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Design and Installation of High-temperature X-ray Diffractometer
for Transuranium Elements and Its Performance Test
(Joint Research)

Yasuo ARAI, Kunihisa NAKAJIMA, Hiroyuki SERIZAWA,
Hironobu KIKUCHI, Yasufumi SUZUKI and Tadashi INOUE *

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received May 28, 1998)

A high-temperature X-ray diffractometer has been installed in a glovebox for
examining thermal properties and phase relations of compounds and alloys containing
transuranium elements such as Np and Pu. The apparatus is constituted by X-ray
generator, goniometer, X-ray detector, heating furnace, cooling water circulating system,
vacuum pumping system, gas supplying system and workstation. Besides supplementing
some safety functions, the apparatus was partly modified to install into the glovebox and
control the atmosphere in the furnace during measurements. Maximum sample
temperature and X-ray power are 1300 °C and 3kW, respectively. Preformance of the
high-temperature X-ray diffractometer and glovebox was tested after the installation. It
was confirmed from the observation of phase transition of ZrQ: and measurement of
high-temperature lattice parameter of ThO: that the apparatus is to be an effective tool

for the coming experiments of transuranium elements.

Keywords : High-Temperature, X-ray Diffractometer, Glovebox, Plutonium, Neptunium,

Phase Transition, Lattice Constant, Thermal Expansion
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Table 1 Linear thermal expansion coefficient of ThOq

Temperature Linear thermal expansion coefficient
&) (10¢/K)
298 | 8.77
373 8.92
473 9.23
573 9.45
673 9.71
773 9.93
873 10.1
973 10.3

1073 10.5
1173 10.7
1273 10.9
1373 11.0
1473 11.1

1573 11.3
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Fig. 2 Flowsheet of the ventilation system of 303-DGB



JAERI-Tech 98-022

Bolt (M8)
\‘
O 9]
Vacuum
pump
(TMP) —
8 @)
@) 0O k @
Goniometer
L1~ g
X-ray Sample X-ray Bolt (M8)
generator chamber detecor
(Top view) (Front view)
Fig. 3 Arrangement of the high-temperature X-ray diffractometer in the
glovebox
Draft é
Gas
mixer
02 J
@ (R~ coun || camn [ \ o>
Sample
chamber
-@—M—» Gas T €
chromatograph
7y
_Q})____1 303D-GB
A
Gas Gas
mixer sampler—N—’ ® Regulator
: Standard @ Flow meter
gas 7] HEPA filter

Gas cylinder station

Fig. 4 Flowsheet of the gas supplying system



JAERI-Tech 98-022

(a)1249°C B 3-z02
a-2rOo
aA
(b)1198C
A
(c)1150C
A A .
(d)1101°C
J."
(e)Room |
temperature |

20 25 30 35 40
Diffraction angle 26

Fig. 5 X-ray diffraction pattern of ZrO;
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Fig. 6 Temperature dependence of the lattice parameter of ThO:
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Fig. 7 Calibration of the sample temperature higher than 950C
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Fig. 8 Temperature dependence of the linear thermal expansion coefficient
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