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Kinetic and Geometric Characteristics of lartensite Conversion
in an Iron=lNickel=Minganic Alloy

by

.ieY0,Blanter, EVeilovichkov

In a . previocusly published report[l] have been discussed the éauses.ex;:laining
why the rate of growth of Martensite crystals in iron alloys does not deperd upon
temperature, while the rate of germination in general case should be described hy
a curve with a maximum, However up until now no exporimesatal data have been ocbtained
regarding the temperature depcndence of the rate of germination during martensite
conversion in iron alloyse In report ‘_27 was proposed a method of calculating the
activation energy in case, if the volume of martensite crystals doos not depend
upon the degree of conversion, It was then shown, that the adopted mathematical equa-
tion of isothermal conversion dces not correspond with basic experimsntal dataP]
because in ratio to the develoment of martensite counversioa the dimensions of the
crystals decrease by many times %{T\.

e have investimated the influence of tempsrature and degree of conversion
on the rate of germination of centers and dimensions of martensite crystals in iron
alloys in conditions of pure isothermal conversiom, eli.inating the possibility for
the formation of athermal martensite, Cn the basis of the inwvastigated dcpendences
were determined the thermodynamic characteristics of the processs mapnitude of acti-
vation energy and function of forretion of martendite crystal nuclei, The obtained
data confirm the dislocating nature of martensite convarsion,

To detsermins the rate of germination of centers at any given cases of phase

conversions, first of all, it is necessary to calculate the rumber of particles,whi:h
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formed over the given area within a specific time period, and then establish the
rumber of particles, formed in a unit of volums per unit of time, 1,00 to change over
to the magnitude of the rate ¢’ germinatiou. The universal method is.connectel with
the necessity of clearly dividing the individual crystalline formations. For the case
of martensite eonversions in iron alloys this is possible in carvon containing alloys,
when all or a considerable number of mortensite is formed upon a change in temperature,
In the case of purely isothermal conversion calculstion of the number of crystals
in the pl.l.ane of the slide appesrs to be practically impossible in ccnnection with
the inaccurate seraration of formations, their fusion and imposition, In.fig.l is
shown a typical structure of isothermal martensite in an iron~nickelemanganese alloy,.
By studying the structure it becomes evident, that quantitatively it is possidble
to accurately determine the thickness a of martensite crystals, Furthermore,by the
mothod of casual secants in the volumeES#t is possible to determine the surface of
mertensite crystals in unit of vclume S mJ . It is also possible by the magnetcmetrie

method to determine the reletive volume V of the ferramagnetic cunmponent - martensite.

If the m=rtensite crystal has the form of a flat parallelepipedl with sides a,byb fo

a volums of 1 uma. then it can be expressed by the following ratioss
VA N .a- b m
M3

SEE_aN@ab 1), O,

where N = number of crystals,formed within the given time interval,

Having substituted the vclues b 4n equetion (2), we will obtain .

1 s.¢_2v 2 3
Ne—=—"FT="})" 3)
M Vv )

The thickness of martensite crystals is determined as a mean from 400 measurements

(61 amt. ()

2

1. It is possible to give any given form of the particle, e.geform of a lens, flat
cylinder etc, which principally does not change the method of investigating.

FTD=TTe6221760/142 2



According to[}] for a degree of reliability,equalling 0,7, at 4,00 intersections.
is muximum possible a relative error of deterrmination of a equalling about 5%.
The surface of martensite erystals S was dctermined for 400 infersections. i.ee
at the very same degree of reliability., The absolute error in determining tac volume

cf martensite phase was equal t0 1.2 = lol&%b?}o

°c
= 60 L}»—”/
The length of martensite crystals © is es- §Z —t- 1:.: I&?:E
' 0 P //‘ i:' - i
tablished by substituting the valuaes a,N, '% 7L e
-6 AU St
V or S in equation (1) or (2), ~ap | AL ‘ -
- 100 ,__dfll?'f 3 ._J.
Isothermal martensite conversion was ’Zﬁ J N
- N
M |
- 160 ks
investigated on an iron alloy with 23,02% a0 j
-z A
0 0
Ni and 3.35% ¥n, similar to alloys used by Boemr = him o

@qgkﬁ When quenching in the eir from 1200° Fipe2eliagraa of icoti..oal wartensite
¥ conversion in irom-niciui-uzungs.aic Stocle
the martonsite point lies at 10°, Subse- .

