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Steel Containing 102, ot Cobalt. B. G. Livshits..and
A. G. Rakhshtadt. (Kachostvennaya Stal, 1037, No. 7, pp 37-40).
(In Runsian). A 10%, cobalt stocl with and without the addition
of 1:5%, of molylnionun was invostigated ;  the objoct of the
nnmm-‘n wan {0 tatablish the optimu heat-treatment conditions
and to dotermine the magnetio propertics.  Tor parts 10 mm. thick,
made of steel containing no molybdenum, {he following heat treat-
ment is recornmery od : Heating to 1200° C. for 5 min., followed by
air-quenching. tempering st 700° for 75 min., followed by cooling in’
nir, then heating to 80° for 7 min, followed by an air-quench. Bho
muterial in thon aged at 100° ¢, Tho magnetie propertics obtained
l:wh method arv Coercive force 130 ocreted, and romanonco
pbo0-10,000 gauss. For the steel containing 1:6% of molybdenum
a aimilar heat treatment is recommended, with the difference that
the finsl quenching temperature is 020° C. The coorcive force’
obtained is 160 oerstod and tho remanence §200-8500 gause. The
coercive forco may be increased by raising tho fina quenching

temperaturo.
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Oontent, Part II. B. G. Livahita and D. A. Gringana. (Kachest-
vennayn Stal, 1837, No. 12, 7p-39<43). (In Russian). The authors
continue their account of the investigation of the optimum composi-
tion and heat trestmaent for -aluminium magnet stecls (ere
.63 a). They compare the magnetio properties of 30/12, 32/12 ancd
gO/lO nickel-aluminium stesle and thoor of the 28/11 steel which they
proviously investigated. The 28/11 stecl has the beet magmetin
yropertics, as regards both remanence and coercive force.  The moss
uuitable heat troatment for thin steel, irrespective of cross-soction, is
1o oil-quench from 1276-1300° C., with subsoquent tempering a4
650-870° C. It is claimed that the 28/11 nickel-aluminium stecl in
better than the iously investigated nickel-aluminium steels with
a low nickel Andmdumininm coatent, cularly in regard to the
jrrmanoncy of ita magnetio ‘;’mparﬁu n certain apecial cases stecl
ocataining nickel 32“}:5111 uminium 12% may find applications.
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and L. A. Chudkovskays. (Kschestvennaya Stal, 1838, No. 4,

pp. 42-45). (In Russian). With the object of studying the

1

i

i posaibility of partially replacing nickel in nickel-aluminium per-
;. hd 5 . .

I manent-magnet steel, a acries of alloys containing aluminiura
i
{

ety

11-12¢,, and nickel plus chromium 28%; and another series of
alloys with the same nickel plus chromium content, but in which the
aluminium content had been increased to 13%, with the object of
raising the coercive force, were prepared and investigated. The
results were compared with those given by ternary 28/11 and 206/12
nickel-aluminium steels. The effects of heat treatment and, in
particular, the quenching rate, on specimensof these alloys of differcnt
cross-section were examined. In general it waa found that tho
nubatitution of nickel by aluminium increased the residual induction
and lowered the coercive force. The optimum copper content
appears to bo 695, The nickel-aluminium-copper steels showed
much greater degree of permanency of magnetism in the cast state
than did the aluminium-nickel stecls with an increased aluminium
content vrhich are used without being heat-treated. In the as-cast
condition & specimen of 10 sq. em. cross-section coutaining nickel
220/ aluminium 14-8% and copper 69, will give a remanonce of
-600 gauss and a coercive forco olp f:o ocrsted and thus appears to be
of definite practical value.
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P sidered to be the best those studied, has & coercive force of
PO 580-740, s remanence of , and B x H of 360400 d 4.

ing on the casting conditions, In alloys of tyFe (1) the addition of
oo up to 124, of cobalt increases the mlgnetiling orce and the product
o0 lf x I ; the maximum magnetio induction is obtained with a9, of
P cobalt for small sections. An increase in the nickel content from
P 17% to 22%, in an alloy of small section contai cobalt 139,

) aluminium 119, and co per 8%, increases H and lowers B, the

LA product B x # romal constant. A similar increase of the
jee nickel content in an alloy containing cobalt 6%, aluminium 119
PY) and copper 6%, increases H and the product B x M, and lli!;hl y

s PP reduces 5. Chill-cast Alnico in sections of 12 X 12 mm. ard %0 x
20 mm. fs superior to the 28/11 nickol-sluminium stoel, wherean

LA 4 sand-cast Alnico In sections of 30 x 30 mm. s inforior to tho

[ 1 28/11 steel. The addition of copper to Alnico has no beneficial
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ed b.'lpplyin the method of is0- pession hardening proveats m the usual way, o. £, forima
, ‘ venport and tion of nuclc, which increase both i nnd in number,
A, 34, hz71). Samplea heated 0 TR0¢ were Cauind coagulation,
thrown lato molien I'h at W n0® ol kept there 3 @ Len l"::"_‘:"‘;" force
win.  1hen they woie iuhsly tmnalrrred (0 voldd water, vumunlh:mv eaturs.

which arested tunsforuintion "",'"ul“"‘ banes St gy gqg the provvee ol rupud nort b g st wipetvenling The
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duration of superconling han 8 certain opu-
was repeated several . This hrings about 8 tise 10 diffevent

; process
her foree was meusared in order fo [ O e <ample is heought back lo
i . The height of the

tapersion hardening. This transforma-
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: li he tinwe i+ 2 S min.

above treatment call fort of up . vnt A
'hk‘lli‘mldrln‘l‘ﬁlhyllwnlw . oms. -~ \he mAX. e cduction of th toless
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etructure of the sample ing of the max. tu the samc incaw $.
T 0N° (or above) :‘, o T80 uaniely 370 oersteds. 1f the
" s homogencous and it is in & state " aoiid wota. Even (o further and Is as fow us S0 oerbict
‘when immersed in water, \bis strocure remains " treatment. "An explanation is offered.
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sequent hest-trentment and js accompan! by & certain

ormations
J. Tk,

Vitie peyuliag stinesier s neeprest

COmmtn RLEWENTS

13w S) 87 Q¥R wOww

fs
o

AP 3L A BETALLUAGIKCAL LITRRATARE CI.A”’KA';GQ
|_sros AVIEIEYN o o

7 tenOud %4 ThONE RONINY

TETEX) SN 11137 O Gwv ati .

AN XX

"a;

AT R ALY MOLE e




"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7

s — : : BYRR 3 ¥ ke Tk Pt PR b s Y S8
R B SN RAROMNIAT B | EDOR SRR N ST pEeRRas RaTHAE ‘3‘?,‘:‘@?“ it 2hid SEEERTII

coooo.ocoo0909000;,,,&3;%& feeedecegey
99000(00000000900000608000000000000000
R A DR R T I TS 7 I "R TR YO I A T BT I " 14 N I R T A ]
E>I:,!Ll'hf'A!L.kfu..l,‘l,l“ﬁ“(ﬂﬂtllitl.l; [ ]
LR A E A T LY Y . . f [LTERCY YRS PN \rurey
e et e e o e L PMICEAME ANS PRCRL o8 alfy T
Rfect of the compuattion of NI-Al stesin o their nag. .
netic propartien, 1. O. Livshis. Sial [N. 8.1, 1, No. 6 7
) 0D 38, BEITS=AN Petrndve stinly wax made
of ke magnetle propertles of Fe-Ni-Al, Fe-NI-Al-Cu, ¢

Fe-Ni-Al-Co sl ¥e-Ni-AI-Cu-Co slloys. In each cese
the influcner of C, Si sl Mo (usually mwnmm ¥e)
was stilivl, Al the specimens had the same cnnd gec- :
tion. T all, 4 crome sections were studind, (0 eavh ¢ : !
the spevimens had the wane length.  To make the reand H

conhiaive, the wlloys Bl to be given theis mas, magucti ™ ]
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Livshits, B.G., and Teuprus, L.I. "Research oh the phenomenon of aging
low-carbon steel,” report (Mosk, #n-tagtall im. Stalina) 26, 1948,

SO: U-2888, Letopis Zhurnal'nykh Statey, No. 1, 1949
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USSR/Engineering -~ Thermomagnetic Effect Feb Qv
Carbides, Analysis o
Co o
"Bmployment of Thermomagnetic Method in omnd»um
Analysis,™ B. G. Livshits, K. V. Popov, Moscowm
Inst of Steel imeni I. V. Stalin, L pp -y
. . o
"Zavod Lab" Vol XVI, No 2 %

Introduces new method for thermomagnetic mwa.QW;

sis of isolated carbides, used for investigatiffi -

-carbide phases of chromium steels, which permi . y

to a certain extent, compensation for deficienfd .

in chemical and X-ray investigations. Investi- -

v,,mwmmn. thermomagnetic properties of carbides ..
2

2 e
'USSR/Engineering - Thermomagnetic Effect m.mvgow | v
: (Contd) . - .

isolated from steels with chromium contents up £

in chromium steels after holding et supercritic) -
‘temperature. This was impossible by any other .jj
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LIVSHITS, B. G.

