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Table 1. Main parameters of the subsystems deployed by High-Temﬁa
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Fig.1 Experimental hall of the synergetic extreme conditien use

Research System and the multi ny /pr€s's

d High-Pressure Large-Volume Materials

Subsystem Name

Equipment Name

' §
mmiols and Features

State

Solid environment

20000 t Belt-type apparatus

a, V< 10mm3, T < 2500 K, Solid

P< 20 Bf/ 1000 mm?, T < 2500 K, Solid
condition, cylindrical chamber

) 3000 t Kawai press ]
high pressure and condition, octahedral chamber
. Solid condition
high temperature P <23GPa, V< 10mm?, T < 2500 K,
] 1000 t DIA press
station (SEHPHT) ‘,\octahedral chamber
. P <28GPa, V< 10 mm3, T < 2500 K,
1000 t Kawai p:
. octahedral chamber

Liquid environment

Liter V(y{

P < 600 MPa, V < 1 L, condition, cylindrical

chamber

high-temperature P < 0.5GPa, V < 100 mL, T < 800 K, Liquid Liquid
and high-pressure & condition, cylindrical chamber condition
station (LEHP "\ P < 1.8GPa, V<10 uL, T < 1000 K, Liquid
icroliter volume press - o
y B condition, cylindrical chamber
V4 T
“9/\ . . 102 GPain20ms, V< 10 mm3, T < 1600 K, Temporal
o Rapid compression press o o
Non-equilibrium Temporal nonequilibrium, octahedral chamber nonequilibrium
High-Pressure 8 GPa with shear deformation, V <X 10 mm3, Spatial
station (NHP) D-DIA press Spatial nonequilibrium, T < 1600 K, cubic nonequilibrium

chamber
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Table 2 Technical specification of Belt-type high-pressure and high-temperature apparatus

Apparatus Pressure Temperature Cha?@ Nume

\\\

2 JimidESy, MG
R o v R B L
HAFNIBITIN /7. i

20000 ton Belt-type apparatus <20 GPa <2500 K
1.1.2 3 s5iRit
KR 1L 4 FIFRGEIZEM), FHIE4E 2061 mm, A LAYE 60 MP
*%ﬁﬁﬁmmf%ﬁ*,mm%%ﬁmﬁﬁﬂﬁmTémwmm\
Eo KH A ARRLEREZE BRI S = REHEAR, i
% 5S4 kW IR G, A 24 V/2250 A 150 V/1080 A

Bl 22 FiEHLEM, (2) IET, (b) M
Fig. 2 20000 ton press main body, (a) Front view, (b) Side view
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MRS FHAR PRI A 2E ARG TALAE . WUR R IT. s oo, RS R, &R RSEH
s\ TR e S Jf8 A B 58 433 HT 3000 W Kawai #528t. 1000 M Kawai FHURT 1000 i DIA AR AL
AITEZ KRR B SET 28 GPay 300-2500K IR 25 11« KM AT 5 Bl s A Jo A 3% FL FH AR AL,
FroE iR 71, {0 22.5~34.5GPa X [AJE/D &3 br, 1 50% MgSiOs-50%A1,05 (EnsoCorsg) il
R N AT AR AR A, HLAE 27 GPa LA EASERHT 2549 MgSiO; AR ALO; & &k & /17t i
Hhn. #EUHRH LA EnsgCorsg /E 4 28 GPa HehnlAl#EbRE ik K T e R E MUEFR T8 6.0~22.5
GPa K JEAzE, TUE M IE-IS R E IR IE 2R, HEST 28 GPa XM &, FF7E 1% . 2000 K 244
NI EnsoCorso sl iR RS04, 4hahi2 . H s, BRI RS ALO; IR, K
SEVR IR A SE BRI AR R 7
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Fig. 3 (a)3000 ton Kawai-type high-pressure apparatus, (b) Kawai -type high press
tungsten carbide secondary pressing anvi
1.2.1 EZHEH AL
TR 2-6-8 TR )\ T A Js Js vl e 1 7 A 2 B T RS
x=3 SRE 2-6-8 B/ \HFERESRSESER BRI

Table 3 Technical specification of High-Pressure and High-Tempera

r"Zneﬁ'(ion Device with a High-Precision 2-6-8
Type Octahedral Wha er

Apparatus Pressure Werature Chamber volume
. - N
3000 ton Kawai press <2M/ "Y <2500 K <10 mm?
1000 ton Kawai press < ng{a\( <2500 K <10 mm3
1000 ton DIA press <23GPa <2500 K <10 mm?

