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Structursl State and Heat Rusistance cf Alloys
by

Dr. Tech. Sc.’ Prof. I, L, Mirkin and Cand, Tech, Sec. V.,
Z,. Tseytlin

Flastic deformation juring creepy, as well as destruction, appear to be pro-
cesses, developi.g graaluslly in the metal, The rate of these procasses depends upon the
temperature &ad applied stress and is determinel by the chemical nature (ccmposi-
tion) and siructure of the substance,

In raport]__f] have been established the eneral laws pgovaraing the processes

of cresp and dectruction and singular (in type) kinetiec equatlons have been derived
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where y= time grior to destruction of sample;-z-u = period of atam oscillations in the
iattice; Ty - energy of stum bouds iu ihe luilice {or zal of subliuwation};
&= stress in kdm?; T - 2bsolute temperature ; maxrA = csiress offectivsness factor,

In both equations, velid, however, only for comparatively greator rates of creep,
Uy and gamma appear to be the ccnstants 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 Uy is due to chemical nmature of the metal,
and gacma is closely connectsd with its structure,

SeNeZhurkov and T.P.Sanfircv showed, taat for aluminum at creep tests U, does
not depend upon the conditions of annealing, but gara does,

At temperatures, approaching the meltirg points, “hen diffusion processes are

rrevalent and a quasirtiscous flow of the matal takes pl.aco, nc loubt the decisive
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value for resistance %o deforuation and destruction is possesscd by the chemical nature of
the alloy and is signifiad by its strength of interatciic bonds of the
basie s0lid sclution,

‘lowever in a temperature 2Cney relatively sharply removed from the melting point
there are border line temperatures for given service conditions (‘Y'O').the Overcome-
ing of which requires a substantial change in chemical nature of the alloys or cone
version into another type of crystalline lattice,

ind so, in ironebase alioys with volume-centered lattice it is hardly possible

to cbtain e techrically veolusble long lasting ( 1-10 years) resistance to plastie
deformation at temperatures, exceeding 990°%K (or 630°C), even in ths case if the
solid solution Fey(C) will be highly alloyed by elementa, irproving the strength of
interatomic bords, The practice of obtaining alloys confirms this conclusion,

7o overcume this temperature boundary it is neccssary tc}hange from volume=

centered lattice ¢f a-iron to a more dense face-centersd lattice of germa-iron,
This is due first of all tc the fact that at equal auto=diffusion temperature in
a less densely packed Fe8 lattice the procece 1s aprroximetely twice more intensive
than in the Fegapm, lattice,

But above 1000 - 1050°K (or 750°C) the cnemical nature of irou=carbua alluys,
a;parently, cannot assure the necessary long lasting resistance to plastic deformetion ,
end that is why iron~base alloys at any given alloying are still inferior to nomiron
alloys on the basis of cobelt, nickel, chromium, molubdenum etce

At temperatures, removed from the melting point/ﬁgggs{ reaching ®"boundary® tano.
peratures the basic structural state of the alloy is of particular great importance,
For couponen%s of electric power installations, working for a long time at medium
temperatures (tens and hundreds of thousands of hours, 1.6, ycars and dscades),to=
gether with the initial structural state of greater impcrtance is the kinetic faotor
determining the ability of the alloy to vetain for a long time the initial structural

state, assuring high hcat resistance (®structural stability® of the alloy )e
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Alloys with sluggis: diffuzion rocesses, coagulation processes and vclumetrie
reactions between the phase components {which causes a small rate of
structural and phase convercions) reiain heat resictance for a rmeh longer period
of time, creep and relaxation take jlace at lower rate,

The initial structural state of the metal is determined by the comnposition and
state of mother (starting) s.lid solutinn ani separation phases and also by the
mutual disposition and interaction of these phases,

Hsat resistance of basic s.1id solution appsers to be a function of its chemical

composition, i.ee concentration of various alloying elements in it,

The elements, introduced into thc solid s-lution, affect it in various ways:
soma do not promote < rise in hert resistanca, and others even recugce same, For exanple,

introduction of 204 Fe dves not raise the heat resi:tance of solid nickel alloys,

Heat resistance of the solution can be increased 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 chear etc,
It was established, that of oany elements only tungsten slows down sharily auto-diffu.
sion of nickels

The rresence of several elexent:s (e.gelio, ¥y Cry Co and others) is more effect..

