FeE S EYIER
e — & Jl 53 T

o 2
i % 3% 4 K
CHINESE JOURNAL OF HIGH
PRESSURE PHYSICS

BEHEFEHEAR

BE Y E xS
= B Rl 2 B4




=S E ¥ B = IR 1987 £ 9 H 1T
2018 EXWME T

GAOYA WULI XUEBAO cBEETBFA -
H X
I8 FH T e Rk 2 A 5 B [ 7= B B N i TOU R LB AR IR e oe e B 3 BT S B

JEASE I 6 4 M A s il A g T R AR BIE AR -
SRR LI E N ST EAE RN -
A 3 ﬂ% 5 2 AL BE A TR A T oo ERENABBE BOREAL A
7 42 5 A et | A0 A %Elﬁ’]yﬁ(@@ﬁu&ﬁﬁ??\ﬂ
C EAAECFRAELCNERL.H A

<<%E¢@Ii%ﬂxl>> 2018 ﬁijzﬁ@—’%ﬁjg% <<%Eihiﬂr?%ﬁ>>fﬁiﬁ%ﬁ
2018 AFE“ A FE LI F AR F L TS LB S B, cooevevirveniin i 3 =

:'-ME
,E,.

75 M it . www. gywlxb. cn

E FHBFE : gaoya@ caep. cn
BEZHIE: 0816-2490042



B st 3 A

CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

H32% H1M [/ A S/ B | = Vol. 32, No. 1
2018 4F 2 A CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Feb. , 2018

DOI: 10. 11858/ gywlxb. 20170600

NMATEERERARIESRER
NEMENKAREERE

YK R R

WUNR%ZRT 55> T RTS8, I E# 610065)

BEEFREXAATRENZREBE LKL ERARNABERTERE . LT 50 LHEKF
AR EIVHEEARMGERFHLALBRET FHAAR, EEREEHE-—F2H, KX
MUWNAFHEERFEZREREEE =R X TR F T 5 ER #5503 AR
AN RrEBFReg A S OMENAEGAGELXEANA TR ERFHARAHANEK ERNE
FPERFEUATEZRBES ENARABEFIAEGFEMXEL BAELEE A REZLEE
ERAGEMFFARAEEANEA,

KEWR . ~BWEN;HERFEEA; KEEEN ;A

FESES: 0521.3 X EEARIRED . A

B 5 300 JUAF [ B g FE B R A DRt % 8 1 FE R 2 OHB A A4 Rk B A SC SRS T — R A 5. B
KM AR = R E AR S 2 WC BT A 4 A4 k5 B2 0 B, 1 00 DR 90 K i IR e g P 206 18 v 1 o
AE 725 IR I #0AE 30 GPa LUTF M . SR BB ZE 2 it 4 WA AR R 22 G008 T 1) A SRR i b ) T i 326 380 ) e
R — AR T 100 GPa'™ . 2004 4, H A Z 18 K 2E M Bk 8h 71 24 058 0 19 Trifune 2605 FH 6 000 ¢
PR TR T TR ML 58 1 22 4T b 2 B Al R SE B 10 mm PR BEDE TG R £ 5 4 Wl A, 2010 4R,
Kunimoto 5" FIl BT & B 990K 22 i 4 WA FE S 22 G008 T 00 R G TR Al L 45 4 A1 25 5 3 DR X4 2 i
S (XRD) 45 AR b s R K 735 8 125 GPaL & JE A $] 1100 K'Y, 2015 48, Dubrovinsky %1 75 & Kl A4
FERG /N A FEMLE B, FH 9 K 22 5 4 W0 7 R G R . s AR P 0 % ik E)) 750 GPa, — ELLA
o s B A e AR S AR ) 2 K A R L e P R 5 [ AN AE e e R i 25 086 . [ )9 B AE T i 1) — 2 K s
A R LI AR SR FH B 7= S 1 TR AL L BC & WO — R TR . 78 e (I F 5. 5 GPa IR EER T 1800 K Al X
TF R SER ST L 5 B PN Tl A B A 7S T T00R AL 8 22 S AS K. i [ ™ S T 00 ML — 2R s A 6 s
FEAEE — HH 2007 A Z BT AR A4S 1. 25 BHIFBE T B 45 75 MR K 2% 88 B b R} 1 5K A S0 # el
T2 AR R} ) &5 B R 5 B 2 1 5K A S 00 & L v R 2 B 4 BT o] B A 2 GO AR A
PR = e B 3 A LB [ A4 B A AR A% B 50, 2 L TG 25 4 P R o T A e 1 2
HE T 3B AT BUAS 3 S (] R, AP R L B 2 TR ] 2 5 0 AN T B i R 2R R DR R R DL R Tl S g
i 3 B AR B A o A L T R B T AWE & EL A A 35 R PR A 2% L OF A R AL e it K F Y BE
F1o PR F 5 53 F 9 BB 58 B — BB F 167 75 1 150 R AL = T 4 A BIF &, 6 [ 7= o 100 R AL —
R B AR AT AS Wik i, I F 2007 45 FF4f 4 8L 1] A 5% AT BN 2R A7 1R 7 2T 00 ML — 2 K
TR R B Y Gt AR OR I SS 0, IO T B R L T A S ) [ O T TR AL )