USSR/Metals -~ Alloys
Metallography

"Matallographic Analysis of Ferroalloys and Alloy Steels With the Aid of Thermal
Coloretion," S, 8. Gorelik, B, G. Livshits, Moscow Steel Inst imeni I. V. Stalin,
3 pp

"Zavod Lab® Yol XVI, No 5

Describes method of thermal coloi'ation in application to ferroalloys and alloy
steels based on intensive oxidation of metals at high temperatures with formation
of oxide films which are usually detected on metals as temper colors, Intensity of

forming and thickening of films and, consequently, coloring depends on dissociation
elasticity of oxide of given metal or compound and on rate of oxygen diffusion into
netal through film and diffusion of metal atoms to film surface.

PA 160774
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LIVSHITZ, B. G. and POPOV, Ko Vo

"Modifications in the Phase Diagram of the System Fe-Cr-C," Dokl. AN SSSR,
60’ N()oh, 1950.
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USSR/So]id Statg Physics - Phase Transformations in Solids s E=5

Avst Jowrnals Referat Ztur - Fizika, Fo 12, 1956, 34732

Author: Livshits, B, G., Ltvov, V. 8.

Institution: Moscow Institute of Steel USSR

Titles

Investigation of the Mechanism of
Aluminum Alloy

Aging of High-Coercivity Iron-Nickel

Original Periodical: Fiz. metallov i metallove;ieniye, 1955, 1, No 3, h455-L458

Abstract: An alloy containing 27% nickel, 15% aluminum, and the remainder iron was
investigated. The method of 2-step working, imitating contimuous cooling fram & high
temperature, was used: the homogeneous alloy was cooled fram 1,250 to 800 or 850°,
was soaked for a tertain time (from one minute to 10 hours), and the resultant net.
erogenscus state wes fixed by hardening. The coercivity and the temperature coef-
ficient of the electric resistivity of monolithic specimens wes measured at varicus
stages of the heat treatment. The NiAl phase was separated chemlcally, and in it
the contents of iron.was determined and the coercivity, the setwration magnetic, and
the temperature coefficient of electric reslstivity were measured. The separated
NiAl phase was furthermore subjected to heat treatment:; slow heating to 100-7C0°,
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USSR/So01id Btate Physics - Phase Transformations in Solids, E-5
Abst Journal:; Referat Zhur - Fizika, No 12, 1956, 34732
Author: Livehits, B, G., L'vov, V. 8.

Institution: Moscow Institute of Steel USSR

Title: Imvestigaticn of the Mechanism of Aging of High-Coercivity Iron-Nickel-
Aluminum Allgy

" Original Periodical: Fiz, metalloy 1 metallovedeniye, 1955, 1, No 3, 455458

Abstract: after which the magnetic saturation and the coercivity were measured.
It was found that the Supercooled solid solution of iron

breaks up at 800-850% inte an iron DPhase and a nickel-a

iron. At a lower temperatwre (700°), there is a further decomposition of the nicke]l-
eluminum phase with a separation of iron from it.

7_7"
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"The Constitution of the Alloys Fe-Ni-Al in their
-Ni- High Coercivd State,"
8 peper submitted st the Internstional Conference on Physics of Magnetiz ®
Phenomens, Sverdlovsk 23-31 May 56.
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"The Magnetic Investigotion of the Ordering of the Alloys," paper
presented at the International Conference on Physics of Magnetic Phenomena B
Sverdlovsk, USSR, 23-31 May 1956
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uﬂ% . profouor. doktor tokhnichelkikh nauk-
0.1, profepscr, doktor fisiko-matematicheskikh asuk,
rotununt RAKEBHTAD?, A.G., dotsent, kandidat tekhnicheskikh
nauk, rednktor; MODEL', B.I., tekhnicheskiy redaktor

(Physical properties of metals and alloys] Fizicheskis svoistva
metallov 1 splavov. Moskva, Uos, nauchno-tekhn., ixd-vo mashino-

stroit. lit-ry, 1956. 352 p. (MLBA 10:2)
(Alloys) (Motals)
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2. Antimony--obalt systems--Thermodynamic properties 3. Antimony-cobalt
systems--Metallurgical analysis 4. Antimony-cobalt systems--X-ray analysis
5. Antimony-cobalt systems--Chemical analysis

137-58-4-8094

Translation from: Referativnyy zhurnal, Metallurgiya, 1958, Nr 4, p 247 (USSR)

AUTHORS: ivshits, B.G., Ravdel', M.P.

TITLE: The Effect of Molybdenum on Order/Disorder Transitions in
Permalloy (Vliyaniye molibdena na uporyadocheniye permalloya)

PERIODICAL: Sb. tr. Tsentr. n.-i. in-t chernoy metallurgii, 1956, Nr 15,
pp 53-67

ABSTRACT: Resistance (R) measurements and dilatometric investigations
were employed to determine the effect of heat treatment and work
hardening on the properties of Fe-Ni-Mo alloys of constant Ni
contents {about 80%) and various Mo contents (0-6%), also the
kinetics of structural transformations in alloys. The R of a hard-
ened specimen of NigFe alloy (0% Mo) after heating and slow
cooling in the temperature interval of order/disorder transition
declines by 17.5% due to ordering. Addition of up to 1% Mo dim-
inishes this effect, and when more than 1% is added, its sign is
reversed. In an alloy with 5% Mo, the increase in R attains 5%.
On work-hardening, contrariwise, the R of alloys with 5-6% Mo
diminishes by 13%, and the R of the ordered Ni3Fe alloy (OA)
increases by 36%. Dilatometric investigation of isothermic

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"
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137-58-4-8094

The Effect of Molybdenum on Order/Disorder Transitions in Permalloy

tempering of a.hardened specimen of NizFe shows the reduction in volume
common in OA. Under the same conditions of tempering, an alloy having 5%
Mo showed the opposite, viz. » @n increase in volume. In cold-drawn speci-
mens of Ni3Fe, quenched from 300-6000C, the R drops rapidly with time un-
til equilibrium is attained. In Fe-Ni-Mo alloys, R increases in the same man-
ner at all tempering temperatures. The greatest change in R in both cases is
that occurring at 400-500°. Heat treatment in the 300-600° interval does not
affect the microstructure of the alloy. The anomalous change in the proper-
ties of Fe-Ni alloys when > 1% Mo is added is explained by the appearance of
a K phase which may perhaps owe its existence to the fact that the Mo and Fe
atoms form complexes as a result of the appearance of chemical bonding
forces between the different atoms. These complexes are the reason for the
supplementary scattering of electrons and consequently the increase in R. An
alloy containing 1% Mo is midway between OA and alloys with a K phase.

1. Iron-molybdenum-nickel alloys--Phase studies 2. Iron-molybdenum Ye.V.
-nickel alloys--Phase transitions--Effects of molybdenum 3. Iron-molybdenum
-nickel alloys--Properties--Effects of heat treatment 4. Iron-molybdenum

-nickel alloys--Properties--Hardening effects

Card 2/2
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137-1957-12-24904

Translation from: Referativnyy zhurnal, Metallurgiya, 1957, Nr 12, p 279 (USSR)

AUTHORS: Krasnopevtseva, T.V., Livshits, B.G.
A“N
TITLE: The Effect of Vanadium on the ¥ ~ o Transformation in Fe-Co-V
Alloys (Vliyaniye vanadiya na ¥ = O prevrashcheniye v
zhelezokobal'tvanadiyevykh splavakh)

PERIODICAL:  Sb. tr. Tsentr. f.-i, Wt chernoy metailurgii, 1956, Nr 15,
pp 68-85

ABSTRACTY: The effect of V on the X‘—* X transformation (T) was studied
under continuous cooling of the gamma phase, as well as under
isothermal: conditions. The investigation was carried out on alloys

with 0, 2, 4; 6, 8, 10, and 12 percent V content, all alloys
having a constant content of 5] percent Co. All measurements
were performed on Akulov's anisometer, Measurements of
coercive force were also performed and the microstructute of
the alloys was studied. Increasing the V content from 0 to 12
percent causes the temperature, which corresponds to the begin-
ning of the Y- transformation, to vary from 925° to 5250
In alloys with 2 percent V or less the x—»& occurs purely by
Card 1/2 diffusion. An analogous process takes plaice also in an alloy

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"
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137-1957-12-24904
"The Effect of Vanadium on the X‘—-O( Transformation ir. Fe-Co-V (cont. )

containing 12 percent V; in this process also no martensite T
was detected. In super-cooling the 6\ phase of alloys containing
4-10 percent V, as well as during isothermal exposure of these
alloys, the decomposition process also occurs by diffusion; how-
ever, when alloys containing 6 - 10 percent V are cooled at a
rate of 5-6 deg/min the process of the ¥~ T assumes a
non-diffusive martensite character. At identical cooling rates
the *—~o T ina 4 percent V alloy is of intermediate nature,
but changes to a martensite nature when the cooling rate is in-
From the results obtained it is concluded that both the

P. s.

1, Iron-cobalt-vanadium alloys - Transformations - Effects of
vanadium
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Translation from: Referativnyy zhurnal, Metallurgiya, 1958, Nr 10, p 150 (USSR)

AUTHORS: %\Eﬁg_s__ﬁ.i. Ibragimov, Sh. Sh., Avraamov, Yu. S.,
onev, Yu. K.