ive than the introduction of an equal in atcmic concentration smount of one element,
The diffusion mobility changes ncn~proportional to the soncentration, ani different
components give a nonuniform effect,

For example, it was established, that il nickelchrome alloys (with 15% Cr) are in-
troduced to 10Z Co, W, Mo and %o 2% Nb thc heat resistance of the alloys will increase.
The resistance to creep was increased and, which is of s3pecial imnortance, the
relaxation stability, It was confirmed, that cirulizneous introduction into the elloy

of s.veral alloying clements has exerted a more favorable effect on the heat rcosise

Ltunce, And so, during aclitional introduction of 27 Xb in ar alloy c¢containirg 5% of

FTD=TT=(2=1756/142 3



Mo and 5% of ¥, has considerably increased the long lasting strength and resiastance
{0 relaxation at 700°,

Mt sclid solutions, eveu pcly-component ones, alloycd with the mentioned elements

in amounts, closs to the limit of thoir soludility, ;cssess relatively low heat ra-

i

The presence cf sxcescive fhaces in the akeletal or finely Jdispersel fcrm or
soparation cf these phases during ecrly stages of acing (ofter technologicul annealing)
appcars to be. an ordinary condition for the creation cof high resistance to creep
and relaxationg

le 5lloying of nickelchrare clloys with nolyblenum, tungsten and niobium in
amounts far fron the 1lirdt of scludbility, doern not give u technigally sultcble heat
recistunce, An increase in the rniobiun contcnt to the mount,cxceeding its colubility
1imdt in cuch allcoys (4% '), le? to the formatisa of nlobiumecontaining execss phases

ani sharply raiced ths hect resistance (figel). At equal conditions the remainiaz
stress(® ) after relaxaticn testing in a heterogenoous clloy wus by 100%Z higher, than

in 3ingle rhase,

Ze ilckelchroce allc:,'s, in vhich Al

cczaratica pheses, The oversalurated solid

o 2 L NOY
scluticn (after hardening) in the proe .

cess of testing to the begirning of ceoiav, Figelelhange in vulue of remaining stress
after 1,00 hrs of testing for relaxaticn
ation of reinforcirng phases [ossesses at 700° Juring au increasz in niobiunm con-
tent, 15 ko/m2, 5% lo =nd W, 23 Fe,
coneiderably lower heut resistance than
ufter their scrperation, At the beginning th: »:te of deformaticn of the hardened ale
Loy is a-proniaately 3 tines greater than of the annealed oney Put, later on, in *
ritio to the separstion of reinforeiip rhases, the rccistance of the herdened alley
vise sharply (fige2) and tha rates cof deforsiiicn becom: eal within a period of
10000 hrse
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Ioveotigations, rade in our labs with a

larger group of nickelchrame alleys anl ause
tenitic steel, ccntaining 8-40% 14 vith

various gddi<icnal :lloying, confirmed,

that tke exam;les civen are valid and that
* - raxirum hezt resisisnce cun be ctiained only

FigeZeitolexation curves (m) =ud change
in plassic defcr.aticn (b) ef Ji-Cr 31lcy in hetercgeneous allays and steel or in

with 22 Al and 2% Ti ot (£0%25 kg/nuf

l-herdeaing; 2-kardening and admealing, :cupsrscturated s£clid scluticns, frus which
at bigh terperatures are separ.oted excessive .pha.'ses. Iax f4re3 is chown e rise in tine
to the point of dactructiom duwing chahre over from sclid = luticn Fo(l4,Cr) tu e
het=rogencous alley folloved T a rise in the acournt ol c..cessive phase,

For heterogencous allogs { or for the heterogenccus ctate of tupercaturated 1le
lcys) of c~reat impertence is ak=o the siructur:l state of the moiher sclid s:lution,
Eroluced by therual “rentrment uxf pl=stic deformartion,

To slow douwn phase cconsex=ions it is important to reluce the rate of diffusion
in the alloy, This is particnlssrly i:;ortent for alloys,working under condition+t

creep and relaxation, tecause It was experimentally shown by l.Koen as well as by

