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Fig. 1 Schematic diagram of standard A and standard Z assembles
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bR A BibR Z 4% 60 FERR 24 b i, SR 5 0

U 6314 MN 57 B0 0N 1 R BL 17 5 :_ 1

T A, R SRR 2 R T 5.5 GPa, LB s 12000

1600~2300 °C, f#6 30 min, FREESREE O i {1500

F R T e A 2 T 70 :
TR RS L R i B P, 26 24 min - = 2} 11000 5

iR 13T+ 8 5.5 GPa JHR I, 485 LA 100 °C/min 1 1500

A7 0 ARG FROKE IR B T 2 3% T I A I 30 min, o
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R4 KU 145 TR T 45 4 7 2 5 W 0040605010120

Time/min
R 5 22 A B R FN s T N . .
e P2 R RE A R T L
4 Sl =k
1.2 %‘Ec ﬁE 5 /I}-I\“ ﬁt Fig. 2 High-temperature and high-pressure process curves
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AR 5 FhER S AL b a4 R T R BENL A T B T A AR, AR S IR A .
T, A2 A SR B 0T LUAE SRy s A A B 4 . — & 5 —AH 9 XRD %5 —J& 7€ EDS B
TP A5 TC R AN IR AT IR A, BT R B AL .

AR S R U 4 B Ak i & UM AL, L VB, NbB,, TaB, N3LJE, B A TiB, & CrB, PiZk —
Ak, ¥R 5 Ho A . 1] 3 7R T (V,,Nb, ,Ta,,Ti,,Cr,,)B,( HEDB-1) i Fif B K £33 5.5 GPa. 1600~
2300 °C 17 i A U A9 XRD 3 . 43R 1600 °C 1}, HEDB-1 F AR R 26 5T 19 — B4k 475 o kb T
HL—4H, (001). (100) K (101) 3 A W A7 76 B I 1] = A1 B 0 i 97 e 1 Ak, Ul BH A U 4 8 — ik b+
35 By Be w1 5 AL 1800 °C JF 4R, XRD 3 {2 7 H A8 4 (19 35—, 15 B ot psp %) o 1R &85 40 8 F B2 5 2. 000~
2200 °C PN, A7 S04 3R H B AR Ak, BT 0L, 76 1800 °C DL E I, HEDB-1 4435 307 - B i 1) A% o 5.

@ Precursor (®) (100) (101)

(001) 5.5 GPa, 2 300 °C
WB,
" CrB,
h TaB, A
) D N W— -
G

5.5 GPa, 2 000 °C

Intensity
Intensity

5.5 GPa, 1 800 °C

f

LJ )L NbB,

T

20 40 60 80 20 30 40 50 60 70 80 90
20/(°) 20/(°)
& 3 (a) HEDB-1 [{TBRIA K 44 BA2H 5T AL BrRE B i XRD 1, (b) 5.5 GPa. 1600~2300 °C 1/ F HEDB-1 (1) XRD
Fig.3 (a) XRD patterns of the mixing precursor powder of HEDB-1 and the single diborides powder contented in HEDB-1;
(b) XRD patterns of HEDB-1 synthesized at 5.5 GPa, 1600-2300 °C

A 5.5 GPa, 1 600 °C
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4l XRD 1% Z PRk HEDB-1 3L R 19 SR AR 25 4, TiF B s i 1) [0 95 R B 5 v, (L SR b B I
PNZEH o XEH T4 BT KRR T RE IR AT L4, S BURERIC R A A 2], 1 XRD IR e
SRR R, P, st EDS #F— 2 0  JT 3R A BEHL A A0, SR 3 AR A TR AR E M. 7E 1600~2300 °C
X [a], £ 5 HEDB-1 (1) EDS WAl 4 iR . B G BGREW ET:, JTE A0 N5, 58 A 1 & 5 A0 12
HR . 1600 C I}, EDS 4014 5 XRD i — 2, MU A& A W —H, (2B BLER B, Cr 48T
fift . BlAE IR IR F] 1800 K 2000 °C, W&l 4 H 4T HE Fir bR, Nb & Ta 70 K 76 A0 A A9 X3 80 )5 384 ATt
Ut B G B 2 R A SR AE AR it R 50 M, A R S8 T . A T 3R N bR DU, B Y
i AR A L TaB, & 4 F1 NbB, & % 8 F A9 IR A, % & £ HI7E XRD i 3F K & 3, B4
EDS WL £, i B #4058 1 XRD 3% 560 UF &5 0 40 58 T8 AN T8 43 o BRI, IR an FLARE BUIRFE T R 58
SBEML A, W Re e IR AR R AR B 58 4 R, MORME BB AL Y R ) A5 SR R I 40 25 . 43R 3 K 5
2300 °C B, & AR O ZoME LA £ 3, ik W I I w5 IR s R VR S 0 e A O U B ) & SRR
WK REE Y IC R & R BUm BT, JCR i B 45 .