TITLE: Theory of Phase Transformations in Nichrome and Nimonic
(Teoriya fazovykk prevrashcheniy v nikhrome i nimonike)

PERIODICGAL: V sb.: Issled. po zharoprochn. splavam. Vol 2. Moscow,
AN SSSR, 1957, pp 171-180

ABSTRACT: The fact that electrical resistivity (ER), heat capacity (HC),
and certain other properties of nimonic and nichrome alloys
are functions of temperature indicates that a K-state exists
in these alloys. In nichrome specimens which have been
quench-hardened at a temperature of 770°C, the K-state
appears as . result of heating to 400-460°% Heating the alloy
to 460-560° causes it to revert into a statically disordered
solid-solution state. The formation of the K-state is
accompanied ty changes in the microstructure of the alloys,
apparently as a result of deformations, i. e., according to
X-ray data the alloys retain their single-phase character.

Card 1/2 A change in microhardness analogous to a change in the ER
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SOV/112-59-1-120
Translation from: Referativnyy zhurnal, Elektrotekhnika, 1959, Nr I, p 11 (USSR)
AUTHOR: Avraamov, Yu. S., and Livshits, B. G.

TITLE: Investigation of Nimonick AlISy by Methods of Internal Friction, Electrical
Resistance, and Dilatometric Analysis

PERIODICAL: V sb.: Issled. Po zharoprochn. splavam, Vol 2, M., AS USSR,
1957, pp 198-210 '

ABSTRACT: In the nimonick alloy (21% Cr, 2.48% Ti, 0.67% Al, the rest Ni), the
transmutation passes two phases: disintegration and 'predisintegration.' The
former has a character of dispersional solidification, while the predisintegra-
tion is actually a formation of segregated Cr and Ti atoms. The disintegration
takes place at 700-800°C; the K state (anomalous increase in electrical
resistance when tempering after a hardening) is formed at 500-650°GC. Both
Processes are entirely independent of each other. Bibliography: 12 items.

O0.B.O

Card 1/1
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AUTHOR: Ivanushkina, A.Z7, and Liyshits, B.G.

9. BeG 128
TITIE: Alloying of 36% invar enables one to change its properties
hardering and tempering. (Iegirovanie S6-protsentnogo
igvara pgzvolyaet izmenyat' ego Bvoystva putem zakalki f
otpuska,,

PERIODICAL: "Fizika Metallov i Metallovedenie", (

Physics of ‘Metals and
Me?aliurgy5, 1957, VoI.IV, No.1l (10), pp.184-185 (U.S.S.R,)

;;

ABSTRACT : The authors show that the E~state can be obtained b

M
alloying of a single-phase alloy which without alloying has
no ordered state or phase transformations. As such an alloy
“invar (36% Ni, rest Fe) was chosen and in F

ig. 1 the change
of the electr{c'resistance after tempering from various
temperatures of havdened invar containing 8% Mo is given.

Thus, it is shown that a K~state can be obtained in oxder ag
well as disorder solutions by introducing small quantities
of a-third component. One graph, 1 Gemman and 1 Russian
reference.

Recd. July 24, 1956.
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. "USSR/Bolid State Physics - Fhase Transformation in Solid Bodies

" Abs Jour : Ref.Zhur - Fizika, Ko 1, 1958, 998

Author : Ibraginov, 8h.th., Livehits G, _

Inst Moscow uinstitut‘e of Steel,

Title Change in Properties and Structure in Solid Solutions
¥With a Nickel lase.,

Orig Pub : Piz. metallov 1 metallovedeniye, 1957, 4, No 2, 315-318

Abgtract An investigation wes made of the influence of heat treat-
ment and cold deformation on the electric resistiviiy, 1i-
nesr dimensions, microhardness, and microstructurs of al-
loys Ni-21l.h Cr and 57.4% Ni-16.55 Cr-Fe (in percent}. )
When heating hardened alloys Ni=Cr, the electric resistivi-
ty of the epecinens in a reglon of 420 =~ 530° is intense-
le increased, starting with 530° it gradually diminishes
to a minimm and after 750° it again staris increasing.
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:fazh:bprocens of formation of unordered portions
A gerved isg a change in the microstructure of th
HL0Y8 a8 & result of glow cooling., :

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7

t

it“: — T R Y O
|

TR - R¥E IR R AR I ’~-,.»;;,:;,;‘lc,;s_;mgg:~|p¢gg:' ERCAARAEER b S3A_K LR H SO SRS 1 s W STTRE BT RUSHDT REAE R

R

IVANUSHKIHA. A, LIVSHITS, B.so.
. T L T iy
Invostigating properties and structure of invar alloys with

additions of molybdenam, chromf
matalloved, 5 no, 3:527:535 :’;?1.“” tud ui(’bimf e wt,

(MIRA 11:7)
1, Institut pretsizionnykh 3
ingtitut‘l Shoraey m“;{urgzg?a\rov TSentral'nogo nauchno-i.‘saledontel'lkogo
(Hickel steel--Analygis)
(Metallography)
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Livshits, B. G. L8-9-3/26

Note on the Modification of the Structure and the Properties of
Solid Nickel Solutions on a Heat Treatment (Izmeneniye stroyeniya

i svoystv nikelevykh tverdykh rastvorov pri termicheskoy obrabotke).

Tzvestiya AN SSSR Seriya Fizicheskaya, 1957, Vol. 21, Nr 9,
pp. 1225.123L% (USSR).

In this paper a new structural state (phase modification of & homo=
geneous solid solution), which was given by Thomas, H. (ZS.Physik,
129, 219, 1951) the denomination "K ~ state", in Chromium-Nickel,
Mo-permalloy, and in alloyed molybdenium was investigated by means:
of measwring the electric resistance, its dilatation, sirength and’
magnetic saturation. These investigations produced consistent results.
Thermodyhamic problems and the causes lesading to the formatiom of the
K - state were not studied. The characteristic features of the K -
state arv summed up as follows? _ .

1) the kinetics of the formation of the K - state show that this
state ccmes into existence by diffusion, in the same way as ordering
or the normal aging process. 2) Within the solid sclution the pro=
cess takes pllace without the formation of a second phase with a lat=
tice disfering from that of the original lattice of the solution,

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"
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AJTHORS 2

TITLE?Z

PERIODICAL:

ABSTRACT?

card 1/2

Livshits, Be Ce, and L'vov, V. S, L8-9-0i/26
Note on the Structure of Fe-Yi-Ak-Alloys in a Highky Cogrcitive
State (Stroyeniye Fe-Ni-Ak-Splavov v ikh vysokokoertsitivnom
sostoyanii). .

Izvestiya AN SSSR Seriya Fizicheskays, 1957, Vol. 21, Nr 9,
pp. 12321232 (USSR.)e

The paper ie a short abstract from the lecture, the basic conten?s

of which have been published in FMM, %, L55 (1955) and more detailed
in Sbornik Trudov MIS, 33, page 75, 1955. The solid Fe-Ni~Al solution
15 decomposed into a Fe - phase and a Ni~Al ~ phase at high tempera=
ture (at annealing and at aging as well). This leads to a coherent
combination between the components of the structure, indepenqent of
the degree of pulverization. An anomaleous process of aging is charac=
teriztic for these alloys. The anomaly consists in the fact, that the
maxcimum coercitive force is not obtained from an ordinary hardeping
by means of annealing, but is the result from a continuous.coollng
starting from high temperatures (from a one phaae_state).w1th a cri=
tical velocity. The continuous cooline can e replaced with the same
result by the keeping of a undercocled high~temperature solution, .
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11B~9-L/26
Note on the Structure of Fe-Ni-Al-Alloys in a Highly Coercitive State.

first at 8oo - 850°C and then at 650 -~ 700%C. At these temperatures
the decomposition takes place in two steps# Fe-phagse and Ni~Al-phase.
The firsti decomposition is proved with the help of a microscope, the
additional one by a phase analysis (chemical and X-ray) of the iso=
lated Ni-Al-phase, which is separated from the alloy elsctrochemically
after different heat treatments. The decomposition is also proved by
measurements of electrical, magnetical and other properties of the
monolyt samples. It can te agsumed, that the maximum increase of the
coercitive force is caused by an increased isolation of particles of
Ove. iron on the additional decomposition of the phases (which have-
been obtained at the first decomposition of the undercooled solid

gsolution).

ASSOCIATION: Moscew Institute for Steel imeni I. V. Stalin (Moskovskiy institut
stali imeni I. V. Stalina).
!’.

AVATLABLE:? Library of Congress.
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AUTHORS 3 Livsaits, Be. G., 2nd Molotilov, B. V. _LiB=9-5/26
TITLE. Note on Magnetic Investigations of the Ordering of Alloys on the

Basis of Niyun (Magnitnoye issledovaniye uporyadocheniya splavov na
osnove Ni3Mn).

