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Structural State and Hoat R&sistance of Alloys

by

Dr. Tech. Sc: Prof. I. L. Mirkin and Cand. Tech. So. V.
Z. Tseytlin

-lastic defo'mation during creep) as well as destruction, appear to be pro-

cesses, developi.A gra4ually in the metal. The rate of the.e processes depunds upon the

temperature &-d applied stress and is determined by the chemical nature (ccmposi-

tion) and structure of the substance.

In raporttlV have been established the Ceneral la,.;s Cov3rning the processes

of creep and de-truct.on and singular (in type) kinetic equations have been derived

V.-'.

where .- time prior to destruction of sample;.•- " period of atom oscillations in the

lattice; U0 - energy of -siun buudu iiu Liuh laLice Cua ht ,, ^ 6u'-•ULati:An);

stress in kg/Jzza; T - absolute temperature ; -ea= - stress effectiveness factor.

In both equations, valid, however, only for comparatively Creater rates of creep,

Uo and gamma appear to be the constants of the substance. This indicates a greater

closeness of reep and destruction processes and gives one more basis to affirm, that

destruction is a process. The magnitude Uo is due to chemical nature of the metal,

and gama is closely connected with its structure*

SN.Zhurkov and T.P.Sanfirov showed, that for aluminum at creep tests U. does

not depend upon the conditions of annealing, but gexix does*

At temperatures, approaching the melting points, A•hen diffusion processes are

prevalent and a quasivisecous flow of the metal takes place, no loubt the decisive
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value for resistance to deforlation and destruction is possesscd by the chemical nature of

the alloy and is .ianifiad by its strength of interatomic bonds of the

basic solid sclution.

lowever in a temperature zone, relatively sharply removed from the melting point

thtre are border line temperatures for given service conditions (X,othe overcom.

ing of which requires a substantial change in chemical nature of the alloys or con-

version into another type of crystalline lattice*

And so, in iron-base alloys with volues-centered lattice it is hardly possible

to obtain a technically valuable long lasting ( 1-10 years) resistance to ;lastic

deform-ation at temperatures, exceeding 9000K (or 630 0 C), even in the case if the

solid solution Fea(C) will be highly alloyed by elements, improving the strength of

interatomic bonds. The practice of obtaining alloys confirms this conclusion.

"o overcins this temperature boundary it is necessary tothange from volume-

centered lattice of a-iron to a more dense face-centered lattice of grna-iron.

This is due first of all to the fact that at equal auto-diffusion temperature in

a less densely pecked Fee lattice the process is aprroxiinately t-wice more Lnteruive

than in the Feg,,, lattice.

But above 1000 - 0.50'K (or -t10C) the cnemical nature of iron-care•un luys,

azpparently, cannot assure the necessary lomg lasting resistance to plastic deformetion ,

and that is why iron-base alloys at any given alloying are still inferior to noniron

alloys on the basis of cobalt, nickel, chromium, molubdenum etce
and

At temperatures, removed from the melting point not reaching *boundary* temn-

peratures the basic structural state of the alloy is of particular great importance.

For co-.iponents of electric power installations, working for a long time at medium

temperatures (tens and hunhreds of thousands of hours, i.e. years and decades),to-

gether with the initial structural state of greater importance is the kinetic factor

determining the ability of the alloy to Yetain for a long time the initial structural

state, assuring high heat resistance ('structural stability' of the alloy ).

FDTNTr-62-1756/1+2 2



Alloys with aluggisa diffusion processes, coagulation processes and volumetric

reactions between the phase components (which causes a small rate of

structural and phase converrions) retain heat resictance for a much longer period

of time, creep and relaxatioA take place at lower rate.

The initial structural state of the metal is determined by the composition and

state of mother (starting) s,.lid solution and sepera'ion phases and also by the

mutual disposition and interaction of these phases*

Heat resistance of basic s Jlid solution appaars to be a function of its chemical

composition, i.e. concentration of various alloying elements in it*

The elements, introduced into the solid s3lution, affect it in various ways$

some do not promote c rise in heet resistanca, and others even re(uce same. For exanpleg

introduction of 20% Fe does not raise the heat resi:1tance of solid nickel alloys.