Nb, Ka 1 Nb, Kol

Ti, Ka'l Ti, Kal Ti, Kol

e Rt

Cr, Kol

(a) 1 600 °C (b) 1 800 °C (¢) 2 000 °C (d) 2300 °C

K4 f£ 5.5 GPa, 1600~2300 °C ZfF TR H il i [ A U HEDB-1 Kb ) EDS
Fig. 4 EDS of HEDB-1 synthesized via high-temperature and high-pressure processing
under conditions of 5.5 GPa and temperatures ranging from 1600 °C to 2300 °C
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N — A FEROR RUEE R JCZR I A 359 53 2 A 2% 1R B e A — WA 0y 1o A, d 40 A i 2 45 s v o 9
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S Jm A o AT IR v e T R 0 A Y < R I A B A A R S A, AR R o, A
MR Z& P (5.5 GPa. 2300 °C) T 1Sy it aof ey i e 1T [ AH S5 I3 £ 614 MN ] 2 5N T TU L+ )
T 6 2 1 I e Jm AR, B (Vo ,Nb,,Tay,Ti ,Cry,)B,(HEDB-1) | (V,,Nb,,Tay, Tig,Moy,)B,(HEDB-2) |
(V2Nby T2y, Tig ;W ,)B,(HEDB-3) . (V,Nby,Ta,,Cry,M0,,)B,(HEDB-4) | (V,,Nby,Ta,,Cry,Wy,)B,(HEDB-5) |
(V.2Nby ,Tag ;Mo ;W 5)B,(HEDB-6) , RUAR [l Jr ik A 5 1 H & iUR 19 XRD 3% RIT R S0 A i 00, 2528 4
Pl s FIFE 6 f 7, XRD FEWEIE {5 851 T4 1.

Intensity

101
(001) (100) (101) (001) ' (100) (101) A
HEDB-6 i I\
HEDB-5
HEDB-4
| A o A A A ,A\
HEDB-3
HEDB-2
A )L HEDB-1
A N N ] AL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
20 30 40 50 60 70 26 27 28 29 32 33 34 35 36 43 44 45 46
20/(°) 26/(°) 26/(°) 26/(°)
BEl'S 7E 5.5 GPa, 2300 °C T FH il e R %A LAY B HEDB-1~HEDB-6 () XRD %

(a) HEDB-1

Fig. 5 XRD patterns of sample HEDB-1-HEDB-6 synthesized via high-temperature
and high-pressure processing under conditions of 5.5 GPa and 2300 °C

Nb, Kor1 Nb, Ka 1

Cr, Kal

Cr, Kal

Mo, Ka 1

(b) HEDB-2 (c) HEDB-3 (d) HEDB-4 (¢) HEDB-5 (f) HEDB-6

{E 5.5 GPa, 2300 C 41 TR e il i FR i A U B HEDB-1~HEDB-6 /) EDS
Fig. 6 EDS of sample HEDB-1-HEDB-6 synthesized via high-temperature
and high-pressure processing under conditions of 5.5 GPa and 2300 °C
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Table 1 Main peak position of high-entropy transition metal diborides

Sample High-entropy transition metal diborides Peak position/(")