PERIODICAL! Izvestiya AN SSSR Seriya Fizicheskaya, 1957, Vol. 2L, Nr 9,

ABSTRACTS The purpose of this paper was to clarify the influence of Mo on the
ordering process of the NijMn solution. Alloys of Nizl'n without mo=
lybdenium: and sueh with a aolybdenum content up to L %‘ were investi=
gated. First the kinetics of the phase transformation at various tem=
peratures were studied by means of measuring the electric resistance
and then this process was analyzed exactly with the thermomagnetic
method in the anisometer of Akuliove Moreover, the elastic properties
and the structure of the alloys was investigated, It appeared, that
the various stages of ordering are accompanied by a process of forma=
tior and growth of the crystal nuclei ‘of the ordered solution and 2
gradual. disappearance of the disordered phase. The introduction of
molybdenum into NiBMn slows down the ordering and diminishes the degree

of the possible ordering. This decrease is not proportional to the

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"
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Note on Magnetic Investigations of the Ordering of Alloys on the LiBe9-5/26

Basis of Nij.un.

dilution of Ni,kn by molybdenum. The decrease of the extreme order
apparently is fot only due to a distortion of the stoechiometrical

' composition, but also to e basic modification of the interatomic
combination. The ability of the solid solution for ordering is kept
at an intreduction of at leasi h,1%p0f molybdenum and no transition
to the inhomogenuous solid solution takes place (K - state)s The
kimeties of the ordering of Ni3Mn compounds are jdentical wether al=

loyed with molybdenum or not, The basic contents of the lecture have
been published together with Myuller, No N, and Savosttyanova in
FM¥, 3, L77 (1956).

ASSOCTATION? Moscow: Institute for Steel imeni I. V. Stalin (Moskovskiy institut
stali imeni I. V. Stalina),

AVAILABLE? Library of Congress.
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Translation from: Referativnyy zhurnal, Metallurgiya, 1958, Nr 3, p 200 (USSR)

AUTHORS: Livshits, B.G., Ibragimov, Sh. Sh.
_— — ‘

TITLE: Investigation of Structural Transformations and Properties of
Nichrome Alloys(Issledovaniye strukturnykh prevrashcheniy i
svoystv nikhromovykh splavov)

PERIODICAL: Sb. Mosk. in-t stali, 1957, Vol 36, pp 75-102

ABSTRACT: The nature and mechanism of the K-state was studied on
alloys Kh20N80 and Kh15N60, which were obtained industrially in
the form of a wire 3.5 mm in diameter. Specimens encased in
ampoules containing Na to ensure an oxygen-free atmosphere
were maintained for 5 hours in a silit-resistor furnace at a
temperature of 1200°C, after which they were cooled to 1100°
within one hour, maintained at that temperature for one hour,
and then were either quenched in water or allowed to cool at a
specified rate. At temperatures below 400° the heat treatment
was performed in sealed Cu cartridges. At higher temperatures
the samples were maintained either in a Sn bath, or in quartz
ampoules, Temperatures were measured by means of a Pt-Pt-Rh

Card 1/2 thermocouple. In order to study the effect of deformation on the

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"
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137-58-6-11802
Translation from: Referativnyy zhurnal, Metallurgiya, 1958, Nr 6, p 86 (USSR)
AUTHORS: Livshits, B,G., Shishko, L.A., Lakhman, N.G.

i SN
TITLE: The Quality of Steel Smelted in a Recirculation Oven (Kachestvo
stali, vyplavlennoy v retsirkulyatsionnoy pechi)

PERIODICAL: Sb. Mosk. in-t stali, 1957, Nr 37, pp 395-418

ABSTRACT: An investigation is made of the quality of St 28 steel made in
experimental heats and of St 3, 30, 40, 45, and Armco steels
made in a recirculation oven using air with up to 50—80% 0Oy,
not preheated. The steel of the test heats corresponded in
quality to the GOST (All-Union State Standards) and was dis-
tinguished from open-hearth steel by higher homogeneity,
superiority of mechanical and physical properties along the
length of the ingot, low [P] (which was 0.004-0.008% in Armco
steel), but elevated [O]. The test steel differed little from
open-hearth steel in [N] and [H]. Bibliography: | reference.

A.Sh.
1. Steel--Production 2. Steel-~Test results

3. Furances--Effectiveness
Card 1/1

03/13/2001 CIA-RDP86-00513R000930230007-7"

APPROVED FOR RELEASE:



APPROVED FOR RELEASE: 03/13/2001

e —— . N 7 CIA-RDP86-00513R000930230007-7

6918
sov/ 137-59-12-27 205
Translation from: Referativnyy zhurnal, Metallurgiya, 1959, Nr 12, PP 205 - 206 (USSR)
1g.1250 1871
AUTHORS: Livshits, B.C. Kossakovskaya N.N., Ibragimov, Sh.Sh., Avraamov, Yu.S.
. el \ W
TITLE: Investigation Into Phase and Structure prensformations of "EIN37" Alloy

PERIODICAL: Tp, Sektsil metalloved, 1 term. obrabotkl metallov, Tsentr. pravl. Nauchno-

tekhn, o-va mashinostroit. prom-sti, 1958, Nr 1, PP 140 - 154

ABSTRACT: The authors carried out investigations of "EIN3T" alloy subjected to
various types of heat treatment and having the following composition
(in %) : c 0.05, 8t 0.43, Mn 0.24, 8 0,003, P 0.005, Ce 0,02, Cr
A 0.79, Cu 0.004, Fe 0.56; the remainder was Ni.
was measured on nypN3/2" and wypv-2" machines during
the heating process and at room temperatures; measurements were made on
a capacity dilatometer; tne temperature dependence of heat capacity was
determined by the Sykes (Sayks) method; ase composition of electro-
1ytically separated deposits was determined by the roentgenographical,
microscopica.l and electron-microscopical methods. Moreover, endurance

AP Ro"%m performed. Heat treatment of specimens consisted of quench-
Card 1); EhEﬂSEbsgglfg_g f%“illed cooling-off at various rates. Hignest

ol
CIA-RDP86-00513R000930230007-7"
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80V/137-59-12-27205
Investigation Into Phase and Structure Transformations of "EI437" Alloy

hardness values were obtained if the cooling rate was 160 degrees/hour, corresponding

to a sufficiently complete isolation of the separating phases and to not too excessive

a coagulation, The electron-microsnopical investigations showed that the separation

and coagulation of the strengthening a“-phase was more intensive during continuous
cooling-off from high temperatures than during tempering of a supercooled solution; the
particle dimensions depended on the cooling rate, In slow cooling a hexagonal phase

was revealed together with the ]"-phase. Measurement of the temperature dependence

of specific heat capacity and measurements of electric resistance and dilatometrical
data, showed that two processes took place: namely, within the 700 - g900°9C temperature
range, a process connected with the formation of a phase in the solid solution, and a
process of developing a K-state below 700°C; whose thermal effect was equal to

1.35 cal/g. The first process shifted the maximum of the K-state formation slightly
towards the lower temperature side, It is assumed that the origination of the K-state

i1s due to the formation of Guinier-Preston type zones in areas with increased concen-
tration of alloying elements; 1t is characterized by the occurrence of a specific ,
micro-relief. There are 12 biblilographical titles,

V.R.

Card 2/2
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SOV/137-59-1-1097
Translation from: Referativnyy zhurnal. Metallurgiya, 1959, Nr 1, p 149 (USSR)

AUTHORS: Van'-Zhun!, Livshits, B.G.
m

' The K-state and the Phenomer.on of Recovery Upon Aging
(K-sostoyaniye i yavlieniye vozvrata pri starenii)

PERIODICAL: Nauchn. dokl.
174

TITLE:

vyssh. shkoly. Metallurgiya, 1958, Nr |, pp 169-

ABSTRACT: The authors studied aging in the 300-900°C temperature range of
the Fe-Ni-Nb alloy after quenching in water from 1150°. Upon
aging in a low temperature range (300 - 600°) the electrical
resistivity and hardness increase, while the saturation magnetization
decreases, which indicates the appearance of a K-state. In the high
temperature range the changes of the properties exhibit a reverse
character indicating an aging process accompanied by the separation
of a second phase, which fact is verified by metallographic analysis.
The activation energy of the low-temperature process is
~40, 000 cal/g-atom, that of the high-temperature process is
~ 71,000 cal/g-atom, i.e., both are diffusion processes. The
authors also examined the phenomenon of the recovery of properties

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"
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SOV/137-59-1-1097
The K-state and the Phenomenon of Recovery Upon Aging :

after aging with a short (5-sec) heating to 700°. A complete recovery of the

properties is detected only prior to the separation of a second phase. Both proc-

esses examined develop independently and can proceed simultaneously.
: L.Vv.
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AUTHORS:

TITIE:

PERTODICAL:

ABSTRACT:

Card 1/2

Yeliseyev, S. A., Livshits, B. G. S0V/163-58-1-32/53

T R —
The Comparison Between the K-State and the "Increasing Diffusion"
in Some Iron Alloys (Sravneniye k-sostoyaniya i '"voskhodyashchey
diffuzii" v nekotorykh zheleznykh splavakh)

Nauchnyye doklady vysshey shkoly. Metallurgiya, 1958, Nr 1,
pp 175-181 (USSR)

The effects K-state and "increasing diffusion" are two phenomena

occurring in the steel melt.
The formation of the K-state in iron alloys is characteristic

of_ the increase in the electric resistance and the simultaneous
increase in the hardness of the alloys.

The "increasing diffusion” effect is also characterized by an
increasing hardness and a decreasing electric resistance in the
alloys.

The %two effects K-state and "increasing diffusion” were in-
vestigated and the differences were explained.

