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EFFECT OF THERMOCYCLING ON THE STRUCTURE OF MARTENSITE

AND KINETICS OF MARTENSITIC TRANSFORMATION

IN ALLOY Fe – 30% Ni – 3% Pd
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The methods of scanning electron microscopy, differential scanning calorimetry and x-ray diffraction are used

to study the morphological and thermal characteristics of cooling-induced martensite in alloy Fe – 30% Ni –

3% Pd. It is shown that the kinetics of the martensitic transformation is athermal and the morphology is

lamellar. The mean values of the parameters of the austenite and martensite lattices are 0.35704 and

0.28614 nm respectively. The thermocycling leaves the points A
s

and A
f
invariable.

Key words: martensitic transformations, athermal kinetics, electron microscopy, x-ray diffraction,

alloys of the Fe – Ni – Pd system.

INTRODUCTION

Martensitic transformation is a typical phase transforma-

tion of the first kind, which develops in the absence of diffu-

sion of atoms and has been studied in detail from the stand-

points of physics, metallography and crystallography [1].

The effects of the temperature, hydrostatic pressure and uni-

axial stresses are investigated for determining the special

features of martensitic transformation from the standpoints

of thermodynamics, kinetics and conditions of appearance of

the transformation as such [2 – 5].

The morphology of martensite in alloys of the Fe – Ni

system depends on the nickel content [4]. Introduction of a

third component like Mn, Co, or C into binary Fe – Ni alloys

changes the kinetics of the transformation and the morpho-

logy of the martensite [5 – 8], which may be lath, butterfly,

lenticular, plate, or thin-plate in different iron-base alloys

[9 – 12].

The kinetics of the transformation may be athermal

(when the fraction of the transformed volume depends only

on the temperature) or isothermal (when the fraction of the

transformed volume depends both on the temperature and on

the time of the transformation) [13]. The athermal kinetics

corresponds to a well manifested point of the start of the

transformation M
s
. The time of formation of an individual

martensite plate in Fe – Ni alloys is 1 � 10 – 7 sec [14].

Though the martensitic transformation in ternary

Fe – Ni – X alloys has been studied well enough, the special

features of the transformation in the Fe – Ni – Pd system re-

main little investigated. The aim of the present work was to

study the morphology, the kinetics, the structure, and the

temperature of cooling-induced martensitic transformation in

a Fe – 30% Ni – 3% Pd alloy.

METHODS OF STUDY

We fabricated cylindrical bars with diameter 1 cm and

length 10 cm from alloy Fe – 30% Ni – 3% Pd by fusing pure

(99.9%) elements in a vacuum induction furnace in an argon

atmosphere. The bars were placed into a quartz ampule, ho-

mogenized for 6 h at 1200°C, and quenched in water at room

temperature. Then they were thinned mechanically to obtain

specimens for scanning electron microscopy. The surface of

the specimens was polished mechanically and cleaned in a

solution containing 90 ml H
2
O

2
, 15 ml H

2
O and 5 ml HF.

The microstructure was investigated under a JEOL JSM

5600 scanning electron microscope (SEM) at an accelerating

voltage of 20 kV. To determine the points M
s
, A

s
and A

f
of

the transformation we cut discs with diameter 1 mm from the

homogenized specimens and placed them into aluminum

containers. The differential scanning calorimetry (DSC)

curves were plotted using a Perkin-Elmer Sapphire thermal

analyzer at a cooling rate of 5 K�min in the range from +20

to –150°C and a heating rate of 5 K�min in the range of
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20 – 500°C. The x-ray diffraction patterns in the angle rage

2� = 30 – 100° were obtained at room temperature using a

Bruker D8 Advance diffractometer in filtered copper K
�

ra-

diation.

RESULTS AND DISCUSSION

Figure 1a presents the microstructure (SEM) of alloy

Fe – 30% Ni – 3% Pd in secondary electrons. The size of the

austenite grains is about 250 �m. After immersion of this

specimen into liquid nitrogen for 5 sec we can observe for-

mation of martensite plates (Fig. 1b ).

In accordance with the data of [15, 16], martensitic trans-

formation is determined by its kinetics and crystallography.

It is impossible to distinguish the formation of martensite un-

der thermal and athermal kinetics on the basis of pure theory

[17].

According to the results of the differential scanning calo-

rimetry, the temperatures of the start (A
s
) and finish (A

f
) of

the reverse transformation are 380 and 450°C, respectively

(Fig. 2a), and the temperature of the start of the martensitic

transformation (M
s
) is –23°C (Fig. 2b ).

