloy with
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