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JE RO h-BN (96 4. Bk UG, i h-BN 7E = R B8 AT B 2 B A2 AE 3 J7 1o 9 TR HE: (1) dnduf 78
o M TR A2 3000 KA B A g il (2) AT AR R i S HR 3000 KA B A EE, (3) ey A it 7 v i
N RS

ARBTG5 — SR R S, LAIAE DS 614 MN [ = % 5 I T A i f FE ML 1 5
PR i S Js PN 1 I TR 5 L A . 3 2o 9 T R R il A RO 285 4 A8 Ak, S ) T 5 A e e S GRS e e T
JEA . MR AR T R ARTE IR 7N R0 S, SRR S R A R RIS R R T A AR AR I R
J1F W AT, R 28 Dy PR A -5 [ 0 318 4 o, TR B A HA/NE SoRn s it SR Ak P4
RN SAEDIEE AR 2 BB WA S5 5 IR R, ¥ A B R T R B AR K R, T RE S
RELBAIT i r 1) A A 2k AR, DT 745 A 1) R 2 T TR G/ N PR A K A% o AR 50K 38 2 X6 3 s A B
7B AR T 0 AR 4 b R AT 5 R BT A IR ) 5 R A S B, AR R A A R TR S 1 B 4k, X
W T 30 F P 5 00 B 22 TR YOG R R A TR A2 5 SRS, R FH v s s Ik ) 0 P A B R, il h-BN R 2 18 ik
Vi) 52 20 W v 1) TR, R 5 R ek AR - [ e 7 3 A ok 20 AR B 42 5 R 4l F 7 {2 7B (scanning electron
microscope, SEM) 73 7 &b B J5 19 h-BN Ab AR A R T TE 450, DAL & 75 A2 B0 oK A s 38 3k o3 BT s AL 5 1Y)
TEAZ ALK B BORE S 9 SOUIE 5, T h-BN 7E 5 GPa DL R A& 55 .
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W () 50 L 2B S — o ) P i 25 9 7 i B ] RS A B FRLBE A R 1S, il R S TR oK, F AT
T —E B 2, TR E 1 Fras, Hdb . VCC(volt current condenser) £ 75 fit # L JE
GND(ground) # 7~ 2 103, Q1 A1 Q2 A =M 4, C1 Ml C2 MHL%Z, R1 M R2 MHLBH, S1~S6 IIF&. K
THROR LIS 24 | R AT, %% B B T A BRI SR T OUAY R EEE A H TR ST R
BB MTC 25 A, 1.6 kV Al ¥ kE, FH T ¥ 0l i B i B B9 MTC 300 A 1.6 kV ml ¥ 6E, H FAERERY 2 1
500 V. 15 mF fRE L 2%, DA F B 1k s 3B 572 69 MD 200 A, 1.6 KV 5850 48 . bah, SRAHK
5 10 m AY 10 AWG KIS B9 Sk, I P IR e &5 1 /K U8 B BEL A AR 7 o 8

@ Output ®)
Qg5

Ve

Cl, 15 mF
St » RI,30Q 83
I {1
Q@ s6
g ] wuwe u

|| s
I L annn)
€2, 15 mF
Output =
T GND

P 1 RS B R K (a) LA SR (b) R BRI (I 10 AWG KISk S,
IR LA R EGOUARTF GORE, SoRf BTN 1 kv, ARERIR FE )
Fig. 1 Schematic diagrams of the internal circuit (a) and connection assembly (b) of the flash-heating device
(The capacitors are arranged in parallel by using 10 AWG thick wires and divided into upper-level and lower-level.
The maximum output voltage is 1 kV. Simultaneous charging and discharging are not permissible.)
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FEER (7% Ly 0 AT o 07 2, DT RS TG A A B o o 7 I ) PR e AR v, PR 2 B 0 H R 2 48 R i AR
PRFR IR IRGEE . MR A i S 1E R F Ty 38 20 2, 38 Ao 4 o e A A B P 2 7 g 1) PR R T A A7 Y BB AR
1N, DT A 808 Tl 7 A g A, S T T8 0

i R () ik e e ), o TS e L R AL I I ROR, R R B E R LN I R4
%, R DR B 8] 0 F BB 6% E A ] T S A o
12 RS

TESE I B ME A5 B B, XTI AR h-BN By AR E AT FlAb B . i R o R LA i R R Rk kAT LA S B,
DAL B R ke BE 1 AR 2R i, Bk 220, UL B H Al ] B S B0 R 1Y 3 AR

