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Fig. 3 The optical photo of the hybrid pressure cell: Heteromorphosis pyrophyllite and

cemented carbide rectangular table before fitting (a) and after fitting (b)
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Table 1 Pressure calibration for the anvil-preformed gasket system (14.5 mm truncation anvils) and

anvil-gasket system (23.5 mm truncation anvils)"

Calibrated Phase transition  Sample chamber Press load/(MN)
material type pressure/(GPa) Anvil-preformed gasket system Anvil-gasket system
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Table 2 Symmetrically deformed region for the anvil-preformed gasket system and conventional anvil-gasket system

with different anvil truncations under 4 GPa

System Lwits/(mm)  Lyopyitie / (mm)  Symmetrically deformed region/(mm X mm X mm)
Anvil-gasket system 23.5 32.5 18X 18X 18
Anvil-gasket system 14.5 24.5 11 X11X11
Anvil-preformed gasket system 14.5 32.5 17X 17X 17
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Fig. 9 The optical photo of the hybrid pressure cell

T Anvilss

\_‘ —"i'/ : :'/ /
> MgO

Pyrophyllite « > Pyrophyllite

B 10 AT (0 MIEAS MO RAAE —FINERGES (D) H M — R K R 5™
(22 I, A RS
Fig. 10 (a) The hybrid pressure cell of pyrophyllite and magnesium oxide at the beginning (the left)
and the end (the right) of the pressurizing stroke; (b) Traditional pressure cell at the beginning (the left)

and the end (the right) of the pressurizing stroke?’

(a) At the beginning of the pressurizing stroke (b) At the end of the pressurizing stroke
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Fig. 11 The optical photo of the hybrid pressure cell of pyrophyllite and magnesium oxide: Pyrophyllite cubic frame

and MgQO pressure-transmitting medium at the beginning and the end of the pressurizing stroke™*
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Table 3 The results of pressure calibration for the hybrid pressure cell of pyrophyllite and magnesium oxide

and traditional pressure cell (23.5 mm truncation anvils)**

Phase Sample chamber Press load /(MN)
Calibrated
transition pressure Traditional pressure cell Traditional pressure cell
material HPCPM
type /(GPa) (unprecompressed pyrophyllie)  (precompressedpyrophyllie)
Bi 1-1 2.55 1.35 1.98 1.54
T1 -1 3.67 2.52 3.58 2.78
Ba I-1 5.50 4.70 7.28 5. 60
Bi -v 7.70 7. 64 — —
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Fig. 13 Relation of the cell pressure versus the press load™”
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Fig. 14 The sample assembly for Fig. 15 Relation of the temperature versus the heating
the hybrid pressure cell of pyrophyllite power for the heating cell assembly used in the hybrid

and magnesium oxide?* pressure cell of pyrophyllite and magnesium oxide
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Bl oy LA HATEAN F B ERE A KR Fig. 16 Schematic of two-stage (multi-stage) apparatus
AbFPs e o B A A T R R, based on two-anvil/Uniaxial press-’]
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BILER RN g 2 25 ¥ S A P il RS 3 Sk /TR A P 8 P & A 80 SR I S i R AT T F 0L IR 3 Bl e
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FEFEE A 2.5 1

Gasket

~ “® Two-stage module
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Fig. 17 The hinge-type cubic press at Sichuan University(An overview of the press frame (left) ,

schematic of two-stage apparatus based on the hinge-type cubic press (right)) MU
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Room temperature calibrations i
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Fig. 18 (a) Pressure calibration curves obtained at room temperature using the two-stage assembles based on
two-anvil/Uniaxial press at the high pressure deformation laboratory of BGI'**!; (b) Pressure calibration curves
obtained at room temperature using two-stage assembles based on the hinge-type cubic press

at the static high pressure LVP laboratory of Sichuan University !
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B L S ST HE BN 6 A — G TR A [ B — N T CE g3 R e Sy IR R . R 8 R
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3.2.2 14/8 AREFEFHBR~THMRL

20 B R T BT Y R TR | % 3 i K A% T A BT A A R L AR) R ST R 5 e R 7 7 AR AR I G B
K%, STk E®RE N2.4040.03) g/cm® ) MgO VE AL EA X 14/8 HAE B £ RS kAT T
Pedl 3T 14/8 LR IR S 7= A 0R IFE 14/8 42 AR J1 7= LE PR M2 10 GPa 2% 8] T2 13 GPa,
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20 45 T SR GERE /50 R 2. 7.2.9 F1 3.5 mm M-I B B Ay 14/8 2H B By AR TR 7 5 A0 R I 2%
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SRR AN 2. 2 A5 ATk, 2% B i RE i R S B0 B0 9% B i X8R SR N ik 22 i 4l T 7 AR R
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Fig. 19 The resistance of ZnTe wire versus the press load Fig. 20  Relation of the cell pressure versus the press load
for the 14/8 assemble using the second stage for the 14/8 assemble using the second stage
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package in the cubic press package in the cubic press