1.2.2 E¥skikt
~q 3000 i Kawai JEHL (5 CTF-KT3000P-V018) , X
79100 mm, —%& 1000 I Kawai EHL (A5 CTF-KT1000P-

VO018) , KM 0-70 MPa % ‘ FJERTHEN 70 mm, KRR UAEH 32 mm A1 25.4 mm
ISR RE,  —Zonaf L GPa %1, B—% 1000 Ifi DIA #IJEHL (FIE CTF-

K HR T TR, AT 25.4 mm K ) S RBRALES AL, S AR
JEWUAIECA itk RN R, A e AR AT ASEEL 2500 K LB
JE JEAT H 2 A0 R S

Wim s SEI F R s B S0 45

DT1000P-V018) FiA,50
JIATLALE] 23 GP:
&JE . AT LT

1.3 ElMFIR Z%')
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rem e T AR, i - B R VRS e T A e B A G A R S R T . RGER
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WORRAE SRV A RS2 5. AR S T2 BRI sm 2 M N OT A RLRL 2. AL s A dr il o
SR FE A K I
2.1 R ES RS ERIRFGETFREEERARIERR
LEHPHT ¥ &4t it i [ A e B 45, TR0 KRR m s B E . A2 TH0RiA &

Tk v A 2 BT OB ZE I TGS R AR e L, EEHERIBIR IR 4 on. =63 E
Y] DAAEAZ AT 1 AR AR o 5 P e T oo TR VB A i AT TR 2 . 9O G I &
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Table 4. Main Technical Specifications of the LEHPHT

Apparatus Sample chamber Pressure Temperature

volume

Liter volume liquid environment “large-

volume static high pressure apparatus” =L SR
Hundred milliliter volume liquid
environment "ultra high temperature and <100 mL <500 MPa <800 K
static high pressure apparatus "
Microliter volume liquid environment
"piston cylinder liquid high pressure <10 pL, <1.8GPa <1000 K

apparatus”

22 RAEMESRSERIRSEETTREIRT

WHEA R RLE BARFE PR, LA R = A e B = A 1 R I R A B s R s &+
FRG8y N e e A B R A G R A R G Ay, GBI S B IR, RERE S KAk
RSB i P vt FEE R s 77 s, DA Ry i i e 26 1F R B AL 22 & . BR B dert 54/ R
221 RIS Z8 5/ ARE

TR AR IS5 v UL 1 e AR g 2% A S0 F 22 8 1) v U o T 77 A 2 B A T AR K AR A v e = AR 2
B E =TGR il w2 BN O i R R S s R AR AR E, WKl (Sa-c).

T AR R AR AR B vy P M 2 B LA S RN IL FE S, B =T PORAAE & i & R
ARE DR R RS 100 mL MFESIE. WERESRAAMEINETT L, FHRSERNTE
o IR A ECTRATIN ., G e R i R SR A B R A NS, ORI AR
e P AR 25 AT == A A e i v T e AR ke B A il T LSRR R A 600 MPa. R A 500
MPa U | WSR3, FE £l MPa. #F—23, 2T J0AHE iR s ke A S
(PO T 75 4 PN S AR B, REBETE MNFOIRAS IR RE it s b AT I B ek, S PR FE M= T 3 800
K o A e Ry, REERSFE N4l Ko UMbk, S T R4S R S R A N AR S B AR S ARk
FE, RS AAME R E A TR A E O, i 5o R iE R, v DR B IS AT I i R R R
I SR A T ST ol s P 1 S 2