RARE/INEI K S B B R NG L BE, AH HER AR R B8 &, BB 5 kARG . R, B BE BRI AR
JRTBE/INE A AR AE A AT SRR, DL REE ARG A Ao R v 194 A A8 T AT 8 D) 45 Sfe P S ) o A0 AT it s £ 1
J7 AU i SEM W EE S5 5 @R 3R T 5 A R/ 5] HRST 24 200 nm (1 @Rz B, SO RE B #E 44 K
R BIR fVE AT aRkAR . 2R & F B0 BN R, SR 40§ K28 1~2 pm 19 h-BN K R 1E 9] 46 44
Bl St T 0 K ZH B, B2 R A DS 6x 14 MN [ P2 e RS UEAL T . 8 T #0458 i i 7%
TSR AR IS AR 2 KLU, B 1k A BRI IR, il ELAR R 3 mm 1 /R F R 2R (10 AWG) #4275 1
TR AL R () 0 H 2 o e IR 8 PR SR, Sl /N F R AT 0 25 i rL, AT b B 1 5 3 vk, A I 5
Yo 2 Ak . SR, YR 140 A F) 3.4 F1 4.3 GPa B, 445 R iR . Bl S, (IR R R 2 e AR
5 T8 S5 A 1% Wk D) P P - 30 Y 6 8 A F R, X RE i BE A T R R AR SRR . R A RS, GG
P ok ) P ke S, 26 A0 BB R 0, BRUHEAE A S , T0EAT S 8 B S A R Ak 2 s 0 43 AT o

5 H JSM-IT500HR %437 % 5% 4714 B, 7 & 7#%5% (field emission scanning electron microscope, FESEM) S}
FERE S R DY OW S5 o 385 FESEM (i A S8 U4, K A o2 A5 3 B K ok, 33038 R WA 22 )
TR AL, JTAE R B DR [ R O B TR A R

2 GRS

21 BREMEBESEENXR

8 G819 T M FE ML AT 25 B i $A B J2: 3000 K 78 47, TR I T 18 FE F h-BN B Ak 1B 200,
Wi ] 40 P 95 55 B8 B R (A T LI A 7 =X i A T i 2 e i o PR 2 BE O 1B 1 s ri 1y i 34077 50,
TEAF ity 5 IR 55 0 fioh ) = 08 DX ™ A A ) AR, O LA bR ) K A 1 TR AR, el
F87 00 3t 7 TV I A5 A ot T E 5 5 A SR P UL R e o L SRR A e o A L AR S B R
Dy o R e A S 7 00 e A i L

TE SRR -45 S A b, PSSR AR K 2 B Be. il B2 A2 A b, W) b AR TR T

ARG B ANAAA, I h-BN BORHE AL IF BB A A . i SEM LGS, LI i 5 L AR R TR A R
ANEEY HRGSE 29200 nm (8 40 /0N S OREAE S 408, DRI 2 5 1 B2 R B G, o T ARG 36t AR TR 2 I T R
KA PR, ol 7

oA A S R R ) A R TR SR LR R A AR OC AR, BRI AR R, 5 B R — E TR ) N LR
JFE AR AR IR . AR IR A I 7 2 LR B IR LU N R . | e, th TR 1
PR T I 18] 0 F I B R 2 15t B R 4 AL B g LSS, TR, AR T SO LB AT f iR b .
U, S A4 BRI 5T h-BN O 28 3 1A, S i B R 725 I 18] R A HO) A 0 O 1) S 0, ik 90 Jo ho 1oz Ay 08 ¢ 1K
LR VL BOR, EHE 4 R R WIRRKE R H R B TR T A2 Al i e E R 45 bR AL B (NaCl) | S e
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(KCD) . AR (ALO,) A ALEE (MgO) , FLAEH KR G A5 435128 1075, 1043, 2350, 3073 K, X 2E4)
A AR A BRI 0T () S A R, i LA ARG ARE | R R A T R A, SR R AR
HL 5 R R OC R R AR B . 3 P X S IR A B, T LA A O A TR PR AR A TR R A
B IREE , 1T R T h-BN A5 At s 2% PR 4 R A T PRI SR 24,

