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An Electron microecopeEStudy of %~y = Conversion in an
Tron-Nickel Alloy ;‘

v. A. Lobodyuk, L. G. Khandros, N, P. Fedas.
o ) . l
The questlon concerning the kinetics and the mechanism /113* :

of 4Qﬁx‘COHWﬂSionWin iron—nickel alloys has beén repeatedly
investigated and discuesed in the 1iterature [1nu] Recently
it has acquired considerabie significance due’ to the deyelop~

ment of new alleys on this base and the application of harden~
ing treatment by means: of direct and reverse Wfaﬂﬁ conyeyr-
- sion, ‘ ' i '
It 1s well known that in a broad interval of concentrat-
ions 2=¥ conversion in these alloys:is due to the marten-
_ site mechanism, , The formation of a contour on the polished
- surface of a sample containing an %phase after heating
above the temperature of the beginning of @-»y ~-conversion
is, evidence of this., Moreover, the contour 1s simllar to that
which appears during cooling as the result of Y»a converm
~sion [2]. The martensite character of the reverse conversion .
. 1s also confirmed by its distribution over a broad temperat-
ure interval, '

In addition,iit H%s been shown that along with the mar-
tensite mechanism of Q+w conversion, a certain part of the
v+~phase 1s converted'fnto the a—phase by the:diffusion mechan=-

~ ism. Thus in [5] it w%s established for a number of iron-nlck- K
el alloys, contalning from 9.5 to 18% Ni, that' a-¥ conver=
sien was accomplished ' by & quick acting martensite mechanism
' and then by a diffusion mechanism whose rate depends essen-
tially on the temperature and the composition. In the same
paper a simllar convension process 1s reported for an alloy

‘containing 30,9% Ni, |

,,,,, During conversion by the diffusion mechanism, diffusion
- ¥ Numbers in margins*indieate foreign pagination.
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of nickel from the &~phase into the!vmphase occurs with sub-
sequent fuslon of the, supersaturated\qnsolid solution Into )

~ two equilibrium o~ ané p=s0lid solutions (the first of which

is poor 1n nickel, an@ the second, rich). After cooling to
room temperature, the’'y~phase, which is rich in nickel, was

,converted into the 2~-phase in accordancerwilth the metastable

diagram in the corresponding temperature reglon. When heated
to 450°C the y~-phase Which precipitated out was so rich in

S nickel that it did not convert to the %- phase at room tempera- |

ture [5]. ; : C _ ..‘Q:t
| | /114
Using X~rays, we‘observed an tnerease in the amount of the“,

,ﬁﬂbhase during isothermal holding‘of'an alloy with 32% N1 in
~the 400-U425°C temperature range. The samples were cooled in
" advance in liquid nitngen. After heating briefly to 500°C no

traces of the agphase?lines could be detected on the X-rays. .

To detect small amounés of the a-phase which might still re~ .
main unconverted, the . electron microscope method of examining

thin films for breaks was employed. An iron-nickel alloy with

32% N1 concentration and initlal martensite conversion temp~ o
erature of -60°C was selected for the study. The conclusion

of the preverse conversion for thils alloy lies below 4s0°cC,

Samples 1n the form of 0. 5 mm thick sheets were quenched from

~ 1000°C and cooled to'-l96°C. ‘Then they were placed in an oven |

and kept . there until completely warmed up (4 min) at different
temperatures, After being subpected to heat treatment the
samples were thinned 40wn to 0.1 mm by a grinder and polisher.
Disks ofcdiameter 3'mm‘were cut out of these sheets by the

_electric spark method and then by electropolishing, thin foils

were obtained for scanping in the electron microscope UEMV—lOO,"

© On the electron diffraction patterns obtained from the
hardened samples only /ghosts of the face-centered cubic lat~
tices were observed, After cooling to ~196°C, martensite con-

1
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version occurs, whicﬁ was easily observed both on the X~-rays,

- as well as by means oﬂ the electron microscope. The a=-phase

~yield 1s nearly 80%. g
_ In samples heated to 500°C we ebserved mainly the struc-
~ ture of the y-phase which contains a large number of disloca-
‘tions. However, reglons with an .a@-phase structure were also
encountered comparatiVely often. Figure 1 contalns a photo-

micrograph of such a iegion (x46000). On the photograph broad.

twins in the wiphase (so-called'deformatIOnal'tWins) and dis-
locations are visible. In the upper right corner an electron

diffraction pattern is shown which was taken from this part
of the sample., All spots of the electron diffraction pattern
are contained in the hody—centered cubic lattice. Spots be=-
longing to the facencentered.lattice‘were not detected.

!

Using the'smngleﬁsurface method of analysis, we deter~

‘mined the plane and direction of twinning. It turned out that,ﬁ. i

deformatienal ﬁwinniné;occurs according to the system 025@
T, ‘

. Besides the deformational twins, we also observed thin
twins (the so~called conversien twins), traces of which are
on the electron diffraption patterns. In Fig. 2 (x57000) the

B structure of a portion' of a martensite crystal with thin twins

is{shown, and in the ubper left [?] corner is an electron

diffraction pattern ef this portion. In 1t only ghosts of the
~phase are observed, Besides the basic ghosts, the ghosts

of the twins and traces are ‘wisible. The traces are located

aleng 1n0ﬁ " 3d, perpendicular to the direction of the thin

twins. Stereographic analysis has shown that thin twinning

occurs due to the system (112l 111l .