Heat resistance of the solution can be increa3ed only upon its alloying with

elements, raising the bond forces, inhibiting diffusion and especially auto-diffusion

processes and raising the recrystallization temperature and resistance to shear etc.

It was established, that of mny elements only tungsten slows down shar.ly auto-difftu

sion of nickele

The presence of several elemento (e.g*o, W, Cr, Co and othc'-s) is more effect-

ive than the introduction of an equal in atomic concentration amount of one element.

The diffusion mobility changes non-proportional to the concentration, and different

components give a nonuniform effect.

For example, it was established. that if nickelchrome alloys (with 15% Cr) are in-

troduced to 10% Co, W, Ho and to 2% Nb the heat resistance of the alloys will increase.

The resistance to creep was increased and, which is of special importance, the

relsxation stability* It was confirmed, that siraultoneous introduction into the alloy

of s.veral alloying elements has exerted a more favorable effect on the heat r'sis-

t'.nce, And so, during aUltional introduction of 2 .';b in an alloyc ccntcining 5% of

FTD..T7s662_-1756/i+2 3



Mo anfl 55- of 'J, has conn~iderably increased the lofl; lastinG strength and resiatsuce

to relaxation at 700*-

3u.t solid solutions, even pcly-component ones* alloycd wi4th the rn.ntioned eleenidns

in arnounts, cl.ose to the limit ý,f thoix soluaility, j~cssess relatively low hest ra-

The presence of excescive phases in the 3kel.otal or- finely disperse'1 fcrm or

separation of these, pha~ses during e-rly staLges of aCing (ufter teechnulogicirl annealing)

appcars to be an ordinary condition, for the cretation cf high reoistanco to creep

zind reLixationg

1. Alloyine of nickelchrou'e alloys wiith rnolyb~lenum~tungston and niobiwum in

,,MountS f'ar fro:-n the lirlt of sullahility, door, not Eive u technically suitzblc heat

rezistancee An increa.se in thý, riobiuin contcat to the -iount~orxcceelnC its rolubility

l-ciAt in ruch '311ys MO n), lcrý to thle forna3ticn of noi ortni excess pha,-

ani sharply rakced tho heat reoistance (fig.1). At equal conditionz the rem~ainiiiz

3tressCyt) afiter rel&a:aticn trestiae in a hieteroUacr,13OUZ LICY -was by 100% higher, than

in .3injle phiase.

4:. ,ickelchrwe alloysý in -.,hich AlI

z.iGaraticn l hases. The overý:uturttted 0 2,l~

volutica (after herdaninp) in the pro- O

cess of testine to the b-z-irning, of c-iT Fi~lo,2haiw~e in vbltve ;ft reninirig otress
Lafter 1400 hrs of tertirip for rt~laxaticn

ation off reinforcing phases ý.ossesses at 7330*l'ri a,, incrtasc in niobium con-
tents 15 ke'inra2 5% No -nd'do '4/10 Fe.

c(ýaciJerably lmisr heat resistance than

aUfter their sep.eration. At the bericining thc- -::.te of deformation of the hardened a].-

ICoY is a-.ýroalantEly '3 ti!:.eL Lr~eter than of the anvaaled ones Put, later on, in

r-tio to the sep~zation of reinforcal.-- ýhases, the :,ýaistance of the hardened. alloy

- .l harply (fi3.2) atnd tha rates of de'Ior.;.i. t~cz b,-caa- -3,yvz1 within a peoriod of

10000 b~ra.
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I Inv:Aica t ions, !rzle in o,., labs with a

larGer E~rcu;; of zickelchrmie alloys 'mIl aua -

vuirious a.lditicnal :Aloying, co~nfirm~ed.