T A 17 2 (B T AS e T P AR e BB B RSB 10 uL (FE i s o 2 Bl o 138 o
JE 7 AONFE s SRR 7, AR A B I8 AR RS T R S 15 2, T SEEL R R T
1.8 GPa. FF&h I AIR B INARE R Py B A B SeBl, alEk T IR ZE 1000 K J6 Bl Y AT 3 A 5 n
B, PRKE AL Ko FNRERA EFTHEMREE D, Bl 5 EAGEHIE RS, %
TEISAT IS 2 H S b s P s L v s YR 1 D 7 Y 2 o
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THI A ZE 15 o VA v J
Fig. 5 The high-temperature and high-pressure generationndevice for LEHPHT. (a) Hundred milliliter volume liquid
environment "ultra high temperature and static high pressure apparatus ", (b) Microliter volume liquid environment "piston
cylinder liquid high pressure apparatus", (c) Liter volume liquid environment “large-volume static high pressure apparatus”
222 RAZKIEFNE %

JEUE G 27 B R A A

TGV IR BIRE s

T,
%%&m%%sﬂf BRI BB, AR IS AN AT LU L KER 2 AR 20

TR K wJ 1 MHz-80 MHz JikH A B AU SR dh 1) 9675 e AR /BRSO
AR R 4¥ﬁ%ﬁﬁ5%ﬁﬁﬁﬁiﬁﬁﬁ%,MWi%%ﬁ%E%ﬁT%E&%%%%
19675 i DN S

BEAh, Oy 1t B AL R R BRI VE R R, ARG 2B P SRR A LD AR IO
JE A2 2R AR AT IR SO R & D fE -
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jest

Fig. 6 In-situ spectroscopy measurement system for LEHPHT, including transient fluorescence s eter, laser Raman

spectrometer, inverted fluorescence microscope and other i
23 BAEMESESERRFHEE FRGHBLNLER
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AE V-7 v s A S 26 1 S 96 7 AR GEIC 2 T ST Al T AR A AR T P2 T AR ) e R SRR,
BTS2 N BRI PIRES . BTN S AL B 25 5 i 2 I A 21X 1) PAY F 45 A A )
Pt . ZARG AT FEIASEE . R NPIRES SKMBOER, MRS AN 2
R 25 AR RO SRR ST vl R IR PN T AR i R AR TR 2 ER B S LA

ZL T R AR MR A HhERRLAE AT R SR AU 75 (R OGS kL 2
o IR E R PRE AP = S A2 R B2 SL e T B [N, ARG T ok R &
MR R IR WS TRAAF N YIRS TT R0 FE B MRk B &, Dbl 261 T ARLS
o GEREAL SUIVERAE SR SR B SRR T B .

3.1 EFESESERIFRFHFREETEZLZARIER

NHP 047 B AR 55 ] P PRt i Sy BRI AR el T BERORIE R TR s . LRSI £ 2

BT CLSEIURAE A AR A R AL A L BT, SEBLOREARRE A2 RE AN ) P 1k 2 A
RS AR I e A 2% 1 1 R G R B SR bR
Table 5 Main Technical Specifications of the NEHPHT

Apparatus Technical Specifications

Large volume deformation press 8 GPa with shear deformatienyV"<10-hm?, Spatial

nonequilibrium, T <«]600 K, ¢ubic chamber

Rapid compression large-volume press 10.2 GPain 20 ms, V < 10mm3\T < 1600 K, Temporal

nonequilibrium,,octahedral chamber

3.2 BT IEKEAEN

AR A CELFE Skl R BT /e ) mTidat 3000 piE i s R 25 B (| 8) AT 3000 MfijiE
BEIENL (1 9) SEPl. 2B RM TRT Jiro OsugV/S24e = it & i%iH1 DIA RIS R4, %A%
BWE RGN 45°R/H ) B/ 38 WUASH A M SR — R Al . — MR ELPL L —A D &Y
WE Sk o ANA—ZE G AN PR EE R P I, » S5 RS [ [ 1000177 1A [P R4 . — 20 Rhl7E
6-6 AN 6-8 B R I A 1L K8 9 37 mam. ST RS AE 8 V. 20 V A1 50 V =Ff
HRIET, B KThRN 12 kW, AJ$RAERS 2 (AR R