Sometlmes a<dislo§ationa1 network was observed (Fig.
3, x40000) with two systems of almost parallel dislocations.
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In”the upper right‘corner is located a micro electfon diff- /117
raction pattern of this pertion. In 1t ghosts of the o~phase

are visible., One system of dislocations lies 1n @ln o),

and the other in (1), [“0‘ ' :

[y

e R
}f}- ,‘_.a}" wjﬂ‘) wo'\\“a&.‘, ] (“ .
Figure 5 "t" St Figure 6

After heating the alloy to 600°C the number and magnitude
of the portions with an anphase structure were substantially
reduced. However, we were able to obtain micro electron dif-
fraction patterns on Which only .ghosts belonging to the D-phase
were nevertheless visible.~ On Fig. il (x29000)fis a photomicro-
_graph .and the corresoponding micro diffraction pattern. On
the picture thin twins with high dislocation density are visi-
ple which haveé formed as the result of N--® ~ conversion. As
the temperature increases further, the number of portions with |
an n-phase structure decreases more and more; howeyer, at 700
and 800°C, along with y«phase spots on certain micro electron
diffraction patterns, ghosts are detected which belong to the
body-centered cublc lattice.

, On Figs. 5 and 6 :there are photomicrographs taken of
"samples after;heating%to 700 and 800°C, respectively.

Takihg into account the fact that after heating the alloyt
above 700°C we are unable to obtain electron photographs with
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ghosts which belong to the.d-phase only, we can hence con~ /118
clude that the awphasé reglons at these temperatures are small-
er than the dimensions of the portion from which the microdif-
fraction was taken (5f7 me).

The presence of - and Y-phase ghosts on the same electron
phptograph makes 1t possible to determine thelr mutual crystal-
1oéraphic orientation. In this case there are the following
orientational relations between the «*~ and Y- phases.

Homvn[noh,
{010}y 1 [110)g, -

§J[00uv“100uw

Figure 7.

However, in certain cagses 1t was observed ‘that the direc-
tions with low 1ndices were not parallel. Thus in Pig., 7 U001
makes an angle of T° with 1170}, . The reasons for this will
be stated below. ' ‘

The 1nterrelation§hip between the &= and ?(phase lattices
defined here is the typical mubual Bain's orientation [6]., This
orientation was observed in a Fe~30.2% Ni alloy under compres=—
sion along one of the cublc axes <100> The orientational
relation between the #' - and e phases which was established
‘differs from the familiar common orientation of these phases
during martensite conwversion [8]. v v
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Preservation of tﬁe'Qgphase portions up t@ temperatures
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significantly exceeding the temperature established previous=
ly for the conclusion of martensite cenversion! i1s in agreement
with the results of dilatometric and microstructural studies
in which it was shown that a certain part of the a-phase is
converted into the y~phase by the diffusion mechanism [5,9,10],
Three portions can be isolated on the temperature differential
curve, obtalned for slowly heated samples of a Fe-32,5% Ni
alley [9]. Two of them are related to absorption, and one in-
volves heat loss. The authors explain the course of the curve
’as follows. The: absorption found on the first: portion of the
curve (up to a temperature of approximately uuo°C) is connected

with the conversion oﬂ approximately 60% of the martensite into

‘austenite. Then the veverse conversion does not occur durlng
heating to a temperature of 475°C, 1In this temperature range
UMO - 475%) the authors assuyme that diffusion of iron and nickel
occurs across the interphase boundary between martensite and
austenite, Here the martensite sheet combines with the nbﬂwl,
the d¢-phase 1s stabilized, and no structural changes are ob-
served. Above U475°C (the third portion of the curve) a reverse
conversion begins agafn which has, however, the characteristic |
features of a diffusion conversion:

" 1) a surface ghost is not formed;
2) the conversion continyes for 30 hr at 500°C;
3) the structurehwhich appeared when the austenite reglons
were heated does not differ rfrom the structure of the portions
_ due to the diffusion growth mechanism,

On the dilatometric curves obtained for a Fen3U% Ni alloy
LlO] a gradual decrease in the length of the sample was observed

- /119

between 200 and 280°C, which is connected, the authors believe, T

with the controlled diffusion process, Above‘280°C the conver=
s8ion oceurs in accordance with the martensite mechanism.
| :
'~ In the alloy studmed by us, the baslc part of the d-phase
. : i : i
i



"1 converted into ‘the P-phase by the martensite mechanism, /119
However, the conclusion of the reverse martensite conversion
is in a temperature idterval where the mobility of the atoms

'becomes somewhat greader so that conversion can proceed by

the martensite mechanfsm. Subseqqent conversion takes place

. by the slow-acting diffusion mechanism. The time during

which the samples were kept in the oven 1n the: experiments

performed proved to be insufficlent for completing the a—y,
conversion by this mechanism even at 700 and 800°C tempera-

~ tures. Moreover, in connection with the nickel deficiency

the residues of the martensite phase are converted into the
austenite phase at higher temperatures.

The presence of two_reverse %2%  conversion mechaniSms
in 1ron-nicke1 alloys'is apparently the reason why the ghost ’

.’”_>for revenrse conversion does not always agree with the ghost

for a direct martensite conversion [9, 117].. This 1s probably

involved in the observation that the directions (1001, “and
[1iot, are sometimes not parallel (cf. Figure 7).
The posslible occurence of gy, conversion due to the

two mechanisms must bd taken into account when subjecting 1ron-
nickel ‘alloys to heat‘treatment The role of the diffusion
mechanism 1s strengthened when the nickel content in alloys

is lowered and the rate of heating is reduced. In this re-

| ~gard a substantial difference between the structure of the
internal and surface layers may arise during the hardening of
large test speé¢imens.
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