quent quenching in liquid nitrogon. leads to the formation of 727 murtensitc. To assure

purely isothermal convorsion in a wide range of temperatures the samples, soldered in

in quartz ampoules were cooled togother with the furnace fram 120C° to rcca temperas

ture within a period of 3 hrss As result of stabilizing the austenite thare was a

drop in temperature '/—~——_——__——~“_——~‘N~\

of conversion,followed by a reduction

in the degree of final conversion (approximately to 25% martensite),
Kinematic Characteristics of martensite Conversion
The diagram of isothermnl martensite conversion is shown in fig.2. The temperatﬁra
range of gctive process lies between = 50 and -155%°, In conformity with this the in
vastigation was‘coﬁducted at =55, =68, =94, ~114, =129 and =155%The results of de-

termining the value N for degrees of conversion 51C415,20 and 25% are given in tab-
le 1,

* The law formulated by the authors is walid for the given allgy,because only in this
alloy have the researchers succeeded in obtaining isothermal martensite conversions

in pure form, The obtained laws cannot be disseminated to other iron alloys,especially
to steel,in which an isothermal martensite conversion has not been practically obser
vai. (Editor's remark)e

FTD-TT-62-1760/1+2 3
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According to data,given in fig.2 and in table 1, were calculated the valmes of
martensite crystal germination rate,
Table 1, Effoct of iemperature and degree of coanversion on the nu.ber of

crystals in
1

1 me10”8 . mJ
Segree of convcrsion Tempe 'ature cf isothermal conversion W

in £

5 'o,(x7'0,1cs=o,o98'o.om:o.om:o,099

10 10,3020,328 0,270, 2890, 2800, 307

15 0,625,0,(83,0,667/0,647,0,574 0,607

20 1,170l.146]l.l77l,127l,054l,l19

25 : 1,980]2,086(2, 147,952 |.u9i z

The tempe:ature dependence of the zerumination rate at murtensite conwsrsions
coir.xcides qualitatively with analogous dep.ndences , investigated previously for
crystallization type processes (fig.3). The principally important thing here is the

depeadence n upon the de~ree of ccnversion in isothermzl cconditions (fig.g).

! " .
Loy g 2 o '\,'\9:‘1
00 —~— <« 000 ey
? I 5% ~t -2
N ! - 75% ¥ :
Re W0} ——f— 12,5 % —] VY ')%\
=3 17.5% i N\
ot hi
sé 3000 ?§ vy sy - -'".—\. \
vs \ $ N
) \ % .
§ zw 1 o0 — S5t
Y-8 \W, W .
L\ \! ~
o < X s B 0 ™
c \ \\\ ] Cmenens  npebpawemn :
< 9 W Jejn.u of coNvEAS o

0°

Fige3eTomperature depsndence of the rate FigeljeEffoct of the depgree of econveraion
of germination of m.rtensite crystals, on the rate of nucleation of m:rtemsite
crystals,

As is evident frum the figu-e,with the iacrease in the de-rce of martensits conver-
sicn at all temperatures the rate of nucleation decrcases éontinuously ang tends to

zero at a maximum degree of conversion of about 25%.

The piven value - ratio of rate of nucleation at given degree of comwersion at

FTD-TT=6221760/1+2 4



the inital momont ng for all isotherms in depondence upon the degree of conversion’

(ratio V to maximum Vg, at giver isotherm) leads to a perfectly satisfactory descrip-—

tion of data in fipgel of a singls curve (fig.5). This dependence is described by equa -

tions

The results of calculating by equation (5)

Lo
are indicatcd by dotted lime in fig.5.
'.6 e .
‘ ) - Ternepanipa comvelsion
Mo obtained temperature dependences of nmm‘m“woc__. TEempP. *C
: 06} -——-55 - - b ..}
the rate of nucle¢atin of mirtensite crys - -68
-9
tals (fige3) enabled to calcula‘e the ov i ’”7‘9 S
, “155
thermodynamic characteristics of this pro- iy - l
cess, For this was used oquation L v
v A, ¢ 02 o4 06 08 10 Vs
. - - (6) Cmeneny  npelpawenyn
n=K-e € . DEqREF of comeRRS/¢N

where U = activation energy; Aj-job of for

FigeSeLffect of the dogree of conversion
on the rate of nucleation of murtensite crys-
tailol,Conbined are joints nk for six con-

ming nucleus; K -~ IRNEAOIE.TIAL factor,
ths physical sonace of which for the i~

ven case will be shown bslow.During the veroion temperatures.dotteg line indicates
curve calculated by equation (5)
Tabls 24Therrodynanic Characteristics of the nucleation of crystals