) dad 3000 MUFER FRALSCEL, %A TlR 0 22 30 MN (X2 0-630 bar) [IESEE /7.
J 4 R 0 s 33 28 ] g 3K E 0—-10Q_ bar/min YU Bl N IELLIE ], $EHIRGE 9+0.5 bar. FKERES)
792000 Wi, KA Y 90 kKNdme FE H AR FEfE 8 V/1500 AL 20 V/600 A H1 50 V/240 A =i
fidh, DARERFS NI . M3 BRI XGA s (WC) — R ERL, FHFESMNE A& BOLEE
B IR AT P A B, /P PR T A7 8 A il i
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K] 8 (a) 3000 M B fh = IR 3L, ()5 b I 8 15 JE SR

Fig. 8 (a) 3000-ton uniaxial high-pressure apparatus; (b) uniaxial*loading

3.3 ﬁH@H&EEj WA
ﬂﬁ%ﬁ%f%ﬁERwa%ﬁﬁ%ﬁ%%ﬁﬁﬁﬁﬁ\%%@%ﬁ#i%,mgmﬁf

B R P TR LRI, 008 T B0k ARS PbRHE . IMBR RS FUhT. R
e,}‘ P (1) 482 A i S N (O R, SETRAE BT . RIAIPGE R T, Aehs
RGN AL, FEB T Py, 1B 10 A7 00 Ay BRI T F e, 3ot e
AT CA BT R R R 100 P 0 R . A T SR WA LA FR R, JRATHE IS e e
B, RFREARCR RN, REEAEZOMER. BRI Z5E, Aisl 74.28
MN/s 45 %, SCHL 1.66 MN JHEANEL, Zid st m g 2 A s PR ) 20 5 . FRAT ek R A1
TRAGE SRR TR, oAb TR, MRS TAE 20 ms BB AR RERTE T 10.2
GPa.

REAFHEEREE, %8 & MBERA TRV 2 6, 2T 6% TS s e S bR
FITH, (EERRMELE. Ab. AORIRN S ROIRELE h s R (050 FHIAS . G5 BB 120 e AR EAL,
SRR EENER . K ENLPSE IR AR T, AR T 8RR, SRR
Bridgman BB, S2HLT 5 GPa (UPGEINIE, SZRT IERBE AR, i DLSTHLH 2R .
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TATRHA Walker B2H,, $ORBHEE T madee e, ooR A4 B mroks & il R4 T+ 51)~15
GPa.

BN Fill/drain accumulator

: = | Press in operation
| "' =]1 Y & 2 -

n \ LTS ¥ Release

= == “' B " el accumulator

Mt | "77 : ¥ - : ‘V " -4

Rel
= Oscllloscope nm elease press

: 1 |
- '_?"

r

\
Pressure transmitter
for measurements

Compressed il . 7é'
air connection = | ‘ N
i | | / £ essure

saf tywalve

Bl 10 (a) RCLVP-10 6220 F . AR R R A AL 44 J%JEJJHF%E?}E i ='="~ 2 (Eéﬁﬁ%i‘ﬂﬂ) (2]

Fig. 10 (a) Photograph of the RCLVP-10, including the commercial large-volume press main body, rapid pressurization
system, and oil circuit system (marked with
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Fig. 11 Optical photographs of the recovered samples from different HPHT conditions. a—e: Optical photographs of AC
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Fig. 12 Identification &

collected o 002) planes of HOPG. The sample labels indicate the synthesis pressure and temperature, e.g. 20-
1773 means % wis sample was synthesized at 20 GPa and 1773 K. (b) Fitted visible Raman spectrum without the

background of the recovered samples from 20 GPa and 1773 K. The Raman peaks at 1459 and 1600 cm—1 are owing to a

trace amount of sp? carbon remaining in grain boundaries, also corresponding to the feature of p* in the EELS spectrum and
the weak sp? -bonded signal in the UV Raman spectrum (¢) EELS spectrum of the hexagonal diamond in the 20-1473 sample,
compared with that of single-crystal cubic diamond (SCD). (d, e) Virtual bright-field image and inverse pole figure (IPF)
map of the 20-1773 sample using PED, respectively. (f, g) HRTEM images of the 20-1773 sample along the [010] and [001]
directions of hexagonal diamond, respectively. Insets: corresponding FFT patterns. (h) Atomic structure projected in the [010]
direction of hexagonal diamond, generated by large-scale classical MD simulation. Orange and blue atoms represent atomic
packing in hexagonal diamond and CD-like defective atomic packing, respectively. The CD-like defective atomic planes are