I Ya,Degtyar and V.S.lidkhaleniw, that plactic deformation speeds up diffusion propor-

tionally to the rate of defczzmition, Sm"; ;
The chemical and structummd heterogen- g //
eity of the solid solusfem may con- ‘g o0 J
=
siderably decrease the resistamce to plas. g ,
tic deformation, It is Xnowny,that the pre. avu n'll:a « ,:m,,f:.:
nemeany

sence in initlal state in tke structure
Fige3eChange in time to destruection of
of chrumickel austenitic steel (18 Cre alloy with 16Z Cr and 32% K1 (et variable con
tent of lo and W) depending upon the in.
8 Ni) of ferrite reduces heat Tesistance. crease in wei-ht of electrolytically ceperatec
de osition. Fhases of separztion of Mep4C
The use of such steel in the rele of heat gpg Veglien C, 700°, 12 wﬂﬁf
l=tice to destruction; 2-weight of deposi.
tion to di=solved metal,
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resistant is stipulated by technological requirements (weldability), It was also

established that in steel with uniform basic structure (14 Cr-lj !!i) is ;ossible the

appearance of a ferromagnetic alpha=phace [2]-[&] as result of concentrational changes
during carbide formation, Such separation of ulpheerhase has a negative effect

on the lcng lasting and cyclic strength, as.vellﬂq as on the rel:xation stability

(figoll)o
at other condjtions being equal, with the increase in grain dimension in the

initial structure the long lasting heat resictance of the alloy at sufficiently high
temperatures and low strecses, increases, This iz due to two causes,

1, Hypothesis about tie plasticity diffusion jcechanism, realizable through the
boundaries of grains, was confirmed byLsg)%]and others, Iht'_-llogruphicaly})etermined
vas the fraction of deformation on account cf the boundaries as compared with the
deformation along the ¢rain during creep of alu.inum{?j e At low temperatures (less
than 200°) deformation goes almost exclusively by the grain end the fraction of dis-
rlacement over the boundaries constitutes less than 10Z, But when testing at above
250° deformation over the boundaries coastitutes more than 858 of total deformation,

Consequently, it is only natural, that with the decrease in su-mary extensiom of the
boundaries the rossibility of growth of plastic deformation by the dis; lacement of
atoms in the boundary zone decreases,

2. If the initial structure corcists of fine grains, then at sufficiently high
teriperatures the (rains becomes strenghtened and creep is eased,

A :mch higher heat resistance of large grain ‘sz.;"e”e’l and alloy{S] -rlﬂespec:lally
[

at high temperatpres. was confirmed experimentally, -

2
That is why only one example is given@] ¥
< o
- effect of in dimension on the resia. Konuvecmlo Qeppomaznumwed @e.
eifcet of gra . Fig.i.unange an rem':'canon sga'giuty

of austenitic type 14 Cr-ll Ni steel (mag.
nitide c¢f remanem$ stress after 4000 hrs
5). of testing at 650%) in relation to the
Not only the suzary extent of bound— 2-OuBt of alpha phase, l~anount of ferro -
magre tic phase,

!ries. but also their nature and state have

tance to relaxation of carbon steel, (fige

FTD-TT-62-1756/1+2 6



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

on the service of the alloy at bigh temperetures, It can be stated [6J that the lower
the disruptions in the correctness of intergrain lattice, the stronger are the inler-
utoinfe bonds of that lattice, the higher is the resistance of ?lastic deforzation
boundaries, heat resistance and especially the nlasticity of the alloy. The develop-
ment of new methods of obtaining metals and alloys of special furity by distilla-
tion, zcnal smelting allows to investigate the effect of even small admixtures on

[ ]
the sta}:e of ¢rain boundaries and on their resistance to plastic deformation,
xe HH' A

" +=—4— T ) The level of heat resistance applicable
J0° | «00°
Y / for technology can be attained in alloys with
g heterogencous structure, 1.00in the presence i
4 804 408 qnr the structure of reinforcing excessive phases,

Pasnep sepne
Fig,He.iffoct of grain dimension on re- By the diffusion equation was calculated[le

manent stress after 3000 hrs of testing

for relaxation, l=-¢rain dimension, that in the lattice of nonalloyed ferrite
at room tengerature is perfected an insignificantly small number of jump overs of
carbon atoms (2 per sec), At 200° it becomes noticeable (31105 per sec), at 400° =
considerable ( 3 x 108), and at 600°- mass scale ( 1 x 1010y,

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

unlimited stability in times: already at 400° it may coagulate at noticeable rate
and consequently to use steel at above that temperature it is obligatory to alloy the
ferrite to slow dow carbon difﬁwion. For operation of the steel at 500-600" it not
only requires complex alloyi..g of the ferrite, but al 1 the creation of special car.
bides for sharp stabilization of the struc.ure, Finally, above 620=650° it is neces.
sary to change the type of alloy laitice, 1,64 to change to austenitic steel.