TR SR TR ECH R SRR AR IRE AU OC R, K 4 R4 KB BH(NaCl, KCI, ALO,, MgO) it A &
AR RE S, B R R & (3.420.2) GPa, 43 BIZEAT IR ] AL 5286 . LA NaCl b 3], & Se (i 300 V #Y
e L PR IR AT R, S I LR B NaCl AR i 2 B L0 B S ) SR AL B4, an &l 2 iR, DLBRAE M s ik
Je RN L AR . B R, SEAT 2R SEI, IR Uk B AR R D50 L TR & 70, 35, 30V, SEER SR AT1AR
DO B f b G . 2 R RE 2R 25 VI, SR 40 A0 B0 R T B, 6 B R R R 3R B AL TR
B UL, AT E (3.4+0.2) GPa 19 551, NaCl (9% 10 5% ] B0 H B R 24 O (27.542.5) V. [RIB, 7
3.4 GPa I NaCl W45 552020 1582 K, & W] 27.5 V A HL e & A & I P9 A NaCl ik 215 2l i 1582 K
%) B ] T, DTS SO AR

— () M

K2 7 (3.4+0.2) GPa JEJJ T NaCl Zid AN [a] v SR ) v 5 R A ) SEML IR (ZLRE B 53 A 1 BRA & 007 2, 300 V A7
JEH IR AR . 70, 35, 30 V IRE B G BA, UEWITE M HUE RIS IR T NaCl i s YHUERREZ 25 VI,
£ SEM UG A R BLAIRLANAL LG, FOOLE 3 ok PR B T A TR, 6] NaCl ¥ 3.4 GPa R ALILIEAE 25~30 V
ZIA], 2920 (27.542.5) V, IS F NaCl (5850 1582 K, Bl 27.5 VL FRAITRE S (X R D3 SR 3 24 1582 K. )
Fig. 2 SEM images of NaCl samples after flash-heating with different voltages under (3.4+0.2) GPa (The red circled areas indicate
the locations where fine grains are observed, with a distinct grain refining at 300 V. Multiple experiments are conducted, sequentially
reducing the voltage to 70, 35, and 30 V, all of which resulted in the appearance of fine grains, demonstrating that at such voltages, the
temperature is above the melting point of NaCl. When the voltage reduced to 25 V, no fine-grained areas can be identified in the SEM
image; instead, only fragmented grains due to pressure are observed. This suggests that the melting voltage of NaCl under 3.4 GPa
is between 25 and 30 V, approximately (27.5+2.5) V. At this pressure, the melting point of NaCl is 1582 K, suggesting that
a voltage of 27.5 V induces an instantaneous temperature of approximately 1582 K in the sample chamber.)

R FRSE, WK 3 R, 78 21 V R LI KCL B fki i fk, 7E 25 V& 3R Sk 44k, 15 378
(3.4+0.2) GPa J£ 1 F KCI B%% b I 6] JiC oL L R (23+2) 'V, X A9 R 1416 K25 40 4 fios, 76
46 V R KB ALO, By Sokidifk, AE 51V KRBT ALO, i Sk 404k, 35 L E ALO, F4E 1k D% 1R] i e
JE R (48.5+2.5) V, X I AR EE A 2701 KPP &l 5 fr s, £F 65 V R & MgO [ diki 44k, ifE 70 V &
BT MgO 1 SoRL AL B4, TR, MgO 1% Ak Ik [R] L L o (67.5%2.5) 'V, X 7 i L A 3419 KP4,
Liang 55U i i1 S 40 M5 15 GPa T c-BN A4 W47 B8 500 514 (5 689+411) K T (5968+457) K., i 4fz
K (), BRI KR/NMUGHEEMBAESEA XL, HEE N EEZWHN R, ALEFEHYBAESEE
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Liang 251 fBF S AT, R, 254 Liang 55U (9 SE 50 5008, 4004 15 2 i e 1 PN L 5 Ik 1) i s |l 1 22
B R MLk, anl& 6 Fras .