corresponding to the (002) stacking faults (SFs) in the HRTEM image (f)
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Fig. 13 Structural characterizations of p-D recovered from 16 GPa and 1600 K. (a—c) XRD, Raman, and EELS spectra of p-D
at 16 GPa and 1600 K, compared to previous spectra of p-D recovered from 30 GPa and 1600 K. No observed sp?>-bonded
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signals were detected in (peaks at 1400-1600 cm'') Raman and ([1* peak at 292 eV) EELS spectra. (d—h) TEM
characterizations of samples recovered from 16 GPa and 1600 K. (d) Low-magnification TEM image. (¢) HRTEM image of
the area marked with the white box in (d). (f) IFFT image from the area marked with the white box in (e). Crystal-like MRO
clusters marked by the yellow and cyan lines have atomic arrangements along the [010] and [110] zone axes of HD and CD,
respectively. (g,h) FFT patterns correspond to the yellow and cyan boxes (2.0 x 2.0 nm?) in (), respectively. The inclusive
angles of HD- and CD-like paracrystallites are 88.9° and 71.6°, which deviate from that in perfect HD (90°) and CD (70.3°)
crystals, suggesting a high-degree distortion. (i) P-T phase diagram of Cg. Results for dash lines are from HPHT experiments.
Solid symbols denote different samples obtained from this study and references. The blue series denotes sp? while the red
series represents sp®. Red solid hexagons and circles represent the formation conditions of p-D in this work and the previous
report, respectively
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Construction of the Large-Volume Material Research System under High
Temperature and High Pressure at Synergetic Extreme Condition User Facility
(SECUF): High-Temperature and High-Pressure Large-Volume Materials

Research System
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(1. Synergetic Extreme Condition High-Pressure Science Center, State Key Laboratory of High Pressure
and Superhard Materials, College of Physics, Jilin University, Changelm 430012, Jilin, China;
2 Institute of High Pressure Physics, Ningbo University, Ningbo. 313000, China)

Abstract: Large-volume presses (LVPs) play a crucial role in high-pressure science, particularly in fields
such as earth sciences, condensed matter physics, materials séiene€, chemistry, and biology, due to their
ability to provide large sample volumes, fluid pressure-transmitting environments, deformability, rapid
compression, and in-situ measurement capabilities. Jilin/University has successfully established the High-
Pressure and High-Temperature (HPHT) Large-Volume, Material Research Platform as part of the
Synergetic Extreme Condition User Facility (SECUF). This platform integrates various types of LVP
subsystems, including solid environment, liquidy.ehvironment, and non-equilibrium environment high-
pressure and high-temperature extreme condition €xperimental subsystems. This paper elaborates on the
construction process of each subsystem and reviews the functions and characteristics of the high-pressure
and high-temperature extreme condition subsystems under different environments. Using the solid
environment HPHT extreme condition experimental subsystem, a belts-type device has been constructed,
enabling the preparation of large-volume samples under a pressure of 20 GPa, with a cavity volume of up
to 1000 mm?3. Using the piston-cylinder type liquid environment large-volume press from the liquid
environment HPHT extreme’condition subsystem, equipped with diamond optical windows, high-pressure
loading of up to 1.8 GPaiand/1000 K, as well as in-situ spectroscopic testing, can be achieved within a
sample chamber of“up{to 10 uL. Using the non-equilibrium environment high-pressure extreme condition
subsystem, a controllablexrapid-loading large-volume press has been developed, capable of achieving rapid
pressure loading©f10:2 GPa within 20 milliseconds. The paper briefly reviews typical experimental results
obtained using diffeérent LVPs to illustrate the application scenarios and advantages of these presses. In
summary, the platform described in this paper is expected to make significant contributions to high-
pressure scientific research and the innovation of high-pressure technologies.

Keywords: large-volume press; solid-environment; liquid-environment; non-equilibrium-environment;
high-temperature and high-pressure platform
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