Of decisive imrortance is also the chemical nature of ti:e separat ion phases, .
determining the strength 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 a change in cherical nature and type of crystallins lattico' of

FTD-TTw62=1756/1+2 7



separation phases,

In materials, designated for operation at 550-570°, the basic reinforcing phase
appears to be alloyi-g cementite, Of sccond grade importance are special carbides
(VC and generally leC), wWhen wcrking at above these temperatures iron~base carbides
do not assure high h::t resi.tance of the steel, Fram 570 = 580° approximately to
700° the basic one a;z:ars to be chramium carbide, In a relatively narrow tenperature
zona from 580 to 600 - 610° the basic separation phase appears to be trigonal chro -
miuwm carbide MepCq, ==d at 600-650° - cubical I-'e23C6 carbide,

Above 700=750° zarbide reinforcing phases become inferior to intermetallide
compounds, heving diZerent relationships with the nother soclid solution, vhich even
at this temperature z:ne mst be selectec principally different (of noniron base),

For example, at 73=900° in nickel chromiun base alloys tihe main reinforcing ae-
gent appears to be %=z ::13(A1.'I‘i) type phase,

In the mentionel temperature zones the ciange over from much lower tunmperatures

to rmuch higher ones r:juires complicat.on of phase separation composition. And so,
in the first zone at% “emperatures of less than 300=350° the reinforcing phase can
be unalloyed cementits (cementite phase of variable composition may substantially
change the content of carbon, it has a broad zome of homogeneity). At mich higher
temperatures the diffz=ion mobility of iron atcms 2nd carbon atoms becomes already
so much greater, that s 1) it considerubly accelerates the processes of carbide coa-
gulation and transitiza from plastic form to *point® form (gramlar), and then also
to globular and 2) wi:i: the increase in servuceability it causes dissociation of

the cementite with t:2 formation of structurally free /raphite, as result of which
there is & sharp drop in the heat resistance of the steel,

An increase in working tenmperature to J0-450° requires the introduction of &'
or lio, vhich not only are include in the solid solution,strergtnening it znd raising
its he.t resi:ztanes , but are alsc capable of replacing a part of the iron atoms in
the cementite,

FTD=TT=62-1756/1+2 8



They incrcase the sirength of interatonic boads 2nd hawper diffusion procc.ses,
leading to 2ccelerated coagulation of carbide, and cometimes even to decomjosition

of same with the formation of structurally free carbide, Simultansous introduction

of the above mentioned elements is much more effective, It is known,for example,

that the presence of one molybdemum in cementite of tubular steel type 15M is in

no position to prevent the appearance, at a teuperature of about 500° at lasting heat.
ing, of structurally frce carbide, which in particular led to serious emerpency 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
lastine service the molybdenum is displaced from the ferrite into curbides and the
h=at resistance of the steel is reduced, It was establishedi}j} that after ex.loitation
for a period of 13«25 thous:nd hours at 500° pipes made of steel 15M from one fourth
to one half of the amount of molybdenum contained in the ferrite, has trunsformed
into separation phase, As result of this the heat resistance of the metal of such
pipes decrdses 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 introcduciog intd it atans of vanadium and other elements, At temperatures,
clcosg to boundary tempsTatures fur steel witn volutetrically=centere: cubical lattice
are introduced already such amounts of above mentioned elements, that in addition to
the MaBC phase ure also formed lieC type carbides, necessary for ccm;licating the phase

composition, inhibition of volgmetric reactions between‘basic phases and for reten-
tion of alloyability of solid sglution.

It was established, that fér perlite class steel ( e.gechromium-umolybdenum-vana-
dium, chromium-rolybdenum )the formation of a ferrite-carbide mixture without preli.
minary martensite conversion produces much higher heat resistance,

This is explained by the fact EAE 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 plastie

FTD=-TT-62-1756/1+2 9



deformation at lower resistance as coo.pired with the lamellar structure.
ilighest heat resistance at 450 = ,70"’ is possessed by perlite steel with caroide

fer‘itslmixture. formed after the anne:ling of products of bainite reaction[lﬂ. -[17]
Prid A _