21 NI TEE N 2.9 A1 3.5 mm 1Y 14/8 HAH EF WL E . E 21 BT A, R A 5% B R
3.5 mm BE A 14/8 AWM % E D XIREH B R FHBATEE R 2.9 mm (9 14/8 3, L5
FEO /N B RCSE AT LA S g R A R T AR FRATT 8 o A B i i RST el OR FH
JE 14 GPa B i A 4 AR 1Y 14/8 L 19 FE s P2 A 1 R 1 B BR M2 10 GPa #2 = Bl T 29 13 GPa(SL 5
T e W SR RS A R AR i 0 28 6 i i 90 2 26 IO LR B o (HUR 3 Bl /N L & 38 in — % 0 R
TR LRI A JL 28, DT 5 30 S 50 2k W, 38 2 R SC I, FRATTIA S 78 14/8 4 % v %% £ 3 19 58 B
3.2mm iR Eid. NSO KA 14/8 4H%5 K 12/6 43R S50 fr R AR B B 98 M R 3.2 mm, 5K
Y W], R HBERE 14 GPa B A4 R TAER) 14/8 435 7= R R 1 L IRARMEIL R 15 GPa IR 1. A
T AR KA R T 0 2 SR R R 1) TR A1 R

(a) The gaskets with width of 2. 9 mm (b) The gaskets with width of 3.5 mm
Bl21 SN 2.9 mm Al 3.5 mm Y 14/8 41K R (1 S5 B

Fig. 21  Optical picture of cell assembly after high-pressure and high-temperature treatment""
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3.2.3 ZATREWEE_RINEN 14/8 ARWBEEENIRE

TG TOURE P R R R TR TR A R AR B RN T 7 AR ORI O R P R . SR R,
YECREE Hy N 14 GPa BBEFR & 4 9 i, 14/8 41255 (0 R T AR MEGA 2 15 GPa, A T =R H H
B R 77 N 8 FH 4 FQAE o0 19 GPa FRE & 4 g T0UER . X (it FH v Al 3 06 o & 4 — 9 AR 1) 14/8 41
BRI AR R AT TR . 3R 4 [WIBSZ 7 {2 CCRE B 2 14 F1 19 GPa 9 TR/ 14/8 2H % H b
JEW i Bi.ZnTe 1 ZnS BYAHAE K 77 54087 0 X A AAE T Hegs, WE 4 TLLE W 7E 14/8 4
%EP*FH?#MEIU% 19 GPa i J5i 45 4 — 0 WU 7™ A5 1k ) i R U] b i TSR T4 [ AE 22 14 GPa fifi 5

G TR, L HCY IR I E 12,5 GPa B SR T 4E R AE BE M 19 GPafli it & 4 g AR 14/8 41
%% i ZnTe(12. 5 GPa) & A MAS B /MBI 2R AL T 2 MN, 7= A4 R 1 BIRCRIE & T 240 45 % . 44N 2%
4 3.65 MN B, AR )35 8] 1 15. 6 GPa; Ml I 4E (AL B 14 GPa i B 4 — g0 IERAY 14/8 2%
B RINEE T3 (FRED)H 80 MPa B AR M4 #] ZnS(15. 6 GPa) (Y FH7AE i%%%%@%mﬂ%m@rgm
i U 4 — 2 T T L d R R R S AR R ) B RO (R B AT DA v R B A R A RR

R4 HREEH 19 14 GPa ZRKTNIE 14/8 HEEFFREM R ZnTe 7 ZnS 1
BT E N 550 ER I H By 33 Rz
Table 4 Pressure calibration for the 14/8 assemble using the two-stage cemented carbide anvils with

Vicker’s hardess of 19 and 14 GPal*"?

Calibrated Cell pressure Press load/(MN)
material /(GPa) Hy =14 GPa Hy =19 GPa
ZnTe 5.0 1. 05 0.09
ZnTe 9.0 1.92 1. 65
ZnTe 12.5 4.51 2. 64
ZnS 15.6 - 3.75

& 22 4 T 0l R 4E [CRE BE f 14 A1 19 GPa fiff
A 4 TR Y 14/8 4 %5 B i 4K R 01 5 A0 8 = Bl e .
BNCF . ik SR FH 7 0 1 B R A 4 — % U ] | HSlGRe
fiff 14/8 2= AR 1 EBR 2 13 GPa #2534
16 GPa, % >R FH e i B 0 i & 4 R T0UER Y 14/8 4
B 14 R 7 b 52 2 MRS 24 A oE T v A A 3 i 2
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A6 190 B 55 5 i TO0 R 2 2 78 T 78 T I 3 R — 3 4% WA F 45 S0 e X6 2R

AN IR TR L S R TR A 4 — 2 TR A F Fig. 22 Relation of the cel% pressure versus the press load
G T AR J5% 22 5 0TS 5 T ) S 5480 24k 18 for the 14/8 assemble using the second stage package
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Fig. 23 Optical picture of the two-stage cemented carbide anvils after high-pressure and high-temperature treatment

[41]

((a) Before usage;(b),(c) After high-pressure and high-temperature treatment
(With Vicker’s hardess of 14 GPa (b) and 19 GPa (¢))

3.2.4 12/6 MEAEMENIRE
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Fig. 24 Relation of the resistance of GaAs versus Fig. 25 Relation of the cell pressure versus
the press load for the 12/6 assemble using the press load for the 12/6 assemble using
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the second stage package in the cubic press
3.2.5 14/8 5 12/6 mMMAREK LI
9% 6-8 BRI kB T AR/ HOIERA R P MR 2SR O S BOE U N B R KR
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TRy BAT B BEAS A6 O Gl AN FE ) T S PR 22 ORI N ) A 55 2 . PRI RN 2 3 & A I 25, T AR
PRI A5 EAME T 18] 28 g FRATEH Y e A AR 1Y 12/6 AR A A 1A

the second stage package in the cubic press
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B 26 SRABEINIERA 14/8 iR 20 5 0 i gty
Fig. 26 The heating system of the 14/8 assemble
using the graphite as heater for

the two-stage high pressure apparatust'!]