during icotharmal mm:riensite conversjon

Deprea of con- e . Ay cal  at various temperatufes in °¢c and
version in % Ko PPRLLL N ceatm dorrees of conversion
Taxieen fram
—_ Lo i A..,_,;i“,_,,' Ty b ] ,,_;L’j___l_’ff______
2.5 l EERT M50 | 34656 | 3055 | 27185 | 2405
75 | 1.1 N80 | 3400 | 3080 | 2800 | 2420
12,5 ’ 1,0 4120 3440 3020 2170 2390
17,5 i ! 0,755 4120 | 3440 | 3030 | 2770 | 2390
25 | | 0,309 4000 | 3350 | 2040 | 2080 | 2320

FTD-TT= (2-1760/1+2
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A 3
celculation the index of the second ex;onent R% was substituted by the vz2lue 'l‘(M‘)z

a m_%r o To determine the value AT it is necessary to know the tex;erature T,
above which plecsiic deformation does not lead to mirtensite ccnversion, For the gi
ven alloy T, = 210°, |

The roesults c¢Z the salculation are given in table 2,

By examining the data in table 2 we find, that the activation ensrgy of the nucle-—
ation process cf —:rtensite crystals, does not depend upon temperature ncz upon the
degres of converesion and constitutes 911-967 cal/g.atm (each value I in :dle 2 was
calculated in acccrdance with 12 determinations at six conversion temperatures), The
job of Zorming tk:z nucleus decreases almost in half at a reduction in ccr.-:e.rsion tem -

peratures from 4570 - 4780 cel/g-atm at ~50° to 2320 - 2420 cal/g.atm at =155°, The

preexponential fzztor K docreases continuously from 1l.1le 109 (at an ave-zze degree of conm

version of 2¢53) ¢ 0,309 - 107 (at 22,5%)e At 25% nuclcar conversions have not beea
revealed,

The effect cf temperature and de;sres of ccanversicn on the vz2lues U,.'sj.K i5 shown

=

in figeb (for ccrs=tant de-rees of conversion) and fip,7 (for constant czrrersion temperatu-

re).

From squatica (£) and experimental data igﬂﬁtaglga} and fige? is eviiznt that in

z-am Je-am

5000 T
isothermal condiztions the rate of nucleatior gg ,"zi,'{_,,. "2s /
940 i £
n end ireex one.iial factor K are linsarly 900 W75 A28
4000 Ay x20"?
connected (becazse U and A5 are constant ,
- U K25% wrices
and consequently %he derivative e RT ":'r’,;"., 13
A L/ B —— LESnd
0 - r&" also ap;=3rs to be a constant val A K17 o o9
4 ra2s% | %8
ue) bt
b 2000 T
In this vay Fig.é.Efi‘ezgat ot temﬂ%rature o7 isothermal
martensite conversion on the magnitude of
= Ko (rlj activation energy I,job of nucl:=ation and
n K rreexoonential factor

Combining equa:ion (7) with equation (5),we obtain the following depexzience X upon

FTD=TT=6221760/1v2 é
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the degroe of convercicns : .

K,z--K,[l-—( v )’] ) ”

Substituting in equaticr (6) instead K ke wolue Ko from equation (8) we obtain:

the dependence of the ratc of nucleation of nurtensite cryctalsvupon tesiporature and;-

. Vv \3 T RE
derxree of conversion (i.eetime) n== K, [1 ""( )J e M x
+ max
)
R Xe 5T ©)
. In equation (€) the preduct e” RT .,
An aasg?
\ S I
e Rf‘ represents the probability of o lceR
10

nuzleation of newv phace cryatale, In thio

case the factor K characterizes the num

4
I\

ber of jarticles or volunen,perticipate- so00 —t
qc‘w v-nz-..._?-l.-.q:—'
2 N Iy et
ing In the convercions. And so acecriing ")M‘;—"—"-—»w

woo L LA s%) |

to v.:.muilo-.-[ﬂ K = 10%3- 1024 tcr the I TR I
Cotnemo  npebpowemem

begRE: of co~VEREION

i crystallizaticn of ine liquid gnd it cor )
TipeTe ffert ¢ the dopree & coaversion

resyends to Lle aumber of ators (iwleeulesprm activaticn erwerry I, job of nuclcation

| -nld jreryronent:ial facteor K

in preme-etom cr rup-mole, ie2e to Llhe rinber of oorticles,participatizy; in the coa-
w vercicn, JIn the piven ca:;.ve tiuc veluo K = 102 di“fers uy winy orders Srem the nurber
of aters in a crameate. Ov 1 w1 of austenite,