« WA HEE: 2017-06-26; fEEIH . 2017-09-26
EE® N : % JA960—), 5 1 1, Z0R W L A4E S0, E NS ER Y 5 BRI AT
E-mail: pengfang@scu. edu. cn
BEEE . PowmE(1969—), 55 1 1, 22 1 1 AR S0, 3228 DS v R M B 8 B R R A T R i v e B R B Y

E-mail : duanweihe(@scu. edu. cn

010105-1

© 2018 Institute of Fluid Physics, China Academy of Engineering Physics http://www.gywlixb.cn



1M = JiS ) il 2% i o532 %

R o R B BRI AR . O 1 B Al ™ BB XS T TR AILB A ) 8 D e B e ol ke Joe 3 T 7S T
T L IR AR i R AR S AR SCAC LA DY 1 2 i TR A 2 45 R S 06 3 T T o TR R = T 9 ) [l ) e s
T T00 ALY 5 A A i aod A A 8 I B e i T PR AL AR TR A AR

1 HEHIE

Z AN, FR [ K A g T 2 R I N TR LR R R AR R . — AN
KIS TUEMLELAR 38 KA AR, 5 A i WA S J7 BRI % A 77 280 %, ff HE T 33 1 4 A A
B Tl b & & . AT JE L, Zad JL 41 kR, 7™ 7S T 0 FE HLERAS T =F A AR € 48 o B P
F [ A AR R AR P A, A WA AR P Ak B 200 A2 R iYL R A R I 7 N T TR AL Y
L B R Y B AR B B T R Y e ) R R B v R T R R s RGBS A B I L v R
JE O U RN DR e DA B R (18 T/ B R AR T FL T3 T o8 v FR B2 LM R 2% bR R 2% 45 2R B I 5
TAE . VU R 2 8 R 2% 5 4 R 9256 %8 1F 2 A6 3K 4538 B% b JEAT RS 09 5% 7 9 U T 100 2R .

20 g 80 4EAX, IR E T TR ML E AR /K iR H AR, EERIAE . (D RV H SR EK. &
HLELAR /N AL R SE 4R HE A SR S/ CREEE T 10 MND 5 (2) S B AN CEH AR FEA/NT 20 mm , i #
E14~18 mm yu D ; () MR E R GG, EE R n s 1(7<<n<<10) B BRATFERG 5 25 A &2 =00 i
frfE At 100 MPa 7645 1Y i He ¥ s T ) CHy B4 AR 494 T g %) A A BIR A1 TG 12 Dy T ML it 3 4 o 1) £ T 5 i
A AU TR AR BRSO IR T BT AR Y T 25 AN BB 2 F5 FRATLAS Ao i) £ 7 PR (L 37 ZE 5 EEAS W e ], 76 %
A FE T hn g B v B 3 BB Bh B KD s (4) I FR 48 22 2k T 3l 45 i 8 Fe i E A7 R B 4 B &R
GiEE T3 AR Ak B AR SC B BORE 4 R 5 2 i A T T K A R LA L AR AR AR K 25 0 B g
P Tl A LA 2 Bh 27 BiF 5 v A 7 B 5 ) 8 ] 50 A L R TR R 27 1 R