In alloys in which no K-state occurs after annealing and
hardening such an effect dces not ococur after deformation.
There agre 4 figures, 2 tables, and 11 references, 6 of which
are Soviet.

|
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S0V/163-58-1-32/53
The Comparison Between the K-State and the "Increasing Diffusion" in Some
Iron Alloys

ASSOCIATION: Moskovskiy institut stali (Moscow Steel Institute)

SUBMITTED: October 1, 1957

Card 2/2
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_AUTHORS :

TITLE:
PERIODICAL:

ABSTRACT:
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Livshits, B. G.;, Makhukov, N. G, 80V/163~58-2-43 /46

e
Investigating the Hardening of the Cold-Deformed Alloy K4CKKBM.

LIssledovaniye o..puslm kholodnodeformirovannogo splavae K4QNKhM

Nauchnyye doklady vysshey shkoly. Metallurgiya, 1958, Nr 2,
PpPo . 239-242 (USSR)

To investigate the micro structure of the cold-deformed alloys .
with 0,05% oarbon after the hardening to 600°C the alloy KACNEHEM:
wag used. The influence of the temperature of Lardening on the
extent of internal friction in the alloys of the type K4ONKhM&wr
investigated. In the ourves plotted a maximum jump may be found
at 300-350°C. This maximum is dependent on the relative mixing
of the cerbon and ithe atoms of molybdenum and tungsten. The
extient of the maximum increases with the increase of the carbon
concentration and the extent of deformaticn. The separation of
molybdenum and tungsten formed decreases this maximum in the
hardening after ccld treatment. The investigations showed that
in the alloys of the type K4(NKhM in the case of a hardening
after riveting processes take place which are analogous to the
pronesses occurring in the alloys Ni~Cr, Fe~Al, Fe~Si, Fe-Ni-Mo,
and which are analogous to the prooess of natural aging in

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"
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_ sov/163-5e-2-43/45
_Investi‘gating the Harde 2ing of the Cold-Deformed 4lloy EKACNERM

aluminiggy alloysy In the inveetigaticns of %he internal friotion
earben coours 23 indicator ip the formation of the K-state of
the'alloysn'Thsra'are 4 figureg, 1 table, ang 11 reférenoes,

10 of whisgh are Soviet,. '

ASS0CIATION: Moskévskiy institni stall (Moscow Institute of Steel)
Ingtitus prevsizioennykn srlavov TsNIIChu (Insti‘:ute of Precision
Alloys of the TsNIIChM)

SUBMITTED: November 25, 1957

CIA-RDP86-00513R000930230007-7

APPROVED FOR RELEASE: 03/13/2001



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R0009302

AUTHORS:
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ABSTRACT:
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Livshits, B. G., Nyuller, N. I. SO0V/1563- 58-3-33/49
\—-_—_

The Investigation of the Phase Bquilibrium in the Systenm
Cobalt - Chromium - Aluminum (Issledovaniye fazovogo
ravnovesiye v sisteme kobtal't - khrom - elyuniniy)

Nauchnyye:doklady vysshey shkoly. Metallurgiya, 1958,
Hr 3, pp 201 - 206 (USSR)

In the present paper the diagram of the phase equi-
librium in the system Co-Cr-Al was determined. Within
the range 5f concentration of the triangle Co-Cr-4l
the ranges of the «+9 ~vhase were investigated based
on tke results obtained; this was done by constructing
the three isothermal sections at 1250°, 1000° end 800°.
Furthermors the phase equilibrium at 12509, 1000° and
800° C was investigated. The samples investipated

were maintained at the respective temperatures for

1, 5,16 ani 128 hours. The.investigations were carried
out by micro-strucztural analyses and x-ray structurasl
analyses, as well as by determining their microhardness.
All alloys investigated may be divided into two groups:

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"



230007-7
"APPROVED FOR RELEASE: 03/13/2001  CIA-RDP86-00513R000930230007-7

T e ] U A H S
357 L2001 My LHIOASIL T QTR BEYSE IEAtaa T [BOARUR S l
- oy A ALSIR H p LIRS ) 9 i \ |
ST FORARICRS ik . {

. " |
TR SRR P P REZIEAG RIS B t A o '

- The Investigation of the Phage Equilibrium in the SOV/153-55-3-55/49
System Cobalt .- Chron.um - Aluminum

in homogeneous and heterogeneous alloys. The 1at
have two ang three phases. Tye results obtained
made possible the determination of the limiting
pPhase ranges in the investigation of the temperatures
for the cobalt cerners of the diagram Co~Cr-41,

When the temperature ig decreased fropm 1250° to 1000°¢
the phase range a+0 widens with an increase of tpe
aluminup content,; the mono-phase range of ¢ decreases
with an increase of the chromiup content, and the
phase range of g is larger at 1250° than at 10009,

There are 1 figure, 1 table, and 4 references, 1 of
whic' d4g Joviet,

ter

ASSOCIATION. loskovskiy institut stalj (Koscow Steel Institute)

SUBMITTED:~ October 1, 1957
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L 78-3-3-26/47
- AGTHORS: Livshits, B. G. , Khorin, Ya. D.

TITLEs Investigations of the Diagram of the Phase Equilibrium in the
System Co-Cr-Ti (Issledovaniye diagrammy fazovogo raynovesiya
sistemy Co~Cr-Ti)

PERIODICAL: %hurn31 Neorganicheskoy Khimii,1958,Vol.3, lr 3,pp.685-693
USSR

ABSTRACT: In this work the diagram for the phase equilibrium in the
gystem Co-Cr-Ti with a chromium content of up to 55 % and
a titanium content of up to 45 4 was investigated. The
alloys were produced of purest electrolytically produced
chromium, pulverulent titanium and cobalt in a crucible
tungsten furnace cf the type IBB-2 in a vacuum and argon
atmosphere. In the phase-equilirbium diagram of the system
Co-Cr the boundary between the solid solution of chromium
in cobalt and the 6-phase were determined. It is only in
the alloys with 36 - 37 % that a smaller quantity of the
o'-phase occurs. The experiments showed that the O -phase
in the systenm Co-Cr directly forms from the liquid meX . The

Card 1/3 phase-equilibrium diagram of the system Co~CoTi was also

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"
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Investigetiong of the Diagram of the Phage EqQuildbriyg in

constructed, The microstry
that the Co-T4
’

Pto7 .g4
congist of tpe € -phase, (Solig solution of

gonal cobalt), 1pe X-ray investigationg with 28,30 4 ang

32 % titaniup showed that tpe compound Co,_ P4 Possesses ap
hexagonal modification, The

the gygten Cr-Ti

titaniup in chr
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Investigations of the Diagram of the Phasge Equilibrium in the Systen Co-Cr-T4
o 5) The chemical compound with
position: 0o, Ccp

references , of
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T1. There are 5 figures, 2 tables, ang 9
which are Soviet, . '
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AUTHORS : —Ldvahits, B. G., Makhukov, §. g, S07/163-58-4-28/47
IITLE: Kinetics and Mech

ge in Annealing a

Kinetika i mekhanizm
ske
annogo splava tipa K40NKhM)

PERIODICAL: Nauchnyye doklady v
pp 169-173 (Ussg)

ABSTRACT: Examination of SPring alloys of the K4ONKbM type with a
Co-Cr-Ni-~Fe basig permitted (Ref 1) an analogy between the
pProcesses taking place during the heat treatment of thege
austenitic alloys and thoge occurring during the heat
treatment of other one-phase alloys guch ag Ni-Cr, Fe-A1,
Fe-Si, Fe-Ni-Mo. A maximum is observed at 400-500° on the

Cold-Worked Alloy of the K4ONKMLType (

strukturnogo prevraghcheniya pri otpu
kholodnodeformiroy

ysshey shkoly, Metallurgiya, 1958, Nr 4,

of kineticg of the
The occurrence of maxima on the
O processes in the alloy that - at

annealing process are given.
Card 1/3 kinetic curves points t

|

230007-7"
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Kinetics and Mechanism of Structural Change SOV/H63-58-4—28/47
in Annealing a Cold-Worked Alloy of the K4ONKhM-Type

isothermal retardation - are opposite as to their influence
on properties. In the opinion of the authors, the formation
of the K-stata leads to an increase of hardness. The

electric resistance increases due to a reduction of mobility
of the electrons (Refs 6, 7). The forming zones have
dimensions in the order of magnitude of the free path of
electrons, increasing their straying. A partial softening of
the alloy at isothermal retardation is connected with the
course of the recovery process after cold hardening. This ig
confirmed by the dilatometric curves at isothermal
retardation, and by the curves of the actual elongation
factor and relative elongation. It is shown that in a
hardened (not cold hardened) alloy with the structure of a
more or less homogenous solid solution only one process takes
place in heating (formation of the K-state occurs up to 5500,
and a gradual destruction of the same at a temperature between
550 and 650°). The second process (the recovery) is missing.
It is shown that cold hardening greatly reduces the elastic
modulus (in the given case by 20 %}, and therefore the
interatomic binding poweras too. Subsequent annealing at
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Kinetics and Mechanism of Structural Change S0V/163-58-4-28/47
in Annealing a Cold-Worked Alloy of the K4ONKhM-~Type

different temperatures (for 4 hours) increases the
elastic modulus. This is connected with the formation of
the zone of Gin'ye-Preston'sg type (K-state). There are
5 figures and 11 references, 4 of which are Soviet.