3.2.6 14/8 512/6 MR ERKIREIRTE

K H B EL(Pt 6% Rh-Pt 30% Rh) # e {8, 53 51
XA A A5 AR A N IRER 19 14/8 IR A AT T
TR AR EE R, R 4135 3 0] 7E 15 GPa K 5
TIHEZ 1700 °C, & 29 FE 30 435K A B4
FVERAE AR R AR B 14/8 B 2h 5 i) 38 3 -3y R iy
2. BAERAVEH AT 14/8 1 12/6 Jn#idl
e TEE N IR SE L T A1 88 LR AL D A0k & WA
B SISy B I A A PR A FRAT
THIR 14/8 F112/6 I 2 AT HAE LY 15 GPa . 2300 °C
W R ) IR 2 PR B 384T . 3R 5 FIHR T AR S
= 14/8.12/6 1 10/4 LR [ BE 5 s (R /N E

i BT RE 1K B A fre i SR SR EE . 14/8 1 12/6 25 3 A I AR 2 3 A 500 o 1l 6 7 [ 7 7S T T BILAS 2 0
TYMFAA R R E SR TSSO AT AR PR T R

2200
= Qil pressure 30 MPa 1
4 Oil pressure 30 MPa at®
1800f @ Oil pressure 45 MPa .: Iy

) o2t
-~ T
€ 1400} H
] .‘[o
2 - 3o
= ] H
2 1000} T
£ =
& - e

I“.
600 agt
| 4
e
200+
0 0.4 0.8 1.2 1.6
Heating power/(kW)

K29 SRHIG S B MAAER A 14/8 N2 3 1Y
B
Fig. 29 Evolution of the cell temperature versus
heating power for the heating system of the 14/8

assemble using the graphite as heater'!)

2.5 mm

B 27 SRAHAE IAAER Y 14/8 T H 4 25 ) e [ T
Fig. 27 The heating system of the 14/8 assemble

using the molybdenum as heater for
[41]

the two-stage high pressure apparatus

‘ @6 mm

- MgO
B zo,
- Mo
[ ] sample

2.5 mm

K28 SRATEHE Gy 12/6 i g et
Fig. 28 The heating system of the 12/6 assemble
using the molybdenum as heater for

the two-stage high pressure apparatust*!]
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1800+ 4

14001

1000} =

Temperature/(K)
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200 . [ [ P R . .
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30 SRV MMEAR 1Y 14/8 finFA2H 34 1Y
- Rkt
Fig. 30  Evolution of the cell temperature versus
heating power for the heating system of the 14/8

assemble using the molybdenum as heater'')
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Table 5 The maximum sample volume, cell pressure and cell temperature for three kinds of assemble we designed™*!”

Assemble type  Diameter of the sample/(mm) The highest pressure/(GPa)  The highest temperature/(°C)

14/8 3.5 18 2300
12/6 3.0 20 2300
10/4 2.5 20 2300

4 REZRENA - RTENHF

4.1 3FHENAEEMRNERE R

TG TR AR R P T 6-8 A R AR R v 2 N FE ML) 72 A= 119 R 7 40 B R 4550 3 1 S A
W, HAimy b 5 A 4 a6 — B A 25 GPa Y, R R R A 4 IR, /\ T4 HL
FEA R AR MERE 5 25 GPa™" s Ry TR A T B R g A OG B £ R TR A £ A WA g T
i, SR B 45 22 i 4 W — 9 T /YD (A R ML) T 7 AR A BR T 4 8 24 80 GPa ™% {H K b b 4
i 4 I B RE B B PR HE A A S Bt DR I AR A L PN S s R R ) . S T A 2 A A WA G T
7 T R Y R RIS G AR, R A AT A e 4 A W g TR, R ATTR B A O i T
Bl AT Tl R TR 3 FaWlaZ G E: &NIA-SIC &M B Ak E & WA-TiC Z46
BHR 4 WL -BE A & 2 A MR RG R A RS RA-4RA BEEA) . BRI & N 3 fié
NIfT 5 A R AL TOUL 25 48 8 B R S M B AT T 0 b #E A G 3 B & NG B A R R R 3 T T A
TR TR A B AR R R . R SUIKRIR AR 3 Fh e NI R AR R A RS A
4.1.1 £RIA-SICEAMBHEE

S NIFA-SIC A MR SIS 7R A SEE 28 (9 6 X 2500 ¢ A T T EHL FHEAT . S280 %) 05 b k6 FH RS
b 4 WA Ry (4~8 oy JT 43 B0 85 %6) T St Ry AR (1~5 pm, R4 40CR 15%0) . TRA M AR R AR
BALTIR 2 h 5 FEBREERE A NIk 2 Bk 3% 8 h(BERR A Fi o WO , R ELas b, FUT 2, w5 s
g RN TR E IR A R ST E B 5. 5 GPa. B T 2035 E IR IS AR 300 s, B H B = IR
JE . Begs RS N B A 27 mm BB EE,

X AR 52 B AR AT T A S SR BT L TR 31 v U v SR B 4 15 B Y 4 WA -SIC A R R
i BER . M 31 mT LA YRR S R 45 2 S0 3 50, 4 WA OR8240 A AE R SIC SE b, il F SiC
HLA 5 TR A R P 2 i AR B A BB A I -SIiC B A M BB R — 1 L