—) L

= | um

3 3.4 GPa | KClBEETHS 1 SEM EIR (21 V IR L BRI INGR, WiAE 25 V I & LRI AL 1 Sokc 4 AL 4,
Ui KCI11E 3.4 GPa £ ) N IIELHUEAE 21~25 V 2Z[H], 210 (23+2) V, IS KCLME S 1416 K,
0123 VA TR TR i AR AT BE IR S 2 1416 Ko )
Fig. 3 SEM images of KCI samples after flash-heating under 3.4 GPa (No grain refinement was observed at 21 V, but appeared
at 25 V within the red-circled areas. It indicates that the melting voltage of KCl under 3.4 GPa is between 21 and 25 V,
approximately (23+2) V. At this pressure, the melting point of KCl is 1416 K, suggesting that a voltage of 23 V
induces an instantaneous temperature of approximately 1416 K in the sample chamber.)

< A " X' : 1Y
S | um < = 1 pm C e 1 um

4 3.4GPa | ALO, BHEHEIEH SEM EIR (46 V IR K I ALZNILINGE, TTE 51V i & LT B AR A b 4 b B &2,
VLA ALO, 7£ 3.4 GPa N HIEILHLETE 46~51 V ZIHl, 2428 (48.5+2.5) V, I JI T ALO, MIME S 2701 K,
Bl 48.5 V fY L IR i JE A IR DL BE TR 3 24 2701 Ko )
Fig. 4 SEM images of Al,O, samples after flash-heating under 3.4 GPa (No grain refinement was observed at 46 V, but appeared
at 51 V within the red-circled areas. It indicates that the melting voltage of Al,O; under 3.4 GPa is between 46 and 51 V,
approximately (48.5+2.5) V. At this pressure, the melting point of Al,O, is 2701 K, suggesting that a voltage of 48.5 V
induces an instantaneous temperature of approximately 2701 K in the sample chamber.)

500 nm

5 3.4 GPa T MgO BRE G HY SEM B (65 V B A KBS RLANAL AR, T 70 V B R IRLT BIAL i ki 4 AL IR,
Ui MgO 7£ 3.4 GPa N AUIBILHLIEAE 65~70 V ZIH], 2128 (67.542.5) V, ILE T T MgO RYME S0 3419 K,
B 67.5 VI HL IR (A i JEE A IR AT B TR $ 24 3419 K )

Fig. 5 SEM images of MgO samples after flash-heating under 3.4 GPa (No grain refinement was observed at 65 V, but appeared
at 70 V within the red-circled areas. It indicates that the melting voltage of MgO under 3.4 GPa is between 65 and 70 V,
approximately (67.5£2.5) V. At this pressure, the melting point of MgO is 3419 K, suggesting that a voltage of 67.5 V
induces an instantaneous temperature of approximately 3419 K in the sample chamber.)
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BRI IR AOARAE , 5 €58 Liang %61 19 525000

Fig. 6 Flash-heating voltage vs. temperature relationship for the flash-heating device

(Black dots represent the temperature calibration points by four standard materials,
and blue dots are experimental data from Liang, et al.!')

2.2 E-FEREMEEST h-BN B S B9 £

W 2l 1) h-BN OBy A THCE TR = TR JEE N, R R ) & (3.4+0.2) GPa, JEAT IR [B) i HL 5256 S 56 TT IR
I, B B 2 300 V, B R TR . ML 7(b) AT AR 5B B 2 h-BN H B SR A AL P42, % 4
FAERGEREMN S % . EREIG RISEE P, KB RN 0 V B A T+ 5 90 V, A ULEE S 2 0L 1% s 40 fL B
%o MHESE—ETFE 96 VI, A JF U WEE R & 7(c) AL B bRiC i Sk AR AL LG . IR, KT h-BN

AL RE I 1 R 2 2 (93+3) V, MR KT 6 Fir s 19 Ik 1] 3k A, A H - O R ol £k, 4 DR 0T 1 ) s A TR R
(4251+150) K.,

(a) 0V ' (b) 300 V (c) 96 V (d) 90V
K7 3.4GPaF h-BNZ ﬁTH%E%IEﬂﬁJ{E&F#m 1) SEM PR (ZLRER 53 o it BRI S . 300 VI, Al B S iy
AERLAIAL IR ; 96 V I, [ARENR AR 2 AL RIS 117 90 V I, SR WL ARRLZRTL X S8R, UEWA7EIZIE J1 T h-BN 45 4L,
Xof o E’J E&Eéfm (93+3) V, X AL HIMEIRLIE Dy (4251+150) Ko )

Fig. 7 SEM images of h-BN samples after flash-heating at different voltages under 3.4 GPa (The red circled areas indicate the
locations where fine grains are observed, with a distinct grain refining at 300 V. Grain refinement is still observable at 96 V,
but cannot be observed at 90 V. It indicates that the melting voltage of h-BN under this pressure is approximately (93+3) V.