(001) (100) (101)
HEDB-1 (Vo2 Tag,Cry,Nb, ,Tiy,)B, 27.7 34.1 44.4
HEDB-2 (Vy,Ta, Moy ,Nb,Ti;,)B, 275 337 44.1
HEDB-3 (Vo2 Tag,Wo,Nb,, Ti, ,)B, 27.6 33.8 442
HEDB-4 (V,,Nb,,Ta,,Cr,,Mo,,)B, 27.6 34.0 443
HEDB-5 (V2Nby,Ta, ,Cry, W,,5)B, 27.7 34.0 44.4
HEDB-6 (V,,Nb,,Ta,,Mo,,W,,)B, 27.9 33.8 44.4

& 5 BTN, LEAS 5256 19 IR R 45, HEDB-1~HEDB-6 ¥ 3¢ 31 B — AR 45 H, oK & BRI 19 42
AL BB R B AT S, IR B TR T g e T 6 T R A e O R A A R . B IR S AT
DL & B, HEDB-2 Fil HEDB-4 (1) (001) fifs T 77 5 0 22 11 B0 1 2 AN /N0, 2805k LU X, #ff 4 %08 J& T hBN,
XA UG X R i 3 B R A B SE 4 S B0 . 5341, 8 i HEDB-1~HEDB-6 (1) XRD % 1l A& B, R
B 6 JS gt U 4w Ak A 1 5 0 JIT Ak g W A7 3T - A TR AL R AR T /N DI A AR AR TR] 1Y) B Ak
o B G, X AN [ o U 4 i R T [ I B 1R A 7 EE A TR AR I U, ML 6 T R Bk S T
EDS ] LI ), 1£ 5.5 GPa, 2300 °C %4 F & i) HEDB-1~HEDB-6 [ C £ 3 fi #4957 . LA 45 SRAIE B
e R S A o e O R A B SR, R R ISR A T A, O HoT R A
Y57 5 v U e T e I M 3t O 4 Jm WAL A R T B, BT e v I AN

3 & #

L1 VB,. NbB,. TaB, S5 )ik, G137 1 H H] i i s He ik & it 1 6 S8 B v i aod U 4 8 — il Ak ¥
(V2Nby,Ta, , Tig ,Cr5)By (Vi ,Nby,Tay ,Tig ,;M0g,5)B, . (Vi ,Nby,Tay , Tig ;W 5)B, . (Vi ,Nby ,Tay ,Cry ;Mo 5)B,
(V. 2Nbg ,Tay , Cry, Wy ,)B, (Vi ,Nby,Tag , Mo, , W ,)B,o 1 i M i I 2 s B9 i & i, SRR T 15
5.5 GPa. 1600~2300 °C [ 1R X [8] N (V,,Nb, ,Ta,, Ti,,Cr,,)B, =4 — 5l £k 47 bifi 15 5 A5 Ak 14 A HE ik
A%, 3@t XRD, EDS 45T BLEAT AL, #IN T HAE 5.5 GPa, 2300 °C T AT LLA n i 5 — B4 e A 38
& 08 AR, I ELE R S b S AR R0 U e T ST S R, e e T B R R R R TE A
90 3o U 4 T — WA O T AT AT 0 R

S Xk
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High-Temperature and High-Pressure Synthesis of
High-Entropy Transition Metal Diborides

LONG Haidong, CHEN Jie, XIAO Xiong, PENG Fang
(Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract: High-entropy transition metal diborides have been extensively studied due to their high
mechanical and thermodynamic properties. However, the conventional synthesis methods of these materials
are inefficient. In this paper, we synthesized six types of high-entropy transition metal diborides based on
VB,, NbB,, and TaB, by high-temperature and high-pressure solid-state reactions at 5.5 GPa and 2300 °C.
The high pressure promoted the efficiency of solid-state reaction and facilitated the synthesis of high-entropy
transition metal diborides. The X-ray diffraction and energy dispersive X-ray spectroscopy results have been
confirmed that the six types of high-entropy transition metal diborides possessed pure phase compositions
without oxide impurities or second phases, and exhibited uniform elemental distribution without elemental
segregation. These results demonstrate that the synthesis of high-entropy transition metal diborides by using
high-temperature and high-pressure solid-state reaction method is effectiveness and practicality.

Keywords: high-entropy transition metal diborides; solid state reaction; high-temperature and high-
pressure; high-pressure synthesis
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