(a) SEM backscattered electron image (b) SEM secondary electron image

31 iR R PR A A5 B 1 4 M A -SiC B A ARy 16 e e (R oY)
Fig. 31 SEM images of the diamond-SiC composites obtained at 5.5 GPa and 1450 °C**

4.1.2 MAXEHENA-TICEAMBHHEE

P T A0 S 08 A 58 WA L 2 SRR A — A e A Y SR R ST (— R LT 40K L TE AN R R
FE IR IR B T 4 S 300~502%0 . DAGAOK Tiy SiC, 5 W HOK 4 WA TR A 8 K b 91 46 ikt
I v s R LA ) B R T R T R R B BT 2 TR B A BT AN K 5 4 WA - TiC R A A
G R
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YK S5 A NI -TIC 5 A MBS 25 520 7E 6 X800 t 75 I 0 R AL b HE4T . 256 M4 Rk ik FH il 4 W
LRy (0~1 pem, JBE R 4355 90 %) A E I R AR A 20 nm 1Y T, SIC, By R (B 4088 10 %) . IR S8 AR H]
REHLTIR 2 h J5  FEBRERE ch s N oK Bk BE 4 hEBRA BT WO , & B8 HE T, 9 i 0, B
AR AR E RS TR E S TR E] 5.5 GPa, fRIRETHE B 2 IRE S MR IR 300 s, B H) 2= R
JE. BEEEMRES I AR 11 mm A9 BRIAE

32 Rpbedl i i oK 254 & WA -TiC EA AR kB F R E SR A . K 32 s LA 5%
SERE R ST L A WA R Y ) 3 A 2 DR S Ok BRI S R b . i TIC A Sk HE & ¢
ARk PN A 2 1 AR BT DG B AR K S R A WA -TiC B A MR B — s i S i

-

(a) Cross section (b) Polished surface

B 32 (il v R 45 15 2 A0 94 K 25 H) & W A1 -TiC &AM RE B 0 L 7 R s B AR
Fig. 32 SEM images of the diamond-TiC composites obtained at 5.5 GPa and 1450 ‘C*

4.1.3 2RIA-BREESESHRING &

K H Co B Ni by fil 5, 76 35 i = 5 T o] & il 4 WA -4 WA 4 8 (DD D i 2 b & WA, B
HAFE KRB DD 84, B2 A T 8 0 58 B R B . S RG- R A &' A (ERIEEA K
WA -4 AT B A BRAE SLIRAE 6 X 2500 t AT TUEHL B oEAT . S2I6 AR 0k FH R Mk 4 KA 6ok
(8~12 pm, BTt 7381 88 Y0) Ml Co MR (1 pm, Fi g /4K 1220 . IRAG M AR FREHLTIR 2 h 5, fE Bk
FEFPERINTC K CBEEREE 8 h(BEBRA B WO, & H AT K D30 mm X 10 mm 1 4 NIl 43 /4 #y A J2 13
JETE D30 mmX 13 mm MRE TG 4 5605 [, bl Bl e e IR 41 T R 1 T 8 5. 5 GPa, SR )5
T B T R B0 T TR S ORI 300 s, R ENBIE R R EIE . BEAS ORE S O AR L 30 mm R

Bl 33 Rheds s Nl A -G 42 G MRS B AR sEg . B 33 ERIA-EREG 4856
ORHE WA B 33(h) Nl A-ME & a8 A MEERNAZ SR A SRR s G, IE 33 )
DL R e 4 2 S35 50 B2 A R R G WA 2 vh 4 WA TR 5 4 WA B0k Z (B0 B8 T 4 WA 5 4 A
BAEEEA . MK 33D AT LLE 8 A 42 2> WC M Co 7 iR s R R4S 20 F IR B T 4R
A2 A SRS SRA R EENEEE—E. 550, &NIAJETI Co ¥5) 1o fi 78 4 NI A Uk
Z I IR R, T4 )8 Co HA B9 3 i 1 ELTE 52 A 4Rk Do 30 32 432 1 19X DR 0 45 ol 19 4 ) Ay -
TG A B A MR B B S i

