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Fig. 1. Overall structure of high temperature and high pressure in-situ neutron diffraction experimental platform.
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Fig. 2. (a) or D Optical picture of the single toroidal tungsten carbide anvil; (b) pictures of the high-pressure and high-temperature
cell assemblies: @ TiZr alloy gasket; @ pyrophyllite ring; @ ZrO, ring; & sample of MgO; ® graphite furnace; @ ZrO, tube; @ ZrO,

disc; @ Re foil; @0 Cu foil.
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B3 BRI ALR B () FRARIT: (b) FE4 R
Fig. 3. Assembly diagram before and after simulated com-
pression: (a) Before compression; (b) after compression.
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B4 DRAR R FEmlh A o A S AR A5 () SEAOR B S (b) i 7R B O 8 IRl ; @8RS & 45 O i A 3F;
@FEALEEI; O M ALEE; O 8, ORMAEE; @ALEH; Ok ; O

Fig. 4. Schematic diagram of (a)three dimensional and (b)sectional of the high pressure and high temperature cell assembly: @D single

toroidal tungsten carbide anvil; @ TiZr alloy gasket; @ pyrophyllite ring; @ ZrO, ring; & sample of MgO; ® graphite furnace; @ ZrO,

tube; @ ZrO, disc; @ Re foil; A0 Cu foil.

YR ALz 5 FiR. REER B IEREN RS
Tz 1435124 0, 300, 500 LK 800 kN, S5 i 4
AR SRS R 15 h. BSR4 800 kN &
ST, A AE IR E R 200, 315, 530 W R
PEAT e ek v e B, P A SR, X g i A4 R BH
h 15.1, 13.9, 12.7 m€, L BH Bl AT 2R 5938
TN, SRIEHTE] A 18 h.

1000 300
—— Oil press Neutron diffraction time
—=— Power Neutron 4 700
800 ® & ®
Neutron | | 600
Z 600 1500 =
i Neutron >
E Neat 1400 8
eutron
'3 4001 Neutron " 1300 Q?
Neutron
200 T - 1200
4100
Neutron
Lo—T% | L L L L L L L L 1y
0 20 40 60 80 100 120
Time/h

B 5 FR SRy Aom L ke A 2on 2

Fig. 5. Loading force and heating power input curves.
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1 SRR R T, T T DU SR RN X 08 A s s

Table 1. Thickness of gasket I, II, III zoom before and after compression, and cell pressures under different loading force.
Before compression After compression Pressure/GPa
No. I II III I II1 300 kN 500 kN 800 kN
#1 5.1 2.0 2.9 4.3 2.1 2.0 2.9 Anvil broken
#2 6.0 2.5 3.4 4.0 2.8 2.8 4.8 114

# 2 AFERGMBS BINPEATIZT XL MgO F 5 Y SRS B R S IR

Table 2. Cell parameters, pressure and temperature of MgO under different loading force and heating power.
MgO
Load /kN Power/W

a/A V/A3 VIV, P/GPa T/K

0 0 4.226 75.42 1 0.1 300

300 0 4.202 74.22 0.984 2.8 4 0.3 300

500 0 4.186 73.39 0.973 48 +£04 300

800 0 4.14 70.83 0.939 11.4 £ 0.9 300
800 200 4.178 72.92 0.967 114 1197 £+ 117
800 315 4.189 73.48 0.974 114 1406 + 117
800 530 4.208 74.52 0.988 114 1773 £+ 117
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Fig. 6. (a) Neutron diffraction patterns under different load-

ing force; (b) sample/cell pressures-loading force curve.
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Fig. 7. High pressure and high temperature neutron diffrac-
tion patterns under 800 kN loading force and data analysis:
(a) Neutron diffraction patterns of MgO at different heat-
ing power; (b) sample/cell temperature-heating power

curve.
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Abstract

High-pressure and high-temperature(high-P-T) in-situ neutron diffraction detection method is a field of
growing interest, in particular, for its numerous applications in the field of condensed matter physics, crystal
chemistry, geophysics, materials science and engineering. In this work, we design and optimize a set of assembly
for high-P-T in-situ neutron diffraction experiment in neutron source of China by using Paris-Edinburgh(PE)-
type press. The high-P-T experiment is carried out with a high-pressure neutron diffraction spectrometer
(Phoenix) of China Mianyang Research Reactor (CMRR). A 1500 KN uniaxial loading system and a 1500 W
constant current source provides extreme conditions of high-P-T for PE press. The toroidal anvil we use is made
of tungsten carbide. We use two types of gaskets: one is machined from the null-scattering TiZr alloy and the
other is made from the thermal insulation ceramic material of ZrO,. High-temperature furnace is formed by
graphite. First, a simplified simulation analyses of the pressure change rates in different areas of the entire
assembly are carried out, and it is concluded that the gasket I, II, III areas are designed with a gradient
decreasing method. The compression ratio of the sample chamber is significantly improved. Then when the
gasket reaches the same compression ratio, the cell pressure will be higher than the pressure before
optimization. After that, we conduct experimental verification on the optimized design. Through a series of
optimization experiments for assembly on the rheological control of gasket, the improvement of thermal
insulation performance and the maximization of effective sample volume under high-P-T, the key technical
indicators and design scheme of the high-P-T in-situ neutron diffraction platform are verified. The temperature
and pressure in the sample cavity are calibrated by using the MgO's high-P-T in-situ neutron diffraction
spectrum and equation of state. The in-situ neutron diffraction sample cavity environment of the designed
platform can reach the conditions of 11.4 GPa and 1773 K. The successful development of this assembly greatly
improves the experimental conditions of CMRR high-P-T neutron diffraction platform. At the same time, it has
important reference significance for further improving the high-P-T loading conditions of the PE-type press and
expanding the application scope of the PE-type press.

Keywords: in-situ, neutron diffraction, high pressure and high temperature, China Mianyang Research

Reactor
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