DU I K 24 7 5 43 7 9 BEBE 9% i 72 20 42
80 AEMHA M G /N WUEHL . — & R AR AR
#r ) 62X 6 MN 75 [ TR ML . — 5 5k FHERLAT F2 3 R 4%
) 6 X8 MN 7S R AL, X PR R LR T
B S ES AN 1 WU 51 W13 v 5 2 N N O 420 s A E v
RUZSTH TR AL 5 & BT 7 A 1Y s AR TR 0 i 3
K IR 4 RS BE 25 AN BB A I ] £ L D3 Ab
TEAL Fe A o0 B oy R %85 B0 8L Oy T A7 7E B 1R £ 1)
B, R FEALASIE A e R R S8 5T, 0 A5G
HATHRRBGE o 2 T 3% — AR, FRATTRE 7S T TR AL BT A R CTHE R D b B OF HEA —

FARBUEME RN FEHRAE S Z — . B BCE IO Tt A 53 R HE A —)
HFX,1987—1997 FFEAE W TE R T AT, pujil Fig. 1 Gou Qingquan (seated at the center),
e TR S A AR A R 5T B\ T ST L B Hong Shiming (standing, first from the right),
B PRI A AR T S R T 2% B I and Masao Wakatsuki (seated,first from
B 3087 (Masao Wakatsuki. 1962 4F 5 H 76 H A 4% the right) and their research team

) G H AR S — T B W) B AT A AT R BT G AR e R SR LA D)

H AR 5 T AR 4l 25 I B [ 7S T T LA 7 B9 185 0 A B A IRF ] P T R 47 RS 2 S o 46 ) L 4R 48t 17—
/N A B I 2R SRR L A A S AR S B T R PR S W UR AL (DS 6 >X800A AL |, X —
SR DR R R R 17 R TR IO WL D of B 8 4 kO T 42 0 28 8 09 D TN B8 L I LA D i e 3 A A
Tk P 50 /0 )1 0 T S B T A I [ B A R S T RS L RE AT T B A B T . AR U AR T
— RGVBEGE 0 A0 B A 4 TOURR /N A BB R (4170 45°) X e e s 8 b BB R TR ) 1% 33 1 B 14 5% 1, )
FHA [ 8 U545 B <3z 9 A o SR Tl JBE 68 B2 95 R0 3 0 S 925 2 4 43 M A R B0 s 79 Al i 185 7 L NaCLL Mg O,
ZrO, A KRS e TR BRI AL TR PERESE . X S8 S PRI FE IO 1 2 A A BSR4 ML E 95 e I 7E b B

010105- 2



532 % S AR T TRk R A R B 2O T TR AL e T R %10

o P 5 A R B Ak 0 B 1 2 TR L AR AR T 1996 4 [ 55 B A Kk I AT B (R R R R
TR WU Sy 2 5 76 v ] IR A 1 R O T M i 28 TR A A D e ST ST I B e D

% P B R RO F A Jy BRAE 45 R, H A /9 S 1 TR AL i 7 AT A AR R )z ),
R AR TR A S T IR LR R MO 2 e i SR L R R RS AT R R R S A AL A
Sh AR L E— 255 S 1 TR AL R ) R BE ) 4 A Bh L R oRS AR I UEAT TORESE . 1999 AF U IR
TR 5 RS2 6 25 5 04 P e s EL B I F 5 BT B A L R R T o R R AR R D TR S B0 i KRR R
FE7 AR % TR A A 5 6 kA ) BELBIE 5 BT 1) — £ Tl FH S T IO LR AT R et o R A A
LYGHIR I R B RS RS R AL R A AT LS T R G TR R CEUE R 4 A sh
FERER T (24 h L D PR . K el J5 0 7 T TR AL BB 5 AR S0 56 28 e v H A AR e 1Y oS T TO0 R B
REHEATXT L, 45 SRR, [ FBGH A 751 UL B RGP RE IR T H A M R B . 2002 4, U IR 2
0 PN e s L I B 5T A VR A S B S 46X 8 MIN TR MLEEAT 4 AR Bl L3R % T 5 5 B A S T
149 /0N 15 R 2 T T 47 o) 2 8 R 4 1 3R 6 R FH 40 10 30 285 0 1 i) 2R 0 3 4 CRIVAE R AL 1Y) 38 A T R
PR Ao R e, 7 S T v ) 7 S V0P TRk A DT b 28 P Vi 9 1 3 2 A 3 M 5 T A L v R S R AR S R
SRR T R 4 Sh R Sl A RS R SR B 420, 1 MPa, SEER T g H M P ) PH P R 0 AT IR R A
AT 5 St ) e R AR X ol R PN TR AR RS B A B 41 °C L 2012 4R, U IR A
I KIS N e s EL B8 W1 F 5 T AR MR v 4 HILAREL T CRE MR IR 4 7 Tl B3 28 1) » 3 T 3 [ BV e P il
FHZS 0K B A EHLAY T5 2R A DU K2 TP & T — 6 62X 14 MN 5 TR HL . 32 1 HLAG T JE 32 RS 1
KF] 40, 05 MPa, A7 2 28 M A W AP in s =8, S0 T FE HLAG T A28 B SUH I8 R 45 T BE