Leeerding tc[lc] he erdnr 109 enrrosponds to the nusber of disiceatieon japer-
faciicns in annecled state (1032107 cinl/en?) i.‘e.106-107 di.‘:l/m:z. ke cc the number
of dislocations in 1 rm3 equals (106-167)272 = 109-1010 2islemmd. A siziler coiscilen-
ce provas Girectly the heteropeneity of nucleaticn of tirtensite erystcls with pre-
ferential uve for same of dislocation imnerfections, |

Direct proof of the vulidity of this cocclusion was o teined by us 2s result
of the fcllowing ciperivent, After ultrahich frequency microplastic deformotion and

subsequernt coeling to roan temperatures the structurc of auctenite ves fixed. Epecial

2tching enabled to reveal the dislocation imperfectiona in the plahe of the slide

FUD-TT=(C=1760/1+2 7



(dark lines in figeS). Subsequert ithorough quenching led to rortensite conversiongwherehy
the accicular relief originated preferably in points of previously revealed impsrfec-
tions (see fige.B8).

Let us discuss the rossible causes for charge in K in dependence uzon the depreea

of conversion, .

As is shown in fig, 9 the rise in degreo of murtensite ccnversion leads to a
substantial rise in strecses of accgad order and julverizaticn of ccoherent diffusion
z0nes,

In this way,th: procecs of murtensite ccnversion is ccnnected with the contimae~
cus change 1in th: state of unccaverted austeuite[_lg EZJ. The given change in the
stete of austenite alike cold hardeaing in conncction with the effect of outer forces
can lead to blocking of dislocation imperfecticns . assuming thet the nunber of blocked

Viax
dislocations Ky is proporticnal to the degree of comversion (T V ) we will obtains

- vV \¢
Kq ——KO(V::) . (108)
Then wirh the increase in the desree of conversion the number of vilumes,capable
of martensite conversica Ky changes in the following marnex:

K‘=K.~K.=K°“K°("V_V‘Y=
~k[1-(3=)] oo

Viax

tioned, that equaticn (10) coincides with the empiriecsl equation

It shculd be men
0: 0% 29, 0's
o 6o
(8) at b= 3, 1 ) 4: e In this way,the re.uction 4n thc rate of
w
e Lo nucleution of murtencite crystala nq with
D .
'l qu “(Q_\j the increase in degree cf conversion can be
o foatf T coanected with the blocking of dislocation
1 a3+
pearen of e lo ’ imperfections,in connection with the change

CoNVEREINN 0 0w
Fig,9.Rise in stresses or secths mim¥eu- in the state of the unconverted austeni~
de %2 and pulverization of block structure

|
in austenite in the process of murtensite o que tc increase in degree of Ihaze cold 1
ccnversion (0.67% C3 4,27% M, 486 1), grae of 1 |

hardening,

FT0=-TT=62=1760/1+2 8



Toal blocking leads to cesation of ccnversion and {ts res+nration in a majority of
in.::tancos i3 ccnnected wi*h chonge in tempercture cr to the application of stre:sese
Ceometric Characteristics of lartensite Convecrcion
In conformity with above descrihcd method a direct experiment enabled to determine
the true thickness of martensite plates a, their surface S and volume V, Having calcu~—

1sted by these data I (equation (3)), it iz pocsidle by equetions (1) ana (2) to ce-

termine the extent of mirtensite plates b. ?é f)g :;';;
Results of investigating the values a,b 09 Nago
and man velure o.i" m:rtensite plates V in "3 4 wup
relation to the degree and ccnversion tem- TR 400
pe ‘ature are listed in tuble 3.The charac- h %0
1
teristics of martensite crystals (thick ? 5 320
ness a, extent b and voluwe V) within 1i- 12 L4 200

mits of experimental accuracy dc ao% de -

. Cmenend _ nprficquenin
Dlﬁ REE 06 erwaVERSION

pend upon temperatura et constang durroe

Fig.10e Effcct of dorrec of conversion on
of ccnversioneThese values are determi= the geonetric characterisiics of meriensite

crystals (rean values for temperatures of 1z0

red exclusively by the degres of cone thormal convercion)
version (£ig.10).

with en inercace in degreo of conversien the thicknecs, extent and volume of
nartonsite erystals decr-acse ~radvally, Up to the mocent of inhibiting the conversion
the value angan changes from 1,56 to 1,32 nicvons; b,y . = 1842 = 14,8 microns; V. ..
= 520 - 289 micronsj. Judging by the relatively smull change in these characteriutics
tc the moment of total cesation of the proceus, the determinant factor sppoars to be
the nueleation of martensite crystalg, the ratc of whieh tends toward zero, as 1is

shown in figel and 3.