LN R 8 &
L A A
S L“t N

¥ [ S\ & e LU 3
TM3000 N D5.9X1.5K 50 um TM3000 N D6.0X2.5K 30 um

(a) The diamond layer (b) The cemented carbide layer

e 33T R 00 B A b OB T
Fig. 33 SEM images of the diamond-cemented carbide composites obtained at 5.5 GPa and 1450 C*
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4.1.4 3HMENAEEHHNEESSBEMENK
SR H1 4 WA 52 G B RE I — 9 TOURE L R 1 28 B4 v 1O S T B 1A R AP Sk . LY B
1 3 Fl 4 WA 52 A AR RE R 5 Sl Mgk f7 T,
W Bedl i () 3 Fh 22 fh & WA B A BHRHEE S 10 T2 peme B 42 KA BFF B 85 26 406 AL L 43 0 kA 7 KL
IV A 22 5 5 2 1T A B THT 5 SR 5 X R i R AT A R A B R Y I A
i FUTURE-TECH (Japan) 4= 8 FV-700 7 4 [CHE B2 H0 & 3 Fh 4 WA 55 A A0k A B, A
BT R Sk 81 4 P 3T 0 & WA, S48 0 — g B, R Sk e AR 4, 0 2 % BRI I R AR 0 M4 ]
M d, K d, A dy, MBEARTEBE @ i AR5 S 4 R (Hy)
Hy = 1.854F/d’ €D
K d N IR B G 255 MR G RS M (um) W F R INERE 7 (ND . 3l o 71 5045 B0 BE 19 4 1G5 B
Hy (GP)™ | B EEAEBUINEL Ky 5 kg B A0 5 8, RSk gk it 18] 54 15 s,
SR 3 FH 200 55 45 o 1 F BEL A CERDRG B2 A8, LR Ak B0 BT 000 R 5t 1 P BEL 288, 9K i AR 0 B o 19 52
ol A T AR B A R A i B R
p=RS/L (5)
o AR Y HL B A R SRR i 0 FR BEL(EL L L AR B JEE R L S A i A R R T AR
%6 FIH T AR 3 Fh & NI R AR ORH S Bk B RE R K R BH R, & 6 nT A, A A A K -
WA &R AR & NG 208 A 3] 55 GPa, @ T H B WA M B & RWIG-1E5A 4 2 A M2 R
A )Z R BHAR L 0,009 Q « m, /N TR AR, PBUAES R 3 & NIA & 66k, SR A-
5 4 52 B R RE A A R T
*6 3FMENEEE B S RGP R Tk AE R B BE R

Table 6 The medium grain size, Vicker’s hardness. resistivity of the there kinds of diamond composites'>*]

Materials type Medium grain size/ (pm) Vicker’s hardness/ (GPa)  Specific resistance/(Q + m)
Diamond-SiC composites 5 38 0.982
Nanostructured diamond-TiC composites 1 45 0.377
Diamond-cemented carbide composites 10 55 0.009

4.2 ZHEERA-ERAEE/RZRMEMNIZIT
4.2.1 ZH(RR)ERKEEHFRE

5 & WA il AR — A 1100 AT e o o Jon 280 AN [ /AT AR T Jis 7 2878 3 4 A L 3 B Y
S B RE AT B A CAhn ) o BARE B0 R .l TR g B X BRI TG A 3 A L IE AT T
B2 31 Bl 5E A AR R L DR T A D RO /AR e i RS — AN I b a2 s . S A R R
TR WA B BIER R BLIR] 1 L B AR R s 34 R TR . R
J i — 4> ThT A9 52 7195 B0 55 4 WA TRl 45 T8 89 32 0 A B0 € () R LS o 20 B 4 WA TRl 5 T 89 52 071
B Z G\ HHA R e — P A 32 3 00 . B 35 4 WA R Il P9 1 R g 45 5 T 31 s 9 B B8 22 )
MICZ . P 35 ATAL ARSI T — 5 I . 4 W 5 T FP s B T A R DA HR s W AR i T A S o s g
AR/ o H T\ AR TR e — - T 9 32 3 1 B2 TR T 6 WA TRl 65 T B9 52 016 B0, B LRI AR 45 <6 W1
A1 TRl T b AR g a3 A BB R IE RN R R GE . (BT R R A 2 R G W R &
GEih . HURE 2O TR R ST T TR R VT R R 0 B R AL b A BT A2 T g e RO B Sy AT R 32 R TR
S ORE 3 B v 55 J3E e 45 22 < W R 8 0 I v o 25 ) A5 UG #5752 3 A EE I v s R
P/ N H T TR 32 T 0N T LR P R AR A A 5T 4 A R
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48F Anvil table: @100 pm
L %
& L
S 32f
‘5 L
2 oaf /
ST,
= 16} %
[}
2 8: ’f \
K O\.O\.OTO.
-32-24-16 -8 0 8 16 24 32
34 HIUEJE R — A 32 J1 T 0 A A A Radialposition/(pm)
(o € 55 2% 0 A 22 91 4 0 46 0D 35 4 R R R I O 05 4
Fig. 34 The simplified model of a plane of FhL 14 E B = A e &80
the two-stage high-pressure cell"*] CF F 4 et 280
(The dotted red line represents the contour of Fig. 35 The pressure distribution in the diamond anvil cell
the gaskets after high pressure) (On the anvil table)®-"]

4.2.2 RIABERAEEER _HMENIRIT

W R TR (G WA-BE A &2 A R Wt 2, LR MRS NA 2GR EE L),
TERE A S E (B .OB . B 36 R FRATE 0 37 J7 K 4 WA -8 ST 4 5 A TR L X
SR X R TOUAR 20 35 1) —HEIE RGN R A, 8 A G T AR 5 AH 5C 41 2% {1 41 3 ol — R JE R Guht £
P 4 A )2 3 A0 s s (R AL o PR G 22 i 4 I TOUAE 1 FH o o] — R ks PR A | T 50 GPa IR T
B B ) BB ASE Sy R AT A R B G 4 L A R R R R BT S B )R R A2 B R 1IN, H AT S 4 WA -l
Fi A 42 A R TR 4 NI A 2 A T & S

18 mm

(a) The diamond-cemented carbide two-stage anvil (b) The two-stage high-pressure cell

B 36 SEh R RIA-TER A48 A TR (a) B AR U Al TR 21 35 (9 — 90 i R SR i () )

Fig. 36 The schematic of the diamond-cemented carbide two-stage anvil and the two-stage high-pressure cell
4.2.3 RPN A-EREEESZHAMENMT

B B ESAMET  R A 6X2500 t JEALEE 10 mm 594 NI /48 KR BE457E & 13 mm ARl
Ji A 3R L A8 B AR 30 mm. & 23 mm A9 AR 4R K BT AR A A i TR 18, 2 mm X 18, 2 mm X
18. 2 mmSE R EB I ARG ST R B 18 mm X 18 mm X 18 mm WIS I R & & ThkE; & )5
W 7 7 R TOURE 4 WA 2 R A 4 A (O LA D BT K 3.0 80 1. 5 mm W IE = AIEHA .