The corresponding melting temperature is approximately (4251£150) K.)

PHHE ) 2 (4.3£0.2) GPa, Xf h-BN A i 47 55 52 B9 B [R] 0 AL S0 40 . 25 2R R 97 V B HL R T AR
L SR AR AL B s 2 H TR & 105 V IE, A& 8(c) TR, H BB WA h-BN FoRignfb 4. R
SCIEE, T LS B 7R % 1 T h-BN S AR X 7 i L 24 Ok (1012:4) V., ARIE R 6 BT 7R 11 Bk 1] i H
FE - B IR, 92 R R X IO 4 A TR BE SR (45314200) K

J5 5 IR A1) 0N 1 S 2 A8 SRS AL B, R AR AT 2 M i — o b AR R W ) SE PR
JE R I AR IR ALY BL G, T = TR R B N O H UL . e R RE A% 42 T+ o A AR S 1, B ) B A
AN AR G O IR BT S R R . 7R R R R, TR B R, R G T RE VA AR 65 I [H]
IR B HOP- 7, AT T 250 B Ak B, T B8 B e D %) AN E A M, DRI, AR RIS R TR 22 .
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AR, TR AT, h-BN ANMUN S L, 80T B8 & AE L2450 fft . h-BN 43 2 A2 BB AN 20<, M TR
A, TR I A0SR A RN A, I 0T B8 T BORE S R TR 2B Tk, DA 1R
HEEM . SR, SRR S h-BN 22 . FEARHESE T, SEM EME IR o A sl AL A
BN /M 42 . A5, 76 3.4 A1 4.3 GPa (191 JE R h-BN A9 550 510 (4251+150) K AT (4531+200) K.

L ot =

a0V b)97V (c) 105V
K8 4.3 GPa | h-BN ZWREJHCR AR ) SEM K897 V I, RABLAARLZATLBLGE, M0 105 V i}, £L 4k H 3
AR LIRS, BEBIAEIZ ) R, h-BN (AR 2 (10154) V, XERLEIEAIREE ) (4531£200) K. )
Fig. 8 SEM images of h-BN samples after flash-heating at 4.3 GPa (No grain refinement is observed at 97 V, but appeared

at 105 V within the red-circled areas. It suggests that the melting voltage of h-BN under this pressure is approximately
(101+4) V. The corresponding melting temperature is approximately (4 531£200) K.)
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Fig. 9 Extension and comparison of the results obtained in this study with data of
Zhang et al."" on the melting curve of c-BN (The blue region indicates the possible
range of the c-BN melting curve, the green region represents the possible range of
the h-BN melting curve obtained from this study, and the middle red region indicates
the possible range of the triple point. The melting point of h-BN is expected to
increase with pressure, with the slope gradually steeper but not negative.

This differs from the predictions made by Solozhenko et al.!'!.)
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Measurement of the Melting Point of Hexagonal Boron Nitride
under Pressures below 5 GPa

ZHANG Ruike, GUO Rui’ang, XIAO Xiong, HE Duanwei

(Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract: In this study, a flash-heating device was designed and assembled to achieve instantaneous

discharge heating of samples under high pressure in the DS 6x14 MN domestic hinged six-anvil large

chamber press. By combining large chamber static high pressure and instantaneous discharge heating

technologies, the melting state of crystals has been determined by the nucleation and growth characteristics

during solidification. The melting behavior of h-BN powder crystal under high pressure was studied by

instantaneous discharge heating treatment. Using scanning electron microscopy (SEM), the microstructures

of samples obtained by high-pressure instantaneous discharge heating treatment was analyzed in order to

assess the melting state of h-BN crystals. It was determined that the melting points of h-BN under 3.4 and
4.3 GPa are (4251£150) K and (4531£200) K, respectively. These results are beneficial for exploring the

applications of h-BN and revising the existed temperature-pressure phase diagram of boron nitride.

Keywords: instantaneous discharge heating method; hexagonal boron nitride; high pressure and high

temperature; melting point measurement
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