A roduction in dimensions .of muricnsite crystals in ratio to the ¢evelopment

* of conversion, most likely, can be bound with the continuous change in the state of

austenite, In this connection a substantial influence ,e9p6cially on the development

FTDwTT=-6221760/1+2 : 9



of martensite plates in length, may be produced by the reduction in spaces for free

growth in cennection with the general increcage in volume of martensite phase,

Table 3¢Effect of Temperature and Decree of Conversion on the Ceometriec Char-

acteristics of Martensite

Flates (all data given in microms)

Martensite Geometre Teniperature of isothermal conversiom in degree
volume in % character, ‘ -5 l —ca i _ug | 14 l S199 ‘ ~ 158
e “;‘l A "' . - = b
1,59 11,499 1w | 1,53 ! 1,60 | 1,58
’ I B R
- - o ‘l' T i o ) ' T - R -
5 b 18,0176, 17,8 | 19,0 i 18,4 | 17,9
[ !
_ v ism L soz E so8 o851 5w | 505
. i i
a 1,50 ; 1,50 ; 1,59 1,49 1,59 | 1,5
— e e = - '_ _ =t T T T T T -
10 b 18,0 17,4 17,7 ’ 18.4 18,3 17,6
1 T
e —— ——— ( I - - “ = - -
v im 456 ] 197 504 532 ‘ 182
a 1,5 | 1,48 | 1,41 1,45 1,52 1,54
15 b 17,2 (16,9 17,0 17,0 18,3 l 18,0
v 061|421 | 407 ns ; 510 497
e 1.49911,49] 1,39 1,43 1,49 ' 1,48
2 b 157 /17,0 | 16,8 ! 17.1 ' 16,8 15,4
| |
———— V"_—!'—
v 367 !m w o l 418 350
] | [

I I T o ! Tty TTT T
Y L3 fna nm b 1,92
- SN S PR et

2% » ! 15,3 n,s' 13,9 | 17 ’ 154 i -
v | 300 | 265 l 258 l 303 513 ' —
{
10
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Conclusionss 1 A method was developed and the cffect of temperature and degree
of conversion on the rate of nucieotion and dimensions ¢f mertensite crystals was ine
vestigated,

2. It is s.own, that thn teLperature dependence of the rste of nucleation is
characterized by a curve with ma:imum, and the ebsolute value of the rate of nuclcation
n drops continuously and progressivel,  at a rise in the desree of conversion end beco-
mes equal to zero at the 1oment conversion ends, A similar' nature of change n is
connected,. apparently, wita the dislocation natura of m:rtensite conversion (chown
directly by value K = 109 and direct experiment on the formation of plate relief in
dislocations revealed by preliminary etching), Introduced were equations ,binding n
and K with the 4 - gree of conversion,

3. It is shown, that the activation energy of nucleation of martensite crystals
dces not depend upon temperature and d. gree of coanversion and equals about 940 cal/
geatm, The job of muclcation of martensite crystals A3 dces m-at depend upon the deg-
ree of ccnversion, but it decreases almost dcubly upon a drop in temperature of the iso-
therm fram 4670 (at - 50°) to 2360 cal/g-atm (at = 155°) .

Lj» The proposed dependence of the rate of nuvleation of martensite crystals upon

tenperature and degree (time) uf conversion

R -

L L o N R (19b)

Xe

51t is'shcmn. that thickness, extent and volume of murtensite crystals practically
do not depend upon temperature and are determined exclusively by the dcgree of con
version, Up to the moment of ending the conversion a reduction in thickness and ere
tent of martensite plutes reaches 15-18%, which is determined by the chax;ge in state

and by the reduction in vclumes of unconverted austenite,

FTD=TT=62-1760/1+2 11
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For consideration of readers

In No,1 of our journal for 1962 will be published reports on thermomechsnicat
treatment of metals including otructural cteel, heat resistant alloys, titanium

alloys, hirh speed and nickel stcel ete,
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