4.W6& that the exam.iaes Civen are valid and that

naixa hrijat resi,'anco conl be a:ttained only
FijL.2*IielLzntion cu~rves (r4 am4 crhange

in plastic defcr..atica (b) of :.i Cr -Alcy in heteregeneoun alloys tanI steel or ir'
with 2% Al and 2% T'i -t ýCLO25 kaAi.A'
1-w-.rda.i±rng; 2-hard-n-jnZ and atmenlir~g. !i~:;rnturated tclid rLultiCnS, from ,jhlch

at high texperatureL are sepczted e.xcessive 1phajes. I-1 fic.3 is -hown a rise in timu

to the po~it of disctruction !=InC chanCe over fromi sclid s luticn Fo(!Niecr) t" a

hetW-roC~enccus alley fIolla..el bG- a ri.se in the a~aournt of o.:ce!Sivas Phase.

For '_eterocen_-eus allar C w. for the heterogenoclis state o^ sýu:errsturated 'ml.

icys) of -rc~at L-nj)ort-ance is a!=s thQ ý,tructurd: !£tate of the n-cther scid. s.-lution,

j~rod!uced by tber:.al t.reritnient aze plastic defornition.

To slow do'..n phaze ccnuez-_Ioas: it is .important to redluce the rate of diffusion

in the alloy. This is partliculuwrl iz-,ortent for alloys,working under condition+

creep and relaxation, 'oecaune It was experimentally shown by IM.Koen as wiell as by

I Ya.Dagtyar and V.S.1Iiikh3Ierdtw* that plaotic defornationk speeds up diffusion propor-..

tionally to the rate of def -4 oa.

The chemical andl structuxu1 heterogen- JX
city of the solid solaftm isay con- -

siderably decrease the resiatmic to plas.

tic deformation* It is lcnowva,,tt the pro- #cc Om twm&

sence in initial state in the. structure
Fig.3*Change in time to destruction of

of chrmiickel austenitic steel (18 Cr- alloy with 16% Ci and 32% Ni (at variable con
tent of I*46 and V) depending upon the in-

8 NiO of ferrite reduces heat iesistance, create inwei-ht of electrolytically seperakec
de.-.osition. Thases of separation of 1%23 C

The use of such steel in the. rcle of heat and M.enZ~e. C, 700*, 12 k9/rX.
1-tirse to destruction; 2-weight ct deposi-
tion to dissolved metal.

F7.,4 ý,, 6217561+25



resistant is stipulated by technological requirements (weldab-lity). It was also

established that in steel with uniform basic structure (14 Cr-14 Ni) is possible the

appearance of a ferromne tic alpha-phase as result of concentrational chanfl5

duriag carbide formation. Zuch separation of alpha-phase has a negative effect

on the iag lasting and cyclic strength, as well¶41 as on the relcxation stability

(fig.4).
At other conditions being equal, with the increase in grain dimension in the

initial structure the lorg lasting heat resistance of the alloy at sufficiently high

temperatures and low stresses, increases. This is due to two causes.

1. Iypothesis about the plasticity diffusion icechanism, realizable through the
boundaries of grains, was confirmed by[5')and others. tfAlographica4etermined

was the fraction of deformation on account of the boundaries as compared with the

deformation along the grain during creep of ali inum 7• . At low temperatures (less

than 2000) deformation goes almost exclusively by the Lrain and the fraction of dis-

placement over the boundaries constitutes less than 10%. But when testing at above

2500 deformation over the boundaries constitutes more than 85% of total deformation.

Coasequently, it is only natural, that with the decrease in su-ry extension of the

bou:daries the possibility of growth of plastic deformation by the disilacement of

atoms in the boundary zone decreases.

2. If the initial structure consists of fine grain3, then at sufficiently high

temperatures the grains becomes strenghtened and creep is eased.

A :.mch higher heat resistance of large grain stee~l and alloys(j -Flilee-pcially

at high temperaures, was confirmed experimentally.