ASSOCIATION: Moskovekiy institut stali (Moscow Steel Institute)
Ingtitut pretsizionnykh splavov TeNIIChM (Institute of
Refined Alloys of the Central Scientific Research Institute of
Ferrous Metallurgy)

SUBMIPTED: December 28, 1957
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AUTHORS :
QITLE:

S0V/126-6-1-15/33
Avraamov, Yu, S,, Belyakov, L. N. and Livshits, B. G,

Internal Friction Peaks in Ni-Cr Base 8olid Solutions
(Piki vnutrennego treniya v tverdykh rastvorakh na
baze nikel!-khroma)

PERIODICAL: Fizika Metallov i Metallovedeniye, 1958, Vol 6, Nr 1,

ABSTRACT:

Card 1/2 .

pp 116-121 (USSR)

The alloys used were 20% Cr, 0,0% C, balence Ni, and
20% Cr, 2.48% Ti, 0.68% Al, 0.0%% C, balance Ni
(nichrome and nimonic respectively)., Torsional
oscillations in vacuc, using an appsratus not described,
were employed, Fig,l shows the effect of variable

gprain slize groduced by quenching from various
es

temperatur on the igternal friction-temperature curve
for nimonic (up to ZSO C%; two peaks are found, at

150 (4) and 650-660°C (E) respectively. The latter is
caused by grair boundary displacement. Fig.2 gives
similar curves for nimonic¢ of low and high carbon
contents, the latter after quenching and ageing. Fig.3
shows the same for nimonic containing varying amounts of
™. From these results it is concluded that the A peak
is related to the presence of Ti, as no deformation is

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"
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80V/126-6-1-15/33%
Internal Friction Peaks in Ni-(Cr base solid solutions

involved, and the peaik rises with Ti content. The
exact shape of the peak is affected by 8geing at 520°C,
and completely removed by ageing at 575°C for eight
hours, Fig.4 illustrates the results of applying
various heat-treatments to the alloy, The effects are
related to the formation of a K-state in the o' solid
solution, The fact that the A peak tends to split into
two separate peaks, which behave differently, is not,
however, dlscussed.

There are 4 figures and B3 references, 5 of which are
Soviet, 3 English.

ASSOCIATION: Moskovskiy institut stall (Moscow Steel Institute)
SUBMITTED: October 22, 1956

1. Nickel alloys--Physical properties 2. Nickel alloys—-
Mechanical properties 3. Grains (Metallurgy)--Metallurgical
Card 2/2 effects 4. Titanium--Mstallurgical effects
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SOV/126-6-.1;-12/34
AUTHOR: = Yelimeyev, S.A. ,

Livshits 3 BeGorr

TIIE: Investigation of FPhase Transformations in Certein

Iron~-Base Alloys (Issledovaniye fazovykh prevrashcheniy
v nekotorykh zheleznykh splavakh)

PERIODICAL:Fizika Metallcv i Metallovedeniye, 1958, Vol s,
Nr 4, pp 657-661 (USSR)

ABSTRACT: There are large numbers of alloys which, in spite of
the fact that according to met¥allographic evidence they
consist (within a wide tiemperature interval) of one
phase only, may, in this tempe rature rangs, undergo
Vransformations accompanied by changes of %heir wvarious
propervies. 4lloys of +he composition corresponding to
the formulae Nizln (Ref.l), NizFe (Ref.2) and
others, undergo”a disorder—ordsr Hransformation. A4lloys
of the "Nichrome" #ype convaining 20-30% Cr (Rof.},#,sg,
¥he iron-base alloys with 36% Ni and 1-8% Mo and
cortain other materials are characterised by o
strucbural condivion, sbvable at low %emperatures and

" Card 1/7 refexrred to as the K-stats. The disorder-order

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"
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S0V/126-64412/3%. -
Investigation of Phase Transformatious in Cortain Ircn.-Base illoys

Sransformations are accompanied by a denrease of ths
electrical resistivity of the &lloy, while &
bransformation from the normaj %0 the E-state 1esults
in an increase of this broperty. In bobh cazas
_ hardnass is increased and :ome other proportivs are
- alsa affected. For obvious reasons, fresdom frox
- transformations of this Gype is very importent in the
case of single-phase alloys used For tha preparation
of wire strain-gauges, and the object of the present
investigation was to ascertain whether such
bransformations occur in cerbalr irod-base &lloys.
The main alloying constitvent of the 5 investigated
alloys was wanadium (8-144). Alloys Fo.3 and 4
contained in sddition 2.15 and 2.9% molybdenun, while
2lloy No.5 contained 1.15% aluminium. The carbon
contient of the alloys, whose complete chemical
analysis is given on p 658, did not sxceed 0.035%.
High purity metals were usad for the preparation of the
Card 2/7 alloys which were malted in argon, in a H.F, Induction

P R R e e IR S I AR T
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50V/126-6=412/34
Investigation of Phase Transformations in Cerbain Iron-Base Alloys

furnace. After a homogenising treatment the cast
ingots were forged to 8 mm diameter rods from which one
group of experimental test pisces were prepared. Im the
first series of experimnts, the as-forged specimens
placed in evacuated ampoules and quenched from 11500C
were aged for 4 hrs at temperatures ranging from

350 0 650°C, and hardness Hy, electirical resistivity @,
and magnetic saturation 4MJg of Yhe alloys both in the
quenched condition and after ageing were measured. The
results reproduced graphically on Fig.l show that in the
case of alloys No.l1,2,5 and 4 (the Fe-V and Fe-V-Mo
alloys) the heat treatment had no effect om any of the
investigated properties. Sinee no characteristic poinbs
were observed on the dilatometric curves taken on the
specimens of these alloys heated ang cooled at the rate
of approx 2°C/ninuto, and since in all kuown cases 4he
disorder-order transformation and dhe Yrunsformgtion
leading to the formation of the E-state occur in the
Yemperature range employed in the present investigation,
the experimental results were Yaken to irdicate that no
Buch transformations occur in these 4 alloys. On the

e

I -3
3 il RORETPT
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(Re£.9), the causeg and Yhe
K~state are the
Robensiki effect, known also
diffusion” (Ref.6 and
that in the

takns.placo in the

dislocations. If thi

which also Tesults
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Investigation of Fhase Pransformations in Certain Iron-Base Alloys
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plastically deformed alloy is annealed in a certain
temperature rangs below the recrystallisation temperature -
bas bsen shown on the example of sluminium bronze (Ref.7)
%o cause a decrease of electrical resistivity. In order
%0 ascertain whether the same applies in the case of
other materials, and to find out whethsr an alloy in
which no K-state is observed after quenching and 7..9ing
ig free drom this effect also when annsaled after having
been plastically deformesd, the investigated iron-base
alloys, previously subjected to 40% plastic deformation,
were annsalsd at 400 and 450°C, and the variation of
their hardness and electrical resistivity (Hy and @) was
measured, the time-dependence of these properties being
reproduced graphically on Fig.2 and 3. No evidence of
ngnabasic diffusion” was found in the case of alloy Fo.l,
but it was observed in alloys No.2, 3 and 4 whose Hy
increased and @ decreased during the apnealing
ireatment. In alloy No.5, ¥he increase of Hy was
accompanied by a slight (1%) increase of ¢ , which
indicated that in this case the transformation from
pormal to the E~state had occured. I¥ was concluded

CIA-RDP86-00513R000930230007-7"
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! S0V/126-6-4-12/34

Investigation of Phase Transformations in Certain Iron-Base Alloys

from these results that: (1) Alloys in which no
trarsformation to K-state occurs during ageing of
previously quenched specimens, are also free from this
effact while being annealed after having been subjected
to cold, plastic deformgtion. (ii) The effects of a
transformation from normal to the K-state are different
from those of "anabatic diffusion"., (iii) In iron-base
alloys which contain elements characterised.by the
body-centred cubic crystal lattice, and in which no
elements crystallising in the face-centred cubic lattice
are present, the transfermation from normal tc the

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"
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AUTHORS: Avraanov, Yu. S., Livshits, 2.C ., SOV/48-22-10-19/23
Osvensk.y, Y. B. ~——

TITLEs Modification of Structural Transformations in Permalloy Dusiog
Alloyirg With Molybdenum (Izmeneniye struk turnykh
prevrashcheniy v permalloye pri legirovanii molibdenom)

PERIODICAL: Izvestiya Akademii nauk S3SR. Seriya fizicheskays, 1958,
Yol 22, Nr 10, pp 1263 - 1268 (USSR)

ABSTRXCT: On the basis of measurements of the electric resistance,
of the strength, of the temperature dependence of the
internal friction, and of the saturation magnetization in
the present paper the nature of the structural transforma-
tions in Fe-Ni-Mo alloys was explained and the critical
terperature range was exaotly defined. The examined alloys
ere listed in the table. The information collected permits
to draw the following oconclusions: In the hardened solid
alloy the molybdenum atoms are in the free state, For this
reason under the influence of the external strains a co-
ordination takes place without hindrance, i.e. & new orienta-
tion of the atom-pairs of molybdenum (according to the model
by Siner). Whea the alloy is worked unto the K-state, zones

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"
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Modification of Structural Transformations inBawwlluy 90V/48-22-10-19/23
Duving With Molybdenum