The isothermal transformation yielding new nuclei or

stimulating growth of the available martensite crystals is de-

scribed in detail in [13]. In our case, the specimens of alloy

Fe – 30% Ni – 3% Pd were held in liquid nitrogen for

10 min, 10 h and 10 days, but new martensite crystals did not

form during these holds, i.e., the kinetics of the transforma-

tion in the alloy was athermal. In [18], the points M
s

and A
s

were determined for alloys of the Fe – Ni system containing

from 9.5 to 33.2 at.% Ni. By the data of this work, the � � ��

transformation in the alloys with over 28.0 at. % Ni devel-

oped in a bust manner (burst kinetics). The point M
s

in the al-

loy with 30.43 at. % Ni was –30°C. The temperatures of the

start of martensitic transformation in the alloys containing

about 30% Ni are presented in Table 1 in accordance with the

data of different studies and of our work.

The point M
s

determined in the present work was rela-

tively insensitive to the rates of heating and cooling and to

the heat treatments. Introduction of 3% Pd into the Fe –

30% Ni binary alloy changed the value of M
s

inconsiderably.

However, the point M
s

in the earlier published works
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TABLE 1. Temperatures of the Start of Martensitic Transformation

Ms by the Data of Different Works

Alloy (wt.%) Reference M
s
, °C

Fe – 30% Ni – 3% Pd Present work – 23

Fe – 30.43% Ni [18] – 30

Fe – 29.60% Ni [19] – 39

Fe – 31.00% Ni [20] – 50

à

b

50 m�

50 m�

Fig. 1. Microstructure (SEM) of alloy Fe – 30% Ni – 3% Pd: a) aus-

tenite phase (the arrows point at austenite grain boundaries); b ) sur-

face relief of martensite lamellas after immersion of the specimen

into liquid nitrogen.
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Fig. 2. Determination of the temperatures A
s

and A
f

of the inverse

transformation (a) and M
s

of the martensitic transformation from

DSC curves of alloy Fe – 30% Ni – 3% Pd (G is the heat flux).



changed considerably upon the introduction of a third com-

ponent; for the alloy Fe – 29.4% Ni – 2% Cr [12]

M
s

= –138°C, for the alloy Fe – 30% Ni – 0.8% Mo [21]

M
s

= –83°C, and for the alloy Fe – 28% Ni – 7.5% Si [22]

M
s

= –180°C. A
s

compared to the mentioned alloying ele-

ments Pd causes growth of M
s
. By the data of [23], the alloy

Fe – 30% Ni – 1% Pd has M
s

= –33°C.

Table 2 presents the values of M
s

after thermocycling of

alloy Fe – 30% Ni – 3% Pd at from 20 to 500°C. The tempe-

ratures A
s

and A
f

remain virtually unchanged, while M
s

low-

ers with growth in the number of cycles. According to [9],

the mean size of the austenite grains decreases with increase

in the number of cycles, whereas growth in the fraction of re-

tained austenite in the Fe – 31% Ni alloy is caused by stabili-

zation of the austenite due to growth in the dislocation den-

sity. Our data agree with the results of [9], where the content

of martensite formed from the reverted austenite in the

Fe – Ni alloy decreased with growth in the number of ther-

mal cycles.

Figure 3 presents the diffraction patterns of specimens

before and after immersion into liquid nitrogen. We observe

reflections of retained fcc austenite (�) and bcc martensite

(�� ). The mean values of the lattice constants of these phases

are equal to 0.35704 and 0.28614 nm respectively.

CONCLUSIONS

1. The kinetics of martensitic transformation in alloy

Fe – 30% Ni – 3% Pd is an athermal (burst) one; the tempe-

rature M
s

(–23°C) differs little from the M
s

of the binary Fe –

30% Ni alloy.

2. Thermocycling of alloy Fe – 30% Ni – 3% Pd virtually

does not change the temperatures A
s

and A
f
, while the tem-

perature M
s

decreases with growth in the number cycles and

attains –60°C after three cycles of heating to 500°C.

3. The morphology of the martensite crystals is lamellar;

the constant of the bcc lattice of the martensite is 0.28614 nm;

the constant of the fcc lattice of the austenite is 0.35704 nm.
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Fig. 3. Diffraction patterns of alloy Fe – 30% Ni – 3% Pd (I is the

radiation intensity): a) homogenizing at 1200°C for 6 h, water

quenching; b ) the same specimen after immersion into liquid nitro-

gen for 5 sec.

TABLE 2. Temperatures Ms , As and Af As a Function of the Num-

ber of Thermal Cycles

Number of cycles M
s
, °C A

s
, °C A

f
, °C

1 – 23 370 450

2 – 42 360 460

3 – 60 360 450
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