That is why only one example is giwenTV

- effect of grain dimension on the resis_ gjfo afvecmfe eo.ftidudr ....
Figt.;nnnge in reaxa=zion asvaoUty

tance to relaxation of carbon steel. (fig. of austenitic type 14 Cr-14 Ni steel (nag.
nitide of remamvt stress after 4000 bra

5), of testing at 650o) in relation to the

Not only the sumrary extent of bound- a;_ount of alpha phase. 1-amount of ferro-
maoe tic phase*

fKs, but also their nature and state have

F•"LT•T- 62- 1l75 6/1+2 6



an effect on the resistance to plaztic deformation in the process of testing and

on the service of the alloy at high tempereturesq It can be stated f63 that the lower

the disruptions in the correctness of intergrain lattice, the stronger are the inter-

atomic bonds of that lattice, the higher is the resistance of plastic deforLmtion

boundaries, heat resistance and especially the plasticity of the alloy. The develop-

ment of new methods of obtaining metals and alloys of special jurity by distilla-

tion, zonal smelting allows to investigate the effect of even small admixtures on

the state of &xain bouwdaries and on their resistar•e to plastic deformatione

The level of heat resistance applicable

4 for technolog can be attained in alloys with

heterogeneous structure. i~e.in the presence £

7 4 d0 0,40 1 the rtructure of reinforcing excessive phases.
I PaiNep JepNU

Fig..5.-"ffoc of Crain dimension on re- By the diffusion equation was calculated 121
manent stress after 3000 hrs of testing

for relaxation. l-Lrain dimension, that in the lattice of nonalloyed ferrite

at room temperature is perfected an insignificantly smell nXumber of jump overs of

carbon atoms (2 per sec). At 2000 it becomes noticeable (3xiO5 per see), at 400° -

considerable ( 3 x 108), and at 6000- mass scale ( 1 x 1010).

At room temperature the ferrite-perlite structure of the steel has practically

unlimited stability in times already at 4000 it may coagulate at noticeable rate

and consequently to use steel at above that temperature it is obligatory to alloy the

ferrite to slow daw carbon diffusion* For operation of the steel at 500-600@ it not

only requires complex alloyLg of the ferrite, but al 1 the creation of special car.

bides for sharp stabilization of the struc-ure. Finally, above 620-6,50 it is neces.

sary to change the type of alloy lattice, i~e. to change to austenitic steel.

Of decisive imrortance is also the chemical nature of the seperat ion phases,

determining the strenCth of binds of their crystalline lattice. For such phases there

are also boundary temperatures, the surmounting of which is required to assure high

heat resistance & change in chemical nature and type of crystalline lattice of

FTD-T.'..2-1756/./2 7



separation phases.

In materials, delgnated for operation at .50-5700 the basic reinforcing phase

appears to be alloytg cemtntite. Of second grade importance are special carbides

(VC and generally .eC). '-.en wcrking at above these temperatures iron-base carbides

do not assure high ht•t resi-tance of the steel. From 570 - 5800 ai;proximately to

700* the basic one a;;.0ars to be chromium carbide. In a relatively narrow temperature

zone from 580 to 600 - 610W the basic separation phase appears to be trigonal chro-

mium carbide "e .e, at 600-6500 - cubical I.e2 3 C6 carbide.

Above 700-750e carbide reinforcing phases become inferior to intermetallide

compounds, having dk'ferent relationships with the uother solid solution, uhich even

at this temperature ::ne onast be selectes, princi.pally different (of noniron base).

For exarnple, at 7:0-9000 in nickelchromiun base alloys the main reinforcing a-
gent appoars to be t' :i 3 (A1,Ti) type phase.

In t.ie mentioned temperature zones the cý.ange over from much lower tumperatures

to much higher ones rýiuires complicaton of phase separation composition. And so*

in the first zone at temperatures of less than 300-3500 the reinforcing phase can

be unalloyed cementite (cementite phase of variable composition may substantially

change the content of carbon, it has a broad zone of homogeneity). At much higher

tumperatures tht diff-.=ion mobility of iron ato-s 2nd carbon atoms becomes already

so much greater, that t 1) it considerubly accelerates the processes of carbide com-

gulation and transitize from plastic form to *point* form (gramnlar). and then also

to globular and 2) wi-. the increase in servuceability it causes dissociation of

the cementite with the formation of structurally free -raphite, ss result of which

there is a sharp drop in the heat resistance of the steel.

