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Fig. 1. Cross section of Paris-Edinburgh press type V(left)
and type VX(right). @ Hydraulic fluid inlet; @ cylinder; @
piston; @ O-ring seal; & load frame; © anvils; @ TC
backing plates(seats); @ breech; O front collimator; @0 nut;
@D top platen; @ tie rod; @ backing disc; @ steel spacer.
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Table 1. Types of Pairs-Edinburgh presses and
principal characteristics!'®. Capacity is the maximum
load in tons. All dimensions are in mm.

Type Capacity Mass/kg Diam. ram Diam. piston

VX1 50 10 120 50
VX2 50 10 120 50
V3 250 50 248 114
VX3 200 50 230 114
V4 250 50 248 114
VX4 200 50 230 114
V5 150 35 198 92
VX5 130 35 180 92
V7 450 90 305 150
V8 450 90 305 150
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Fig. 2. Top view schematic of the HPND at CMRR.
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Fig. 3. Hydraulic pump and mobile platform.

2.3 [Erh.HBEHEMAAESE

S v i B Ml T (single toroidal anvil,
ST Anvil) AU T (double toroidal anvil, DT
Anvil) PIFPZEALA WC sl (A&l 4 ioR), i
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Fig. 4. The single toroidal anvil (left) and double toroidal
anvil (right).
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Fig. 5. The single toroidal (up) and double toroidal (down)
assemblies with anvil, gasket, and sample.
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Fig. 6. Picture of the gasket before compression (a)—(c) and
after compression (d)-(f): (a) Gasket of DT anvil before
compression; (b) gasket of ST anvil before compression;
(c) gasket of ST anvil before compression with sample;
(d) gasket of DT anvil after compression; (e) gasket of ST
anvil before compression; (f) gasket of ST anvil after blow-

ing out. .
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Fig. 7. Diagram of loading forces-times curve.
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Fig. 8. Neutron diffraction spectra of different loading forces
and different assemblies.
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Table 2. The lattice constant, volume, and sample pressures obtained by fitting diffraction peak at different loading force.

Loading force/MPa

hkl for fitting diffraction peaks

a/A V/A3 P/GPa

SA-0 (110)(200)(211)
SA-50 (110)(211)(220)
SA-80 (110)(220)
SA-100 (110)(220)
DA-0 (110)(200)(211)
DA-50 (110)(211)(220)
DA-80 (110)(220)
DA-100 (110)(220)

2.86388(24) 23.4889(118) 0
2.84134(94) 22.9388(462) 4.35(39)
2.82567(138) 22.5612(677) 7.64(62)
2.81640(164) 22.3401(802) 9.70(77)
2.86439(58) 23.5016(288) 0
2.83609(122) 22.8119(597) 5.53(52)
2.82200(194) 22.4735(949) 8.56(89)
2.81255(9) 22.2486(44) 10.70(4)
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Fig. 9. Sample pressures-loading forces curves.
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Table 3.
ing compression. #3, #4 are the gaskets with blowing out.

DN fIE R B R B A1, 42, 45 AR AE U IR, 43, 44 N R UE R B
The thickness of gaskets before and after compression. #1, #2 and #5 are the gaskets without blowing out dur-

Before compression

After compression

Sample/ Gasketl/ Gasket2/ Gasket3/ Gasketd/ Sample/ D1/ D2/ D3/ D4/ D5/ Loading
mm mm mm mm mm mm mm mm mm mm mm force/MPa
#1 4.75 1.75 2.50 — — 3.75 0.75 193 043 — — 80
#2 4.75 1.75 2.50 — — 3.70 0.70 185 035 — — 100
#3 4.75 1.75 2.50 — — 3.88 0.88 1.69 019 — — 78
#4 4.75 1.75 2.50 — — 3.17 0.17 146 0 — — 83
#5 3.60 1.60 2.50 1.00 1.80 2.75 095 1.58 0.78 1.43 0.63 100
90 4 Z Orii/'};al B Original 2.0
80 a
100 MP
| | O 100 MPa © N
1.5 4 O 78 MPa(BO) u L1.5 g
g <l 83 MPa(BO) g
g <
3 g
2 1.0+ ] L1.0 2
< o0
) [
o 5
° @
% 0.5 0.5 ¢
Z ] g
= < & 2
= 0+ < -0
1 1
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—0.5 4 i i ; L 0.5
IE . | N | I
T LE——— T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
R/mm R/mm
P10 i i 4 it JBE BE X L
Fig. 10. Comparison of the thickness of gaskets before and after compression.
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Abstract

Since the 1990s, with the benefit of available large-volumed samples, wide detector windows, and
portability, Paris-Edinburgh press has been widely used in neutron facilities to study the structures and
physical properties of condensed matter under high-pressure extreme conditions. In the present study, We
perform high-pressure neutron diffraction experiments in neutron source of China using the Paris-Edinburgh
press. The experiments are carried out on a high-pressure neutron diffraction spectrometer (Fenghuang) at
China Mianyang Research Reactor (CMRR). Fenghuang is a high-intensity and moderate-resolution
diffractometer which has been upgraded from a neutron powder diffractometer and can be used under ambient
and extreme conditions. A single cylinder pump with a max load of 200 MPa provides a loading pressure for
Paris-Edinburgh press, and a precise mobile platform is used to hang and to locate the Paris-Edinburgh press.
Using the tungsten-carbide (WC) toroidal anvils with TiZr gasket, we obtain the neutron diffraction spectra of
Fe samples at different pressures successfully. We also obtain the neutron diffraction spectra respectively at
pressures of 9.7 GPa and 10.7 GPa by using a WC single-toroidal anvil and a WC double-toroidal anvil under
load 100 MPa. The TiZr gasket blows out before the load reaches 100 MPa in the WC single-toroidal anvil
assembly, while it remains good in the WC double-toroidal anvil assembly under the same load. The WC single-
toroidal anvil assembly becomes unstable under load about 80 MPa, and the WC double-toroidal anvil assembly
is still stable under load 100 MPa. Thus, the stability of the double-toroidal anvil assembly is much higher than
that of the single-toroidal anvil assembly. It is found that the thickness of the gasket edge is very important for
the stability of the assembly during loading. The thicker the edge of the gasket, the more stable the assembly is.
The main reason is that the groove of the double concave anvil can enhance the lateral support ability of the
gasket, thereby making the double concave surface assembly more stable than the single concave surface

assembly.

Keywords: Paris-Edinburgh press, toroidal anvil, gasket, neutron diffraction
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