0
4 “t/ym?
i T
20 I 1 7y
> = N ) e 2 R
’: Z B e il 20
o 2000 4000 . &00 va,
FigeT.Relaxation curves of A s
steel at 502,25 kg/mmf. 0
lenormalization at 920° + annealing 650°, @
2 hours; 2-hardening 920° + annealing )
650°, 2 hours, »
5
It was establishe? that CrioV-steel,anneal 0] 1
0 100 1000 10000  vaa
ed after normalization, possesses consider. / boena ”;)’”"V“”""

ably greater heat resistance than the very Fig.6.Curves "logarithm of time up to
destruction « logarithms of destructive
same steel, annealed under analogous stress ®* of tubular steel 15M,
o a=in initial state (1500 hrs); beafter long
conditions after h:rdening L]_.'ZJ'. This operation (25000 hrs), letime till destruc-
tion,

is evident if only by comparing the stress
reduction curves in the process of relaxation of i.proved steel and of steel) subjec&eJ-

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 25KHWFA «fter normalization with annealingﬁ.ﬁ] the suurary
weight of the deposition after electrolytic solution {555% of the weight of dissolved

metal) is greater, than after hardening with very same annealing (u.39%). But
tnis takes place on account of the irom at & uniform content in the carbide phase
of Cr, Mo, V (¥ 27 0.7%)e

» * L-Acr.x.jo.v
In this way, the concentration of these elements in solid solution after normali- .
zing with annealing is higher, than after inproving, i.e.
(o + Cr + v> solid solution
!\ Fo
( sio*Cee¥ \

after normalizing > Fo s0lid solutica

after improving,
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At moderate temperatures the advantages of lamellar and finely-lsmcllar form of
perlite are beyond uny dcubt, At boundary temperastures there can be instances,where
the initial advantage of lamellar structure becoues exhausted with the ex;iration
of time as result of higher rate of crushing the plates and coagulation, ’
In the case of 15M steel at 500° for a period of lSOPO hrs at initial lumellar
structure the limit of long lasting strength dropped from 25 to 1l kg/hn?. and at
an initial granularity - frow 15 to 13 kg/hm?[ij}.
Just as for alloys, having polymorphous conversions, with a rise in temperatuve
it is necessary to ccuplicate not only the composition of the mother solid solution,
but also the reinforcing phases of alloys, having no polymorphous conversions., At a working
temperature of up to 600° the basic reinforcing ;hase 4n such steel may serve the
unalloyed cubical chromium carbide Crz3Cge But a fusther rise in temperature to 650°
and over requires additional alloying with elements,increasing the bind forces not
only of the die, but also the carbide phase, which transforms already into solid so.
lution several metals on cuviecal chromium carbide L%2366-base. Couplication of the
carbide phase composition with molybdenun and tungsten raises its thermal stability
and promotes a general rise in the heat resistance of the aulloye This pertuins also
to intermetailide pnase, io doudt, that even a smail solution of chrowiwn, wulybdefiwi,
tungsten in the intermetallide phase of the N13A1 type, it prowmotes a rise in
its thermal stability, since it hampers the occurrence of the di ffusion processes,
leading to the formation and growth of formations, which is indicated by the analysis
with the aid of the fluctuations theory,
The original structural state does in many respects promote the heat resistance
of Alloys. But at long lasting operation of the metal at high temperatures of iwpor-
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, 1nterchan3e),

leading to quantitative and qualitative changes in phases and coagulation of

FTD-TT=62-1756/1+ ]



crystallites of separation ;hases, cuuses an aceculeration in plastic deformation, For
example, in 1ZKHI2VIMF steel in the process of zain without stress at 600° after
3000 hours in addition to bb2306 carbide there is also the laves phase M, (Mv)2

which after 5000 hours of aging becomes preduwainant @.\91. .

Long lasting tests at 630° of an alloy % [
. aos
containing 20% N4, 20% Co[zot. is charac- //
- [
terized by a discontinuity in plastic de-
4 «0a 000 wie.

formation growth curves in the process of
" Fig.8e4Chunge in plastic deformation in

relation to the testiug time for relaxation
at 660°, 25 kg/mP.
the rate of growth of plastic deformation at

relaxation (5000=~6000 krs), ufter which

further tests decreases (fige8)s An @nalogous discontiruation hes been detectecion cuxrves
indicating changec in hardness, iwpact strength, magnetic perrmeability., A study
of the kinetics of change in rhase ccmpositicn chowed, that after 5000 hrs the rate of
“°23°6 carbide separation fram colid solution is conciderably lower (fig.9). This,
most likely explains the presence cf a discontinuity on the preperty change curves
of the allcy. At more intensive procecses, leading to phase chznges, the_‘roperties

of tne alloy, and especlally, its resistance to deformation change intensively, after

this, the LhysS=chem,proce:8es8 rCecode MOre

S Y
S,
3 | slugpish, further intensiffcation in deformatic
g —
o — .
w and in the change cf other properties is
2000 5000 -~ vac.

slowed dovn sharply.