An increase in -iorking temperature to 400-•530 requires the introduction of Or

or 'o, w :hich not only are include in the solid solution,strengtnening it and raising

its ho-:t resictance , but are also, capable of replacing a part of the iron atoms in

the cementite,

FTD-TL-62-1756/i;2 8



They increase the strength of interatcuic boads and hamper diffusion procc:ses,

leading to accelerated coaulation of carbide, and 2ometimes even to decomposition

of some with the formation of structurally free carbide. Simultaneous introduction

of the above mentioned elements is imuch more effective, It is knwnfor example,

that the presence of one molybdenum in cementite of tubular steel type 15j14 is in

no position to prevent the appearance, at a tetperature of about 5000 at lasting heat-

ing, of structurally free carbide, which in particular led to serious emergency of

steam pipe line at the electric power station at Spring-Dale (USA),

The presence in steel of one molybdenum indicates that in the process of long

lasting service the molybdenum is displaced from the ferrite into carbides and the

heat resistance of the steel is reduced. It was established L1sj that after ex.joitation

for a period of 13-2_5 thousand hours at 5000 pipes made of steel 1514 from one fourth

to one half of the amount of molybdenum contained in the ferrite, has transformed

into separation phase. As result of this the heat resistance of the metal of such

pipes decrlses sharply (fig.6). Therefore a further increase in the working tempera.

ture requires an even greater complication of the cementite or carbide content on

account of introducing int-i it atoms of vanadium and other elements. At temperatures,

C1=0.to bcu....Y t zz atu!4 :Ur steel wizn voiux.etrically-centere.2 cubical lattice

are introduced already such amounts of above mentioned elements, that in addition to

the Me3 C phase ure also formed F.eC type carbides, necessary for ccm;licating the phase.

composition, inhibition of volumetric reactions between basic phases and for reten-

tion of alloyability of solid solution.

It was established, that for perlite class steel ( e.g.chrouium-Laolybdenum-vana-

dium, chromium-molybdenum )the formation of a ferrite-carbide mixture without preli-

minary .wrtensite conversion produces much higher heat resistance.

This is explained by the fact Ll4 that during point and granular structure of per-

lite, which may originate in steel as result of decomposition of Martensite, there

is a greater number of nidi of simultaneous origination and development of plastic

FTD-TT-62-1756/li2 9



deformation at lower resistance as coc.pured with the lamellar structure.

Highest heat resistance at 450 - 3,00 is possessed by perlite steel with carbide

fer-te mixture, formed after the aaneýling of products of bainite reaction[151. -frij

40 F5 I I'aN,

p•M 1 -1--

Fig.7.Relazation curves of 20 .7A
steel at 503,25 ,cg/in--. J,
1-normalization at 9200 + annealing 6500. a)
2 hours; 2-hardening 9200 + annealing -0
6500. 2 hours. t -

It was establishe,3 that Cr;.:oV-steel anneal • ! xi "a"

ed after normalization, possesses consider- /

ably greater heat resistance than the veri Fig.6.Curves "logarithm of time up to
destruction - logarithms of destructive

same steely annealed under analogous stress • of tubular steel 154.
a-in initial state (1500 hrs); b-after long

conditions after h-rdening L17 . This operation (25000 hrs). 1-time till destruc.
tion.

is evidentif only by comparing the stress

reduction curves in the process of relaxation of i...proved steel and of steely subJecke.