Z e RA-E A 22 A R TR LU T (D) 381K 22 0 4 NI 2 be 25 368 i A 4 31k
B AT R A RS B R Y R TR L A 4 I R TR 5K — RS M 14 mm P T AR S 3
fd 4 WA -G & A R TR K R 18 mm; (2) B B4 4 £ 8 4 WA TE 25 5 hn T, B A
T AR THERE ; (3) £ Fh & NIA -8 5 A 4 52 A 9 00R 1 BA I I T 2 & 4 WA TAE

5 RARGEZEENAE_RNEMERZNENRE

501 RARSEZRERNA_RTEMEREHRT
T TR AR AT CTRURE A 1D B R/ B DRE T SO R G N AR TR B RRDY . 2 T

L8]
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Th R 4 T34 K 1.5 mm BF, 40K AT 72 A2 5 T 80 GPa [ TR 779720 (X b IR i 28 45 (0 B & B AR
AN B2 500 pm, BT R RIS, S S508 0K P9 A7 A2 AR R A I8 88 55 1 T 6 B DR AR FH 8 0T B X &
BURE S HEAT AR, — T 5 X 5 4R (R 25 4 S B AR AH 45 A X b R A7 JEL S0 08 e

N T AR R E R AR R B SCE R B (29 1 mm) A AR T TR AR K 2 1.5 mm
(5.5/1.5 %) 3. 0 mm(8/3 B W kAL %e . B 37 S FRATTBE T Y = 9 T e e 1 30 4 49 991 oy
1.5 1 3.0 mm M MRS . 78 R ERER T K R 1.5 mm B R4 R LK
4 5.5 mm MY IE NI AR MgO VB R A& oA s 78— 9% Tl 4 1 70 K 0 3. 0 mm A9 4% 0 e 21 2% L ok
KA 8 mm AYIE N R MgO 15 N4 A 5 BE b 41 2% B BE 5 I AR B KTk %) 1.5 mm, I F&A]
BV SR & WA -0 i & & 2 A TR 8/3 A 2% vl LU A & F 30 GPa WY 77, 24 R FH = % Tk ik 1
KA 1.5 mm(5.5/1. 5 3 1 R4 3 0, AR o] LUK 50 GPa DA B, )48 5256 1
FEHEAT
WC/laver

Diamond laver

(a) 1.5 mm (5.5/1.5 assemble) (b) 3.0 mm (8/3 assemble)

B 37 R T0URAR T 4 1.5 A1 3. 0 mm AY TGN i 41 2 s
Fig. 37  The optical photo of the two-stage anvil cell (5.5/1.5 assemble and 8/3 assemble) using
the diamond-cemented carbide composites as the anvil material™®

5.2 RARGESRENAZAMESAEESENIE
5201 RERAERA-ERAEEATENS.5/1.5 AEEEESNZE 35 GPa

KR A 4 — 9 TR (4 FQ A — AN M 25 GPa)  NTHR R AL ™= 28 (19 R S AR ME#E 3 25 GPa.
HT T TR A1 Rk Y BR L R Y 90 6-8 YR A v ke B AR Y ) EBR Y 20 GPa, 7E—E R
297 [ R AR T R MO DGR TR S . o TR T 9% 6-8 B IR A AR R O b
B, FRATOEH T —Fh 2 & G R -0 BT & 4 26 TUER 3L 22 4 4 WA )23 00 4 QRS B2 5K 3] T 55 GPa, 2928
B 55 4 — G TOURR B BE A PRI . SR T IX D 22 W 4 WA -1 B 4 52 TOURE (5. 5/1. 5 ) AT 17 4
o g P P SR PR AR R AR B T 35 GPa, Al R T 7 B XN T T HLRY 2R Y O R e A
JE 7 EBRAN 20 GPa $2 5 3 T 35 GPa, #1117 [ A R Jis A i e e 30 AR B9 6 07 7= AR S L

A T ZMmENA-RAEEE AR 5. 5/1.5 “RERMAR SR, LBhEd Zr 19
B — A S (a—w. 7. 96 GPa) FIEE “ANHIZE 5 (w— B, 34. 5 GPa) ™ i 5 KR 1 5 40350 m 4% i ¢
o JEJIbRE AY HL I WL SCHR(28 ]

e
I:>-%l:‘>
| \

Pl 38 R 4 WA BE A 4 B2 A TR A 5. 5/1. 5 UK IR A 2 8 o P2t
Fig. 38 The process of the fitting of the two-stage anvil cell (5.5/1.5 assemble) using

el N

the diamond-cemented carbide composites as the anvil material ®
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Kl 39 R4S YR FH 4 NI A -6 T 6 4 52 A T A
B 5.5/1.5 AP AR Rt Zr LAY BR 4L 5
ANEROM A O R, m B 39w DLW R B Zr
7.96 GPalk )] N & A B 5 — > AH AR CRBH 28 4% )
PLRAE 34. 5 GPa B A 055 A AHAR | Bt X 0L ) 20
T4y 51k 0. 32 F1 1. 65 MN,  3#F— 25 38 hin &1 35
B ERE SN s, HERHE A Z MEN
ARPGEREBA AR 135 8] 50 GPa DL L,
52,2 XAZRENA-BRELSESTNERN 8/3