21 AL, S L ER B 2% v 1) 25 A T AR IS R RLRE 2 i i B -1 AR 56 R AF5Y A T 5K Lieber-
mann" FEN T RN L FF & T D-DIA BUFRAL, 2% 8 0] DI7E S RSP 2Ly o2 3 A0l 57 Jingg Jy 1) 11
B — T 1) B DT SR = 4 28 TR B R AR I . AT XX — D aE L FRATT A 2009 4R FF 4R 558 N S kL
JE LB W BE 52 BT A VR & 9 1 2015 AR B =X 18 TR ML S8 Tz T Re L il 2 TR . X RN
17 TR AILSE BRAE ey i 4 A T0RR A AR RS AR R = il VR 2 A4 ToRR 4 <7 e A9 8 IR IR G . & i
B 7= S T TR HLSE B T AR XS AR IR D RE . 5 b (R Bst T P At R A 2057 3 7 ) 7 7 T TR AL b A 2 b
TF K e R R R P ) AR T RE

@ ® 48 (b) . — Horizontal loading
) — Vertical loading
Setting pressure
£
3 =
5 N
g
=
0o 16 32 18
Time/min

Bl 2 SE bR b sy s 9 B S T TR ML Ca) B HC THURR s ) 28 £k ittt 26 ()
Fig. 2 Domestic-made cubic presses implemented the function of independent loading

in the vertical direction (a) and oil pressure-time history (b)
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Development of Domestic Hinge-Type Cubic Presses
Based on High Pressure Scientific Research

PENG Fang, HE Duanwei
(Institute of Atomic and Molecular Physics s Sichuan University ,Chengdu 610065,China)

Abstract; The China-made hinge-type large volume cubic press is a high-pressure device independently
developed in China. After 50 years of continuous development,it has achieved {ruitful results in indus-
trial synthesis and high-pressure scientific research and occupied a special place in the world. In this
paper,we take the topic of China-made hinge-type large volume cubic press used in high-pressure
scientific research at the High Pressure Science and Technology Laboratory of Sichuan University,and
demonstrate its development and technical characteristics. The technical performance of the device will
be continuously improved in the development process in the future,so that it will play a greater role in
China’s industrial high-pressure synthesis and high-pressure scientific research.

Keywords: cubic press; high pressure science and technology;large volume press;superhard material
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In Situ Measurement of the Cupping Deformation of
Diamond Anvil under High Pressures

LIU Shenggang,JING Qiumin, TAO Tianjiong, MA Heli,
WANG Xiang, WENG Jidong, L1 Zeren

(Institute of Fluid Physics \/CAEP ,Mianyang 621999 ,China)

Abstract ; In this research we presented a novel method based on frequency domain interferometry to in
situ measure the cupping deformation of diamond anvils under high pressures . First we introduced the
working principle of the cupping deformation measurements based on the frequency domain interfer-
ometry,and then we carried out the experiments under high pressures. The cupping deformation of
diamond anvils is obtained under high pressures up to 42. 1 GPa, and its maximum value reaches
11.1 pm. The experimental results show that the cupping deformation increases linearly with the pres-
sure. Our work verify the recent finite element modeling calculations.