to normalization with annealing (fig.7). This is explained by a more favorable

distribution of alloying elements between the solid solution and carbide phase. In

chromemolybdenum steel 2cKI•J'A ofter normalization with annealing•l83 the suamary

weight of the deposition after electrolytic solution (5.55% of the weight of dissol'.Cd

metal) is greater, than after hardening with very same annealing (4,39%)- But

this takes place on account of the iron at a uniform content in the carbide phase

of Cr, lo. V (S' r- 0.7%).
L4 Cr Mo,V

In this way, the concentration of these elements in solid solution after normali-

zing with annealing is higher, than after improving, i.ee

(i:o * Cr + V solid solution
K, Fe

after normalizing Fe solid solutica

after improvinge

FTD-~-62_1756/l42 10



At moderate temperatures the advantages of lamellar and finely-lamellar form of

perlite are beyond any doubt. At boundary temperatures there can be instancesewhere

the initial advantage of lamellar structure becomes exhausted with the expiration

of time as result of higher rate of crushing the plates and coagulation*

In the case of 151 steel at 500° for a period of 15000 hrs at initial lamellar

structure the limit of long lasting strength dropped from 25 to 11 kg/mm2, and at

an initial granularity - fronz 15 to 13 kg/=m2 )131,

Just as for alloys, having polymorphous conversions, with a rise in temperature

it is necessary to caplicate not only the com•position of the mother solid solution,

but also the reinforcing phases of alloys, having no polymorphous conversions. At a working

temperature of up to 6000 the basic reinforcing hase in such steel may serve the

unalloyed cubical chromium carbide Cr 23 C6 . But a fuz'ther rise in temperature to 650°

and over requires additiomnl alloying with elements,increasing the bind forces not

only of the die, but also the carbide phaseS which transforms already into sulid so.

lution several metals on cuvical chromium carbide 1/e 23 C6-base. Complication of the

carbide phase conposition with molybdenum and tungsten raises its thermal stability

bnd promotes a general rise in the heat resistance of the alloy. This pertains also

to intermeiatiide phase. No doubt, that even a smail bolutivu or chrbtuew,-. woulyde.fn,

tungsten in the intermetallide phase of the Ni 3 Al type, it promotes a rise in

its thermal stability, since it hampers the occurrence of the diffusion processes,

leading to the formation and growth of formations, which is indicated by the analysis

with the aid of the fluctuations theory.

The origin3l structural state does in many respects promote the heat resistance

of alloys. But at long lasting operation of the metal at high temperatures of iipor-

tance is the stability of the structural state for a period of tens of thousands of

hours. Intensive occurrence of the physico-chemical processes (diffusion, interchanje),

leading to quantitative and qualitative changes in phases and coagulation of

FTD-•T-62-1756/,.i I I



crystallites of qeparation 1,hases, causes an acculeration in plastic deformation. For

exauple, in 12KHl2V41.7 steeL in the process of gain without stress at 6000 after

3000 hours in addition to Me 23C6 carbide there is also the iaves phase MA (MV) 2

which after 5000 hours of aging becomes predwinant9iq._

Long lastiag tests at 6003 of an alloy

containing 20Z Ni, 20% Coý30 is charac"-

terized by a discontinuity in 4lastic de-

formation growth curves in the process of ... ig.8.Ch~nge in plastic deformation in

relaxation (5000-6000 hrs), After which relation to the testLig time for relaxation
at 6600. 25 kg/mM2.

the rate of growth of planstic deformation at

further tests decreases (fig.8). An analogous discontinuation has been detectejon curitS

indicating changes in hardness, iLpact strength, manpetic perrmeability. A study

of the kinetics of chanee in rhase ccncposition nhoued, that after 5000 hrs the rate of

Me2 3 C6 carbide separation from solid solution is considerably lower (fig.9). This,

most likely explains the presence cf a discontinuity on thc property chrnge curves

of the allcy. At more intensive processes, leading to phase changes, the ,roperties

of tze alloy, and especially, its resistance to deformation change intensively. zfter

this, the pays-cnemoprocemses become more

sluggish, further intensifkiation in deformatio

and in the change of other properties is
zn nh h feIr s

slowed dovn sharply.