BEHENIRE

X R 4 M0 A 4 0 A TIRR 1) 8/3 4 1Y
W 1047 T hs . R Sibre L Lk 17 8 Ik,
8 WKL SR RN T Zr WIS —ANHAIZE A AR SR
FREAE T T . BRI A KR 2H 2 b if AT WL B
Zr B9 SRS 85 (34,5 GPa), 7 3 T X R
NG A 4 A TR 8/3 A28 1T IR J1hs

0.74. -
N / Zr o-w,7.96 GPa
0.70} -
@ L
S 0.66f
) ] Zr o-PB,34.5 GPa
<
Z 0.62} /
s . 4
= AT
0.58} X
0 = 0 T 12 18
Press load/(MN)
Bl 39 5.5/1.5 4125 (4 NIl -8 B 4 4 AR P b

W) Zr BRL (Y H BELAS £6 55 41 m 2k i 06 R
Fig. 39 Relation of the resistance of Zr versus
the press load for the two-stage anvil cell
(5.5/1.5 assemble) using the diamond-cemented carbide

composites as the anvil material®

S E oL . 40 Firzi ok < WA - B B < 52 4 O ) 8/3 2128 48 v TR S I ) S 1A

®7 WMRAESNEBEREESESTER 8/3 A%
HATEARERERE R
Table 7 The instances of occurring blow-out for
the two-stage anvil cell (8/3assemble) using
the diamond-cemented carbide composites

as the anvil material after high pressurel*¢

Assemble Calibrated Press load of D Experiment
type material  blow-out/ (NM) /(GPa)
8/3(Diamond) Zr 0.125 7.96(a—w)
Vo L LSOOy amessesssnsmsy
§/3(Diamond)  Zr 0.125  7.96(a—w) 8/3 LA L G RSB0 5 Y S P
8/3(Diamond) 7r 0. 140 7.96(a—w) Fig. 40  The optical photo of the two-stage anvil cell
8/3(Diamond) 7r 0.130 7.96(a—w) (8/3 assemble) using the diamond-cemented
8/3(Diamond) Zr 0.125 7.96(a—w) carbide composites as the anvil material
8/3(Diamond) Zr 0.135 7.96(a—w) after high pressure™’
o B Kl 41 ﬁ%ﬁﬁlﬁ@%ﬁﬁiﬁﬂﬂﬁ*@ﬁﬁ%é
- AR 8/3 4% bR ROV Zr S
I ST Fe L L7 5 50 R R 5 B W 41
S FF7 » AN IR 29 S 5 MN i, SRZE 3] T Zr
8 0.0} 1E 7. 96 GPa A B 5 — A AR CHg B R 722
2 B KL R B RGBS K
& o) AT /3 2115 0 FR TR 7 K ) O RO% A
0.62} 1B BRI 24 S0 a5 50 24 1. 63 MPa B,
02 06 10 14 18 %2 A UL DA 5 0 0 R DK
e o FIURTE A W58 5] Zr 55 = A 8 A
P41 8/3 1% (4 - B8 2 4 TR o LR 7 (34.5 GPa) , BLIE7EBGHE S50 412 - LLisi/
HC AL (1 F BELR Ak 55 A0 3 0 06 R B TUAS 393 AT B 9 R T 4 WA -
Fig. 41 Relation of the resistance of Zr versus the press load for WEAS4eESTER 8/3 AL DIy 4w

the two-stage anvil cell (8/3 assemble) using

T30 GPa 415 47+ 24 2R Fil = 4% T e e 1 0

the diamond-cemented carbide composites as the anvil material**

KK 1.5 mm B & 4H 2E BT, AR &
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S LLIAR] 50 GPa L |,
6 FEENREASEENEENZE

6.1 EhEEENENHEEIT

I 0 R Mg O 2 R s R i w8 e B A o ol P 5 ) 92 %) R R A% A I A% A I R A9 e T (g ) 43
AR S I ARG 2E T B RAERE b B A BT R Z S5, KW LR I 2058 800 T8 @ % A ™
A 7 B a0 1T R A T ML s 7 A A R b BR T 6 T AE R A S5 R R 7 4 AT IR B B F 5 U
o T I A I A R Mg O R AL R A T 8 R R L ST T I R T R ) R ) R e
P I o AR R A0 A T S AR A A S5 X R B A9 A T) A7 2 ) B 0 ) — o S 0 J5 A o R il A [ o7
B AR ARG O CRL B 278 ) o o 0 S R B A A MgO A% TR A B X AR A A R RS L 1R 42 TR
RN T IO LAY 3 — R s R 4t

— 2 R &R S8 SL 7 AR R A R A R R
MgO 4l 99. 5% % 2. 72 g/em® , H AP IE 4
J& A BR 28 ) T i A OB 2 2. 65 g/em’, b
WSk & A B8O 4%/ Na, Sio, , H, O 1
SR 4 0D e R B R A E 300 °C ML B
12h, N HE R 4 b S iR G KA R KR
32. 5 mm, B 5T A 4 — 2% 0GR A FH i CTO0 R A T ) 7Y