Keywords: high pressure;frequency domain interferometry;diamond anvil;cupping deformation
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Table 1 Experimental details of pressing and sintering of bulk samples

Load/ Dimension/ ) Density/ Load/ Dimension/ ) Density/
No. Cracking ) No. Cracking
MPa  (mm>XmmX mm) (g+cm ®) MPa  (mmX mm X mm) (g+cem™?)
1 100 39X 39X 25 No 2.3 6 240 39X39X24 No 2.4
2 160 39X39X23 No 2.3 7 240 39X 39X23 No 2.4
3 160 39X39X23 No 2.3 8 240 39X39X23 No 2.4
4 160 39X39X23 No 2.3 9 240 39X39X23 No 2.4
5 160 39X 39X23 No 2.3
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Fig. 2 XRD patterns of powder mixture treated at different temperatures (a) and MgO+9% CoO and
MgO+10% Na, SiO, before and after being treated at 12 GPa/2 000 ‘C and 12 GPa/1800 C (b)
(The temperature in Fig. 2(b) represents the central temperature of the celD
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Fig. 3 SEM images of MgO+9%CoO and MgO-+10% Na, SiO, (Na, SiO, is marked by the
white box in Fig. 2(b) .and 2000 and 1800 °C represent the central temperature of the cell)
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Fig.5 Efficiency of temperature generation

measured at cell pressure of 12 GPa
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Preparation of Cobalt-Doped Magnesium Oxide Pressure-Transmitting
Medium with Solid Reaction Process

WU Jingjun'?, HE Duanwei'* , WANG Qiang'?,ZHANG Jiawei"?,LIU Jin'**

(1. Institute o f Atomic and Molecular Physics Sichuan University ,Chengdu 610065 ,China;
2. Key Laboratory of High Energy Density Physics and Technology of Ministry of Education ,
Sichuan University ,Chengdu 610065 ,China)

Abstract ; In this study, magnesium oxide (MgQO) doped by cobalt (Co) was prepared as pressure-transmitting
medium, by solid reaction process. The starting material is a pre-compressed mixture of MgO and cobalt oxide
(Co0) ,which was mixed for 8 h and compressed at 200 MPa,and then treated at 1 200 °C. The as-prepared
samples were characterized by X-ray diffraction, scanning electron microscopy,and thermogravimetric analy-
sis. The results demonstrate that during the sintering process, the reaction between MgO and CoO was com-
pleted and the exchange of metal ions between Mg(O and CoO leads to a single solid solution phase. Compared
to the domestic products (MgO-+10wt% Na, SiO,) , there is no impurity found in Co-doped MgQ, which is
more stable than the domestic products under high pressure and high-temperature. In addition, the tempera-
ture-generation efficiency of the cell assembly with MgO-+9mol% CoQ as pressure-transmitting medium is
also higher than that of the domestic products.

Keywords: solid reaction process; high pressure and high temperature; MgO-CoO solid solution; pressure-

transmitting medium ; temperature generation efficiency
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Numerical Simulation and Experiment on New Multilayer
Stagger-Split Die of Ultra-High Pressure Apparatus
WANG Bolong', LI Mingzhe”, LIU Zhiwei’, HAN Xin'

(1. School of Agricultural Engineering and Food Science ,Shandong University
of Technology ,Zibo 255049 ,China;
2. Dieless Forming Technology Center , Jilin University ,Changchun 130025,China;
3. School o f Mechanical Engineering , Anhui University of Science
and Technology s Huainan 232001 ,China)

Abstract: This paper introduces a novel ultra-high pressure device, double-beveled multilayer stagger-split
die. This device consists of a double-beveled sector block cylinder,a discrete prestressed ring and a hoop ring.
We explored the force situation of the double-beveled multilayer stagger-split die, and the results were
compared with those of the belt type die. The results show that the von Mises stress and maximum shear
stress of the double-beveled multilayer stagger-split die is 46. 8% and 50. 9% lower than that of the belt type
die. The experimental results show that the pressure of the double-beveled multilayer stagger-split die is about
78% higher than that of the belt type die. At last,the double-beveled multilayer stagger-split die is easy to
manufacture and assemble,and can achieve large cavity mold manufacturing.

Keywords: ultra-high pressure apparatus;structural design;split block
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