Fig.9.Change in sunmary co:ttent of al-
loying elemaents in carbide rhase of the Of Cr( ater iruportance for long working
alloy In the process of isothermal expol
sure at 660*0 heat reasistent alloys is the kinetics of

phase conversion processes and, especially, the kinetics of separation and regenera..

tion of excessive 1hases*

To slow down phase conversions it is important to reduce the rate of diffusion,

particularly in allcye, working under conditions of creep and relaxation* However

together with the outstanding role of the rate of diffusion processes, very important

FTD-TT-6.-l7.56/"2 12



in many instances even decisive, is the factor of probability of concentrational

fluctuations. The fluctuation theory explains the repeated inhibition of the phas4

separation process during the complication of the ccsposition of the alloy and in

crease in the differences between the composition of the separating and mother 1ha.'es

2123. For example, separation of chromium cementite instead of ordinary unalloyed one

reduces the number of carbide nuclei by 2 -4 mdgitudes (fig.lO, 1 and 2) and the trans-

ition into trigonal carbide reduces the number of nuclei by several magitudes

(fig.10,3).

Separation of metastable and intermediate phases (prticularly coherently bound

with mother solid solution) and their subsequent regeneration with the expiration of

time are also to a large extent predetermined by the probability of formation of

fluctuations of critical dimensions And so

for example *separation of cementite type 4

carbide in the role of intermediate phase o

is preceded by the separation of trigonal

carbide l-irgely because the probability of

formation of the first one is greater by O-- A"S

many magnitudes (see arrows in fig.lO).
Fig.lO.Comniring number and dimennions

Under definite conditions (fig.ll) of fluctuation nuclei of carbides of various
type in chrome steels

for the formation of new phase nuclei are 1-1.f (Fe C); 2- steel with 2% Cr. Nf (Fe,Cr) 3 C
in carbi e 15% Cr; 3- steel with 2% Cr, :.f

Liportant not only components,enriching (Cr.Fe) C 3 in carbide 40% Cr; 4- steel with
79 Cr, T (CrFe)7 C3 . a-number of fluettn-

the new phase (Ti in nickel alloys) but ations; b- dimension of section a of units,

also the components expelled from the volume of the nucleus (Cr).

An analysis made enabled to reveal a case, where during additional alloying of

the alloy the rate of separation of new phase is slowed down on account of reducing

the probability of necessary concentrational fluctuution by many magnitudes. And so

for 14 Cr - 14 No + W type steel tested within a period of 9000 hrs at 590@ it is

possible to prove the followings
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weight of carbide de.ositionformed by the method of anodic solution in % to

weight of dissolved metal... 1.3

Average diqmter cf carbide particles (by measuring under an

electrcaic nicrcsccpo) in cm... 1.10"5

number of ca~bides per 1 cm3 ... 3.1013

Overage rate of nucleaticn of :. 2 3 C6 cfirbides per sec... 1-106

ditto,cilcuLoted by fluctuation theory... 2.106

rate of groh of carbides in cs/3ec.&* 5.10-13

In this way, to f,rru each atoraic layer several hours of exposure are necessary.

In simple ca:boa steel the rate of perlite Cran growth is Greater by 109 times

than the rate of c-rowth of carbides in above mentioned alloyed steel.

Thu above stated sho'.s, that of much I

greater importance for heat resistant 0 •-fO 1•

long servive alloys is the structure and -Xo
-20

e,specially the kinetics of lasting changes z ! too ',o am
Shoimep toh •

in structural state.
Fig.llThe probability, number and dimrn-

sicns of fluctuation nuclei of alphal-phaae
in nLonic type alloy; 1-probability of
fluctuation; 2-dimension of section (runizn%*

UlJ ULU.Lbj 9 )iwa~e u. V ;lii 1c
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BEPARY.ENT OF D2EESE INr. Copies A.r "'IR CC>%:2ADS Er. Coples

AFSC
SC.FDD 1
ASTI A 25

SUSAF .:;B-L 5
T.DBDP 5

A:-CL!-.3D2 IA2EDC (AET) I
A.RL (,AaB) 1

OTHRl AGEN~CIES

CIA 1
T;SA 6
DIA 9
AID 2
OILS 2
AFO 2
PWS 1
INASA 1
Alm4 3
NAVY 3

NMFEC 1
RAND 1
!MCLI (Dr. Ltrera) 1

FTID-7T 62-1756/1+2 16