FigeGeChange in suzmary coatent of ale-
loying elements in carbide phase of the
alloy in the proce=zs of 1sothermal expo*

sure at 660°,

rbase conversion processes and, especlally, the kinetics of separation and regeneraw

Of ¢reater importance for long working

heat reasistent alloys is the kinetics of

tion of excessive ;hases,

To slow down phase ccnversions it is important to reduce the rate of diffusion,
particularly in alloys, working under conditions of creep and relaxation, lcwever

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

FTD~TT=62-1756/1+2 12



in many instances even decisive, i3 the factor of probebility of concentrational
fluctuations., The fluctuation theory explains the repcated inhibition of the phase
separation process during the complication of the carposition of the slloy and im
crease in the differences between the ccmposition of the separating und nother (haces
Tgl}. For example, separeticn of chromiua cementite instead of ordinary unslloyed cne
reduces the number of carbide nuclei bty 2=} mag:.itudes (figel0, 1 and 2) and the trans-
ition into trigonal carbide reduces the number of nuclei by several magritudes
(fige10,3)s
Separation of metastable snd intermediate phases (particularly coherently bound

with mother sclid solution) and their subsequent regeneration with the expiration of
time are also to a large extent predetercined by the probability of formationm of

fluctuations of critical dimension, And so

for example ,separation of cementite type ",,;"
L4
carbide in the role of intermediate phase 0 \5 _!1’_ L]
\l”-"l\\

a

Yucre @rysmyeyvy

is preceded by the separation of trigonal

\
carbide largely because the probability of \
A

w0
vy ¥ »
formation of the first one is greater by 2§ Primes yeacmas n ysod

¥

meny magnitudes (see arrows in fig.l0).
Fige.10,Comparing number and dimensions
Under definite conditions (fig.1l1) of fluctuation nuclei of carbides of wvariocus
type in chroame steels
for the formation of new prhase nuclei are 1-Nf (Fe,C); 2- steel with 2% Cr, it (Fe.&')
in carbiae 15% Cr; 3= steel with 2% Cr, .t
inportant not only components,enriching (Cr,Fe) Cq in carbide 40X Cr; 4~ steel with
7% Cr, ’{It' (Cr,Fe),C.. a-number of fluctu-
the new phase (Ti in nickel alloys) but ations; b Jimension”of Section n of unitse

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

An analysis made ensbled to reveal a case, vwhere during additional alloying of
the alloy the rate of separation of new phase is slowed down on acccunt of reducing
the probability of necessary concentrational fluctustion by meny magnitudes, And so
for 14 Cr = 1 No + W ty.e steel tested within a period of 9000 hrs at 590° it is

possible to prove the followings
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than the rate of srowth of carbides in above mntioge,d”ulloyed steel, i
The above stated shows, tkat of much % :é
greater importance for heut resistent *;E-!o '§ ¢
- long servive alloys is the structure and o %-20 ;
especially the kinetics of lasting changes § = P R =

in structural state,

1,
24
3e
4.
Se
[
7
8
9
10,
11.
1z,
13.

14.
15.

weight of carbide de;osition,forued by the method of anodic solution in £ to

weight of dissolved metal.., 1.3

Average diamcter cf carbide particles (by measuring under an

electrcaic nicrcscepa) in CMeee 1.10'5

number of ca.bides per 1 cm3... 3.].0]‘3

average rats of nucleaticn of :"82306 carbides per secCess 1-].06

ditto,culculated by fluctuaticn thecryeee 20106 -
rate of growth of carbides in cm/secees 5010'13

In this way, to f.rm each atomiec layer several hours of exposure are necessarye

In simple carbon steel the rate of perlite crain growth is greater by 107 times

9), Paimep yvacmea (vucao ynol)

FigellThe probability, number and dimen -
sicns of fluctuation nuclei of alpha'«phase
in nisonic type alloy; le-probability of
fluctuation; 2-dimensicn of section (number
' Of uniis); Senuwbe. of nuclel in 1 ¢
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