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Abstract

Preparation technology of zirconium diboride powders, such as solid method, liquid method, gas

method and so on, is reviewed in detail. The characteristics of a variety of the preparation routes are detailedly ana-

lyzed, and the further trend of preparation technology of zirconium diboride powders is forecasted.
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Fig.2  XRD patterns of the ZrB, powders prepared by ball milling for
(DO, @) 5hand (A~@D) 10 h and annealing from 800°C to 1 200°C
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SEM micrographs of ZrB, powders formed from Zr-B powder mixtures milled after heating
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Fig.3 Typical SEM images of the ZrB, powders prepared
by ball milling for 5 h and annealing at 1 200°C
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Fig.4 SEM photographs of synthesized plate-like ZrB,

grains with different additives
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J& 7Zr 5 MgB, W33 ZeB, ki, SR, H KL SHS
AT SR WA 5E 4 P el B AN,
I, Khanra 2557 R B T — Yk SHS (DSHS) £ A,
FF YR SHS(SSHS) A BB ATR & — % 219 H,BO,
Fl Mg By FRHEAT— ¥k SHS 388, IXFERRI/N T 7= 1)
i (P4 rh ZeB, RiAR i —YK SHS [ 75 ~ 125 nm I
JNFE YR SHS 1 25 ~40 nm) X425 T 72 W 0 4 i
(R 1 779)h ZeB, &5 —IK SHS /) 60. 3wt% 2 5
F YR SHS 19 79.3wt% )
®1 BRMFEREH ZrB, BEHLER S
Tab.1 Chemical analysis of SSHS and DSHS ZrB, powders
wt %

method Zr B 0
13.6 9.7
18.8 4.4

ZrB, Bs, Zr 70,

SSHS 76.4 60.3 1.9 37.8

DSHS 76.5 79.3 3.9 16.8

TR Ze 8 B, 0, Hi5 Mg #yek Zr #15
B ¥ A JEkE R SHS HEAR M4 T ZiB, FEM A, H
H1 50 wm 0 Ze By SOV R 2 S AR Y, BIFST AR
Zr-B,0,-Mg 1K R TRIAR A4 B,0, ¥ EEAE Ze 3
H1 Mg 53 J5 ], 75 643°C I, RIS G Ze ¥y FER 73 K
IEALI Mg By ab TS AL B,O, MIEET KR &
A Mg ib it B, O, | Zr ik )it B,O, B4 B 5 Zr )
AR ZeB, B, SHS F=9 dcki B Ik R /MBS #L
M KA 2 ~5 wm, W) R Uk J5 RUREBEAS 1 2h B 5
WA IR A ks B4R 0.5 ~2 pm, FRYEF=HIH 7B, &
4 94. 59wt% , 7Zx0, E N 3. 87wi% , H,BO, 7 ik
1. 54wt% 5 i % F Ze-B AR Z Y SHS P24 7B,
TN 98.95% | BURIRIAE 1 ~5 wm, 4370 LA AT,
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BF, BT B ZeB, R AR SE B2 38 31 e = 14 96. 3% , Horp
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RiAE R 2,15 pm, A LEJFOBFRITA 30wt% )% B 7
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Fig.5 SEM micrographs of the ZrB, powder obtained from Zr-B

mixtures containing different content of NaCl
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7r0,(s)+B,0,(s)+5C(s)—7ZrB,(s)+5CO(¢g)

(8)
HUHEAR S A2 B B 0tk I
1000 ':t“ «-reaction(11)
e br‘.::?}:‘m «-reaction(10)
[ w9 LN “-A s-reacti 8
500 '7'/"‘1,,:’%.:* reaction(8)
= ’3.:!\'
S o
<
=500 t
-1000 N R
0 500 1000 1500 2000

temperature/ °C
(2) The standard state

TE(8)FE 1 509°C Lh AR A AN, an&dl 6 fras,
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Fig. 6 Change in Gibbs’ free energy of reaction as a function of temperature for reactions (8),(10), and (11) under different state
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Fig.7 Specific surface area and equivalent calculated particle size
of ZrB, powder as a function of synthesis temperature
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Fig.8 SEM images of ZrB, powder synthetized by the two-step reduction
method and two-step reduction plus intermediate water-washing method
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T/ B 3R Sk 2 Tl Ak A= 7= 7B, B3 AR A
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T LA Z2 FEAER SRR, 76 e R A8 e w8 s g A K
ZrB, My iR HIEEAAL = e v R .
27r0,(s)+B,C(s)+3C(s)—27ZrB,(s)+4CO(¢g)
(11)
Zhao %%} 700,-B,C-C R R AT T #1241 T
BRI AR A TR, BT R AR T
SR Ar H1 1 600°C FARLT ZeB, B, AR FR N
TEARIR T BE (1 400°C ) #2 BEAIAL S b =X (10) B4, 78
R BE (1 600°C ) Heik fb S R 2 (8) AT, FEX A
RARZ A, T A8 B0, AYIRAL, SN R
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A R R, R A R, 0 C Er R, H A
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TR 90 min S5 A MY ZeB, YA BRLAR B N T 2
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FEARMER R T2 (11) B SN 5 A 7 A i fE7E
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UNIUp

MR 00 Ty R B 250 L Ze0, (B, C R C R
LR A/ Bt AR Jir 325 4 T A B 2 S A R I v
SERL T ZeB, MR Tl AL A ., 24 B,C A1 C ¥id i
Smol% B, 7E 1 750°C TR 1.5 h & i ZeB, K ik
JoT s R R U AR 2 bR S AR SR )N
5] i BE>98% KRN 1 ~4 pum, 5542050 [
FELL 710, B, C 1 C hy JFURER FH A0 Jin #47E 1K
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1 100°C , L0 B, C A1 C 89 hn A& o] 42 2R Sk a8
JE R AT, B2 ZeB, MHRAIALRE . IR R AE 1
250°C ORI 2 h il 55 BB A rh ZeB, M AR5 5 7T 3k
95% LA I (HJE R 43 A AN 5]

Guo %" L) 7r0, B,C (i & 20wt% ~ 25wt% )
R (C) Ak FE RS S 1 650°C MR 1 h &
BT I RIERIR Y ZeB, R RIAE N 0.5 ~1 pm, Q1A
9 Ji7R ;YA BURE T E E] 1 750°C IS EDRAE N 1 ~
1.5 pm (AR ZeB, B0k, BFP G ORE S & 23
20 0. Twit% . 1T 1 650°C & M H B ARLER /NI
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Fig.9 Scanning electron microscopy morphologies of ZrB,

powder synthesized at 1 650 C and 1 750 °C for 1 h'*!
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Fig. 11  X-ray diffraction patterns and scanning electron microscopy

morphologies of ZrB, powders synthesized at 1 600°C
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(T Al Mg Ca ,Si) A OBl 38 4k 475 ol 4 Jee AP Ui 30 Ji 1Y)
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ikl g ZeB, M, FEAS )y 7 AR (LLFE AL
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37r0,(s)+3B,0,(s) +10Al(1)——3ZrB,(s) +5AL,0,(s)
(12)

X FF DY R 48 ALK Ze0, 1 B,0, (5]
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SCREAMH] AIN F ZeN AR R, #2580 T ZeB, B p 4l
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Fig. 13  Transmission electron microscopy image, selected-area

electron diffraction pattern, and EDS analysis of the
synthesized powders at 1 500°C for 1 h
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Fig. 14 TEM image and selected area electron diffraction pattern
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