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Elements of the microstructure that
should be controlled during
development of alloys with desired
characteristics:

* phase composition of main phases

* phase composition of secondary
phases

* grain boundary ensemble

* dislocation density

 microstructure elements
dimensions

* etc.



The main diffraction methods for structure and phase
composition studying

* Diffraction of electrons

» X-ray diffraction

* Diffraction of synchrotron radiation
* Neutron diffraction
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2D visualization of the evolution of neutron diffraction patterns

Vol.fraction, %

Phase transformations in the Fe-45Ga alloy during
heating to 770 °C and subsequent cooling (XRD)
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Heating up to 770°C (a) and subsequent isothermal
exposure for 90 minutes (b) (XRF).
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Expectation Reality
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Synchrotron XRD diffraction

Intensity (a.u.)

modified D0, * [\
5 - Y

434 436 438 440 442 444 446
2 theta (deg.)

Y. He, et al., Acta Mater. 109
(2016) 177-186.

(a) as-spun

Intensity(a.u.)

236 438 440 442 444 446
2 theta(deg.)

Y. Han, et al., Scr. Mater.
150 (2018) 101-105.

Fe-27Ga
m'DO3

e
To
<
\»\J
C:'\'\
“\Q
e
P
AN A
at

(a) DO, (b) modified-DO,

Electron diffraction

020

ol o11 011 013

I (005 ¥

[100]-DO.,

. Gou et al, Scr. Mater. 185 (2020) 129-133.

a Fe-27Ga
(o]
220
f
o 2
z B}
(é (=1 ?'_ T T
i3] Q 204 205 206 2.07
= d A
(=]
=
<
= = —
mlo—] Q= S =
ol — clen 13 Ly
i bl ] _JL ) I
CLLLUTETTRTE O B | Il | 1 |
———— ———
0.5 1.0 1.5 2.0 2.5 3.0 3.5

Neutron diffraction
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HRFD — High Resolution Fourier Diffractometer at IBR-2

8,481 20,000

Neutron diffraction:

* large penetration depth;

* the ability to distinguish elements that are closely
located in the periodic table;

* large cross section of the neutron beam;

* ability of neutrons to feel the magnetic structure
of the material.
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Intensity, a.u.

Fe-39.5Ga as-cast
high resolution
mode
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Heating

Temperature, °C
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2D visualization

2D wvisualization of the evolution of neutron
diffraction patterns of the Fe-39.5Ga sample in the
cast state. Diffraction patterns was measured
during slow heating to 850 °C. The temperature
(and time) axis goes from bottom to top. Heating
and cooling were carried out at a rate close to 2
°C/min. The dashes indicate the peak positions of
the phases indicated on the right.
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Mechanisms of phase transformations
in Fe-Ga alloys



Complex phase transition combining the diffusional and displacive stages in Fe-27Ga
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Evolution of the phase composition of Fe-(31-39)Ga during
heating up to 850 °C

Fe-31.1Ga

100

Volume fraction, %
N (o)) o0
=) Ll [=)

1 1 " 1

[\®]
S
L 1 "

(=]

100 200 300 400 500 600 700 800
Temperature, °C

Fe-32.9Ga

100

Volume fraction, %

Wi vaN
B2
Fe .Ga,
A2/B2 ﬂ@%
i
[
1 WLrgLrL!HI‘mrﬂ||||ﬁ’||;r|:h'!_ﬂ'r|I!L‘ | a—Fe6G35
A2
L1,

100 200 300 400 500 600 700 800
Temperature, °C

100 W) 20000000000000/AN
] B2
NN B2 LA )
gn 80 2 =
= A2+DO0, ~
2 60- A
=
g
40
=
=
> 204 D'a:' -Fe Ga,
| FeBGa9 o
0 L T b T X T " T -
0 100 200 300 400 500 600 700 800
Temperature, °C
1004 Innnu
i Fe Ga,
c\c 80 [FD el) 4,
= ] %
?é 60+
= ]
(5
S 404
G _AA‘\ AZJW
- 20 By BB
©
0 oy .

0 200

400 600

T, °C

800

Vershinina T.N. et.al., Journal of Alloys and Compounds, 889 (2022) 161782
Vershinina T.N et.al., Journal of Alloys and Compounds 934 (2023) 167967

Fe-34.4Ga

Fe-38.4Ga



a-Fe,Ga; (sp.gr. C2/m) Fe,;;Ga, (sp.gr. C2/m)

Oq:

o &GQ
-_ no P e |

o
ﬁO

CO

O
lOo
oﬂ

y=0.17-0.31

1
o



da3oBblii cocTaB ci1aBoB Fe-(31-39)Ga B as-cast cocTossHHSIX

Ga, weight %

90 100
- 3‘0 {288°C
&0 90 100

Ga



Summary

> Neutron diffraction provides information from a large volume of samples.

The influence of surface layers on the results obtained is excluded.

> The combination of measurements at room temperature in high resolution
mode and in situ measurements in high intensity mode reveals both the
order of phase transformations and the mechanisms of these phase

transformations.



Thank you for attention!