(of the type of the Guinet (Gin'ye) - Preston zones)
containing the molybdenum atoms are formed. The alloy

beh ves as if an intraphase separation had taken place in
it. The molybdenum atoms in this case are no longer in the
free state and therefore cannot participate in the coordina-
‘tion under the action of a strain. Therefore the maximum

of the internal friction initially decreases and in the case
of a protracted tempering completely disappears. The measure-
ments of the internal friction showed that the molybdenum
atoms in the case of the formation of the K-state apparently
are removed from the solid solution. This fact proves that
in solid solutions during the process of tempering zones

are forming whioch contain the molybdenum atoms and which in
their composition differ from the basic solid solution. The
investigation of the temperature dependence of Young's
modulus in Fe-Ni-Mo alloys showed that this modulus increases
when the K-state forms. There are 5 figures, 1 table, and
11 references, 7 of which are Soviet.
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B.&., Doctor of Technical Sciences, Professor

- ~ Livshits,
Pizicheskiye svoystva metallov 1 splavov (Physical Properties of
Metals and Alloys) [#th ed,, rev.] Moscow, Mashgiz, 1959. 368 p.
Errata slip inserted. No. of copies printed not given,

Reviewer: Ye.I. Kondorskly, Doctor of Physics and Mathematics, Pro-
fessor; Ed.t A.G. Rakhshtadt, Candidate of Technical .clences,
Docent; Managing Ed. for literature on Metalworking and Machine-
Tool Construction (Mashgiz): R.D. Beyzel'man, Engineer.

schools of higher

PURPOSE: This taxtbook 1s intended for students of
It may also be use-

technical education specializing in metallurgy.
ful to staff members of plant laboratories and soientific research

institutes,
COVERAGE: The book deals with ¢

cal, elastic, and other prope
18 given to the relationshlp

hermel, volumetric, magnetic, electri-
rties of metals and alloys. Emphasis
between physical properties and compo-
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Zhyslcal Properties (Cont,) 30V/4062
sition and structure. The use of physical methods for solving
problems in metallography and heat treatment of metals and alloys
is also discussed. Chapter IX was written by Candidate of Techni-
cal Sciencss Yu.,V. Piguzov; pages 312-315 of Chapter VIX were
written by Candidate of Technieal Sclensces N.A, Solov'yeva. There
are 392 references, primarily Soviet, English, and German,

TABLE OF CONTENTS:

Preface 3
Ch., I. Metallic Elements and Compounde 5
Solid solutions 12
Intermediate phases 14
Chemlcal compounds 19
Ch. II. Heat Capacity and Enthalpy . 21
Basic quantities and relationships 21
Methods off calorimetric and thermal analysis 22
Thermal properties of metals 33
Thermal prroperties of alloys 46

Card 2/7
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18(3), 18(7) , 5C7/163-59-1-33 /50
. AUTHOLS: Wang Jun | Livehits, B, ¢., Usikov, M. P.
TITLE: Rehabilitation Phenomena After Aging in the Alloy N36KhT

(Yavleniye vozvrata avoystv posle stareniya splava H36KhT)

PERIODICAL: Nauchnyye doklady vysshey shkoly. Metallurgiya, 1959,
Nr 1, .pp 170 - 174 (USSR)

ABSTHRACT: The investigation of the non-magnetic corrosicn resistant
5rring alloy N36KhT (Ref 1) showed that after hardening at
temperaturcs ahove 900° an oversaturated solid solution
was formed. A consolidation occurs if the alloy is aged
afterwards. The consolidating phase is the intermediate
phase of the (Ni,Fe),Ti-type with a hexagoral lattice. The
electric resistance éf the alloy increases in the initial
ctage of aging at 400-6000, and decreases at higher temper-
atures, This anomalous phenomenon has for the first time
been discovered in Al-Cy alloys (Ref 2), The congtituents
of the alloy unier consideration are as follows: 34.5¢% Hi,

Card 1/4 12.43% Cr, 3.62% Ti, remainder Fo, The maximum increase
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Rehabilitation Phenomena After Aging in the Alloy NZ6¥hT SCV/163_59_1_35/50

of the electric resiztance was found at 400—5000 and a
halting time of 15 hours. If aging is carried out above
600° the electric resistance decreases reaching its rininum
value at 700°, The metallographic analysis showed that the
consolidating phase separates only at 5C0° and above, Hence
it appears that during aging two processes occur in the
alloy N36KhT, which, hovever, cannot clearly be distinguishad
in the temperature curve. In order to determine the nzature
of the process at lower temperatures the influence of cold
working upon the properties of the samrles was investigated,
The rehabilitation ghenomena vere investisated after aging
at 400, 450 and 500°, This cffect was also agcertained with
the help of a dilatometer. The investigations allow to make
the following statements: The aging process in the alloy
N36KhT proceeds in two stases. At 400-500° it is primarily
that of a formation of the K-state, whereas at temjeratures
above 500 © the (ni, Fe),Ti-phase is primarily separated.
The increase of the hnrdaess and of the ecleciric resistance
by aging at 550-5500 is basically due to the K-state, This
Card 24; structurel state is removed by cold working. An eging at 560°

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000930230007-7

e ;‘-Li‘.tifb‘ﬂ{iﬁﬁﬂlﬁ%iﬁﬁ S TPEEBR Ei‘yfi‘ SR 31’.&% mwmgw%:m vaﬁ E‘““.@.«Q 153 FRg st "“rsi}.:..f.’l

Rehabilitation Phenomena After Aging in the Alloy N36Kh?T SOV/163-59-1-33/50

after cold working leads to a rehabilitation of this siate,
The anomalous rise of the electric resistance due to aging at
low temperatures is apparently a result of an independent
process (the formation of the K-state) and not a result of
the preparation for the separation of the second phase. The
incomplete rehabilitation of properties indicates that by

& short-term heating to high temperatures the K-state is
destroyed, whereas the separations of the second phase are
stable. A comparison of the results obtained in this work
with earlier results (Ref 6) shows that in N36KhT the same
processes occur during aging as in Invar steel alloyed with
niobium. A comparison of the aging process in alloys of

the Fe-Mo-, Fe-W-, and Fe-Ni-Nb systems (Refs 6,7) with that
of N36KhT indicates that the rehabilitation of properties

is found in such alloys, in which an anomelous modifica-
tion of properties (primarily of the electric resistance)
occur in the intial stage of aging, which is connected with
the formation of the K-state. There are 4 figures and 7
references, 4 of which are Soviet.

e 3} Phovgory sl Fnol.
W e, 1958

£
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AUTHORS: Livshits. B. G., Makhukov, N. G. 50V/163-59-1-34/50

—————

TYITLE: Mechanism of Strdgghral Transformations Qzcurring During the
Drawing of Cold-worked Alloys of the Type K4ONKhM
(Mekhanizm strukturnogo prevrashcheniya pri otpuske
kholodnodeformirovannykh splavov tipa K4ONKhM)

PERIODICALs Nauchnyye doklady vysshey shkoly. Metallurgiyse, 1959, Nr 1,
pp 174-178 (USSR)

ABSTRACT: The drawing of cold-worked spring alloys of tke type K4ONKhM
at 400-500° leads to an increase in hardness, to a rise of the
proportional limit, of the electric resistence and of Young's
modulus. In other papers (Refs 1, 2) the authcrs voiced the
opinion that by drawing the temper of these alloys a K-state
results. This state is characterized by tnae existence of
segregates of homogeneous atoms of the Gin'ye-Preston zone type.
By using the dilatometric method it was demonstrated that ir
drawing cold-worked alloys of the K4ONKhM type two processes
are released. They result in a reduction of tke volume and of
the strain coefficient. From the information gained by
measurements of internal friction (Ref 1) it was assumed that
the K-state in alloys of a K4ONKhM type consists in the
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Mechanism of Structural Transformetions Occurring S0V/163-59-1-34/50
luring the Drawing of Cold-worked Alloys of the
Type K4ONKhM

formation of segregations of molybdenum end tungsten atoms.

Two alloys were investigateds the Co-Cr-Ki-Fe basis of the
K40NKhM alloy, and the same basis, to which molybdenum was
alloyed additionally. The investigation showel that an addition
of molybdenum facilitates the formation of a K-state in the
alloy, and that in this process also other atoms (probably
chromium) perticipate. & similar influence is also exerted by
molybdenum upon the elastic limit of the alloys. After drawing
at 5009 the elastic limit of a molybdenum alloy increases from

110 to 160 kg/mmz. If the drawing temperature is increased
the elastic limit is reduced. The data collected demonstrate
that the high elastic limit of such an alloy is due to the
molybdenum (end tungsten) content of the solid solution. An
increase of the electric resistance, which is typicel of the
K-state, was found in the molybdenum alloy. In the alloy
containing no molybdenum no anomalous increase of the electric
resistance was found. In conclusion it is said that the

Card 2/5 improvement of the elastic properties can mainly be ascribed to
.
. e i i S |
Yo i3 2 ,.z% SRS E ; ' B 5 iy
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. Type K4ONKhM

the presence of molybdenum in the alloy and that the carbon
constituent plays only a minor part in the increase of
Young's modulus and of the electric resistance due to drawing.
There are 3 figures, 1 table, and 2 Soviet references,

ASSOCIATION: Moskovekiy institut stali (Moscow Steel Institute)
SUEMITTED;: May 20, 1958
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AUTHORS : Weng Jun ) W——
TITLE: Phenomena of Recovery Properties After Aging of the Alloys

Fe-Mo and Fe-W (Yavleniye vazvrata svoystv posle gtareniya
aplavov Fe-Mo 1 Fe-W)

PERIODICAL: Nauchnyye doklady vysshey shkoly. Metallurgiya, 1959,
Nr 2, pp 227-232 (USSR)

ABSTRACT: The recovery of properties after aging was jnvestigated in
the systems Fe-HMo (21 and 13 Mo) end Fe-W (16 and 9% ").
Trhe samples were hardened and thern tempered at different
temperatures and stored for aging. The dependence of the
properties of the Fe-lo (21% Mo)- and Fe-¥ alloys (167 W)
on the tempering temperature was investigated and the re-
sults are given in figure 1. The kinegic aging curves in
the Fe-Mo aslloys (12% Mo) show at 500° that the aging process
proceeds in three stages; gpontaneous decomposition in the
case of an aging duration of 30 minutes; colloidal equilibrium
after an aging of 1 - 10 hours and coalescence after en
aging duration of more than 10 houre. mne change of the
progertiee in Fe-Mo alloys in the came of heating below
card 1/2 400° is given in figure 4. The alloy of the gystem Fe-W (16% W)

AT
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sov/ 126-8-3-12/33
AUTHORS! W and Makhikov, N.G. /
TITLE: Investigation of the Tempering Process of the Cold
pgformgd Alloy K4ONKhM .