A K28, 5 mm . K T R A FE A R 0 ) B 42 ANEDESLE—SERER LR RE
BB E 085 775 MgO S5 f B T 3 9 4 LA (MG (0) MTEEER) -

Fig. 42 High-pressure cell in large volume cubic press

T APl 43 B o i D) CAR 22 R 1 45 P 90 B (B (Pressure medium at the beginning (a)
T1 8 Ba) T & 78 15 57 5 14 A Fi A Jo %0 B3l A9 AR and at the end (b) of the pressurizing stroke ™

e s v B 2 1 A4 rh G B AT 9 (0. 01 mm B AN
P2 5 B A o O A R S < DR 5 TR HLAE R 4 25 Al i R A0 Y UL BT 43, FESEB T I E O
R R b 5 v B BT G H AL, T A5 A TR AR 5 R e BiL T B Ba B L BHARAE
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Fig. 44 Schematic illustration of the cell assembly used for verifying the distribution of the pressure gradient

along axis of symmetry of the cubes is uniform in the large volume cubic apparatus-?*

6.2 MEAENBENEENE

i it 42 J& Bi £E 2. 55 GPa . T1 £ 3. 67 GPa #il Ba
TE 5.5 GPa {155 AR AE (L B2 78 5070, Xof - s 47 £ mmm.wm%: T1,3.67 GPa
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1Ak T 0 B T 22 B R e A
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SEITRAR A RS Bk Al 1) 2 T P RO AN () o Biress load/(MI),
AL )y 3 Sl MBS0 J L AP SRS a7 g 0 i 2 T
AN 3 VR0 F 0 i e 8 DS e
X ) — o P A A A S A B SR AT D B A Fig. 45 The resistances of two Tl wires at various
F W o 5T T M0 R T ) 5 R A AR 5 S A positions versus the press load for the pyrophyllite
JE 3 By 3E a’f?}?fl\ﬁﬁ}%% N A ] S50 AH [R) 39 B R 4 pressure-transmitting medium %]
JoT A A7 ) A0 48 2 2% Bl 22 3 R, SR WAL TR A
BT S B A 6189 T s R A s 3 ) 8 A0 T 34 0

% 8 Bi.TI.Ba ifi 3z /7 i A 5 & A B3 ARG A R B PO A0 4K O TR B i B A48 35 E 77 5 40 36 m 2 g 3¢ Bz 102

[22]

Table 8 Pressure calibration for the pyrophyllite pressure-transmitting medium

Press load/ (MN)
On the face At the center

Calibrated material Phase transition type Sample chamber pressure/(GPa)

Bi I-1 2.55 1.62 1.98
Tl -1 3.67 2.97 3.58
Ba I-1 5.50 5. 38 7.28

K 46 it i A TR BRI TR ) S AR E M & . th & 46 AT 7EAH R AN4F o o #84 £5 R4

I T SR (SNSRI RN NG Y U DRSPS e P =31 A P 9| = L B LT 1 O € E 1 1= R
I T N A I B B AT AR SR

G=(pr—p) /L (6)
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Fig. 46 Relation of the cell pressure versus Fig. 47  Relation of the pressure gradient along axis
the press load for the pyrophyllite of symmetry of the pyrophyllite cube versus cell

]
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Table 9 Pressure calibration for the MgO pressure-transmitting medium®

Press load/(MN)

Calibrated material Phase transition type Sample chamber pressure/(GPa)
On the face At the center
Bi I-1 2.55 0.75 1. 36
T1 -1 3.67 1. 40 2.69
Ba I-1 5.50 2.94 4.70
Bi -V 7.70 5.11 7.64
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Development of Large Volume-High Static Pressure Techniques
Based on the Hinge-Type Cubic Presses

WANG Hai-Kuo'?, HE Duan-Wei' , XU Chao', GUAN Jun-Wei',
WANG Wen-Dan',KOU Zi-Li' ,PENG Fang'

(1. Institute o f Atomic and Molecular Physics ,Sichuan University ,Chengdu 610065 ,China;
2.School of Materials Science and Engineering - Henan University of Technology s
Zhengzhou 450001 ,China)

Abstract: The large volume press (LVP) become more and more popular with the scientific and techno-
logical workers in the high pressure area,because it could generate relatively higher pressure,provide
better hydrostatic pressure and could be utilized in conjunction with in situ X-ray diffraction,neutron
diffraction and ultrasonic measurement. There have been generally two LVP techniques to generate
high-pressure: the double-anvil apparatus and the multi-anvil apparatus (MAA). Hinge-type cubic
presses,as the main apparatus in china, have been widely used in the fields of both scientific research
and diamond industry. However, for a long time past, the maximum pressure using the conventional
one-stage anvil system for hinge-type cubic press is about 6 GPa,and the techniques about two-stage
apparatus (octahedral press) that could generate pressure exceed 20 GPa is blank in our country. To a
certain extent, the backwardness of the LVP technology in china restricts the development of high
pressure science and related subjects. In recent years, we designed two kinds of one-stage high pressure
apparatus and the two-stage apparatus based on hinge-type cubic-anvil press, the one-stage high pres-
sure apparatus and the two-stage apparatus using cemented carbide as anvils could generate pressures
up to about 9 GPa and 20 GPa respectively. This article mainly reviews the mechanics structure, design
of cell assembly,pressure and temperature calibration,design and preparation of the sintered diamond
anvils and pressure calibration to 35 GPa using sintered diamond as two-stage anvils about the one-
stage high pressure apparatus and the two-stage apparatus designed in our laboratory.

Key words: hinge-type cubic press;single-stage pressure cell; two-stage pressure cell;sintered diamond

anvils;control system;pressure medium;pressure gradients
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