PERIODICAL: Fizika metallov i metallovedeniye. 1959, vol 8, Nr 3
pp 400-405 (USSR)

ABSTRACT: The alloy K4ONKhM has a complex chemical composition
with the system Co-Cr-Ni-Fe as its basis. porodkina,
Makhukov and golt'ts have shown (Ref 1 and 2) that the
alloy, as quanched from a temperature of 1100 to 1150°C,
possesses & one-phase structure with a face-centred cubic
lattice. On cold working bY rolling or wire-drawing,
followed by tempering at 400 to 500 €. the alloy acquires
high elastic properties. strength and hardness. Fig 1
shows the change in hardness, elastic limit and electrical
resistance of a K4ONKhM alloy, containing 0.05% C, omn
tempering (soaking for 2 to & hours) after & 70% cold
deformation. The authors of this paper undertook an
investigation of this alloy with the aim of establishing
~the mechanism of hardening during tempering. The chemical
. composition of the alloys investigated ig given in the
¢ card 1/4 table on p 401. In Fig 2, the % elongation and the tri;///

- =wunzit€¥ ‘on the magjé}yA§-
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SOV/126-8-3-12/33
Investigation of the Tempering process of the Cold peformed Alloy
Kl ONKhM

of the peak of jnternal friction of KLONKhM alloys of
the following carbon contents: a -~ 0.12%, b - 0.05%.

B - 0.015%. (state of the alloys before tempering:

l - deformed 70%, 2 - deformed 30%, % - water quenched
from 1100°c.) The authors arrive at the following
conclusions: 1 Two jndependent processes take place
during temperi i 1d worked K4ONKhM type alloys.

One of them occurs i e temperature
range 300 to~350°c formation
of atomic segregation i

(K-state). The second

the temperature range 550 to

precipitation o

as well as to

recrystallization. temperature process is
accompanied by increase in hardness; elastic limit,
modulus of lectric resistance and by a
decrease in volum . .ient of expansion
of the alloy. B i jution (after
deformation) of alloys © containing
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lnvestigation of the Tempering Process of the Cold Deformed Alloy

- K4ONKhM

SUBMITTED:

Card 4/4

atoms of metallic components of different diameter and
carbon atoms, a peak appears on the curve Q-1(T) for
internal friction at 300 to 350°C. This peak is due to
the relative displacement of carbon atoms and atoms of
large atomic diameter (Mo, W). 4. The magnitude of the
internal friction peak increases with increase in carbon
concentration and degree of deformation. 5, The
segregation of Mo and W atoms is the reason for the
decrease in the magnitude of the internal friction peak
on tempering after cold working. This enables the process
of the K-state formation to be studied by the internal
friction method. 1In such an investigation C serves as
an indicator for the formation of segregation of the
constituent metal atoms. There are 8 figures, 1 table
and 12 references, 9 of which are Soviet, 2 (3erman and

1 English,

August 12, 1958
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AUTHORS: Livshits, B.G., AvraamoVv, Yu.S., Osvenskiy, V.B.,
Mezhennaya, 35.0. and Belyakov, L.N.

TITLE: Internal Friction of Metastable Solid Sqlutions

PERIODICAL:Fizika metallov i metallovedeniye, 1959, Vol 8, Nr 3,
pp -440-448 (USSR)

ABSTRACT: The alloy of stoichiometric composition Ni3Mn and alloys
of the same composition alloyed with 1.34 and 2.77% Mo,
respectively, were studied by measuring the temperature
dependence of internal friction. Using this method, Ni.Fe
type alloys without molybdenum and those alloyed with
molybdenum, and also EI437A type alloys (nimonic) were
studied, The chemical composition of the investigated
alloys is shown in the table on p 441, The internal
friction was measured in wire specimens, 300 mm long and
0.7 mm diameter, in vacuum. The alloy NisMn is an ordered
alloy with a Curie point of approximately 350°C (Ref 10
and 11). In the curve showing the temperature dependence
of internal friction of a quenched NisMn alloy (quenched
from a temperature above that at which orderin occurs)
two peaks, A and B, with maxima at 120 and 290 C are J/

Card 1/4 observed (Fig 1). In the curve of the temperature
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friction of a deformed Ni Mn
alloy (75% derormation), the peaks A and B remain and

an additional peak, D; having a maximum at 226°c,
appears; the general level of internal friction rises
sharply (Fig 2), An additional preak, ¢, having a
maximum at 316°c, ig evident in g carburized NisMn alloy
containing 0,35% ¢ (Pig 3)., The appearance of thig peak
is due to the diffusion of carbon atoms in the elastic

stress range, During the i f the influence
- of alloying the NisMn solid solution with
was found that s i

In Fig 5, the influence
dence of a Ni3Mn

1t is
an alloy containing 2.77% Mo.

Card 2/4
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friction of the alloy Ni

; tempered alloy,

ordering alloys with that of allo
; structure at lo-

increase
egregation (K~state) in the solution.
The same can be said about titanium in the alloy EI437
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e internal friction
fferentiation between

There are 9 figures,
hich are Soviet and

Internal Friction
(Fig 9). Thus measurement of th
(metastability peaks) renders di
ordering and K-state possible.

1 table and 19 references, 12 of w

7 Western.
SUBMITTED: August 12, 1958 /
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PHASE I BOOK EXPLOLTATION sov/4248

Livshits, Boris Grigor'yevich, and Vladimir Sergeyevich L'vov

Vysokokoertsitivnyye splavy na zhelezonikel'alywsiniyevoy osnove (Bighly Coercive
Iron-N ickel- Alu mimum Base Alloys), Moscov, Metallurgizidat, 1960, 157 p.

Errata slip inserted. 3,200 copies printed,

Ed.: Yu, F, Avraamov; Ed, of Publishing House: AL, Ozeretskaya; Tech, Ed,:
L.V. Dobuzhinskaya.

PURPOSE: This book is intended for physicists specializing in magnetometry and
physical metallurgists studying problems of structural transformations and

physical properties of highly coercive alloys.

COVERAGE: The book deals with the present state of Jnowledge of highly coercive
jron-nickel-aluminum-base alloys according to Soviet and non-Soviet data and
+he basic scientific problems involved in the achievement-of high magnetic
properties for these alloys. The topics discussed include the phase equili-
brium of ternary and more complex systems based on {ron-nickel-alumirum alloys,

Card 1/4
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Highly Coercive Iron -Nickel-Aluminum Base ‘Alloys . sov/u2u8

the kinetics »f phase transformations and the fundamentals of heat treatment.
Data on the effect of alloying elements on magnetic and other properties of
iron-nickel-aluminum-bage alloys are presented, Examples of the utilization
of the alloys in mamufacturing and the results of a statistical analysis of
magnetic properties under conditions of mass production are given. No per-
sonalities are mentioned, There are 125 referencest 68 8oviet, 38 English,

17 German,
TABLE OF CORTENTS:

Introduction 5
Ch. I. Phase Bquilibrium Diagrams of Iron-Nickel-Alumirum-

Base Alloys 11
The iron-nickel-aluminum system 11
The iron-cobalt-nickel-aluwminum system 23
Ch., II. Kinetics of Fhase Transformations 29
Investigation of the kinetics of regular and
irregular aging of Fe-Ni-Al alloys _ 29
Study of the mechanism of aging of Fe-Ni-Al alloys ko
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Effect of stresses on the magnitude of coercive force 50
Ceuses of increased magnetic saturation of Pe-Ni-Al alloys

during heating to 500°-600°C after quench hardening and
"type II" treatment

Ch. III. Structure Formation After Regular Heat Treatment and

Heat Treatment in a Magnétic Field
Study of highly coercive Fe-Ni-Al alloys after regular heat treatment 55

Study of highly coercive Fe-Ni-Al alloys containing cobalt after heat

25

treatment in a magnetic field 69
Ch, IV. Effect of Alloy Composition on Technical Properties 83

The effect of nickel and alumimm 83

The effect of silicon, manganese, and carbon 94

The effect of copper on the magnetic properties 100

The combined effect of copper and cobalt on the properties

of Fe-Ni-Al alloys 108
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