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Fig.2 Schematic diagram of surface temperature, material cross-section temperature ,

and cross-section electric field distribution of different positions of materials
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Fig.3 XRD patterns of the products obtained at

different positions in the Y-axis arrangement
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Fig.4 XRD patterns of experimental products

under different heating methods

9Ti0,(s) +5B,C(s)=

ATiB,(s) +6B,0,(1) +5TiC(s) (2)
TiO,(s) +3C(s)=TiC(s) +2CO(¢g) (3)

TiC(s) +B,0,(1) +2C(s)=TiB, (s) +3C0(g)
(4)
AN  FERIB MR 25T, 25 B T e 2]
1350 “CI, U™ 8 9 ) A 24 B R AT TiB, A, I 0
HAbZ A, R EHZR R C R 584, 580
JNFRAE L, SR R AT B S B ARG S g i B, 4 17 36k
T MR A B TiB, o & 4% 1Y S B T, B
UGB 8 A RAAEONE FIT S BB A A A X S gk B



- 118 - T E A & S 4

R A

J - 4 Bl 22 SR S0 AT B AT S I Uik
E[lﬁ—lsm-zz] N
3.3 YRR S

5 AN TRl #4520 B A9 5250 77 9 1 SEM
B IRAR Sy A o SR BN, AT, 6L 1350 °C
(E5Ca)) B =8 A = iR B S—28 R BRE |
ANOT AR B BEAH 38 2 3% 1 # A9 EDS Fl XRD 1y
SIMTEE SR AL ZRIBBRIE 09 f ok A TiC, 75 ok
KA TiB, , MBS AR A B, O, , B 1 AT ik — A E 52t
B 1 7 W v A A b ) 2 B RN TR B T R
1550 °C (EI5(b)), 2R BRIE F1 3% 525 A1 BH .91 0%,
UESEZIE (4) KA 51 550 °C R P24 ki 51 1
T EE ALY 7N 7 TiB, bk, ok 22 8] B R B
1) SRR AT SR IS | 2 ph LR 3 v 3 b e 4 i

(c) T hN#A1350 °C

B YR RO B N SRR A 1350 °C B,
BLS5 (e) mIAL, P= 0 SHOUIE S 340 A 4 B AR i i 7
JrIE TiB, &k, - HL &bk B & 4l ik HL oy AR #4950, o
R R it be” B4, il Tmage] 483 H4 4443 51 %)
PR #4052 B 4l A TiB, Sk (B S (b) Al
K5 (e))dEfrgeit, Hokiiz i dn ikl 5. (d) fias, i
BT TiB, ki AP 340042 (1. 93 pum) B /N T
NPT 9 TiB, fAE (3. 95 wm) |, I HARLAR 2 A
L, B RL AT SO AR T DLgE Ak R
AR A 355 D PR AT B8 R B IR A S T RIS TiB,
AR R T 5 AR, S ARl TR, Ak AR Y
BEL 738 0, T4 ) TiB, Aok 4 K, KR 32 & TiB,
KR4 8 5, A R A TR sbe a0

»
l‘f,un
T e
(b) R IN#R 1550 C

R
Dy =3.95 pm
Dyy=1.93 pm

4
ik R S /pm
(d) AR5

Bl5  ARFEIN#Or R S8 Y SEM A : (a) UMM 1350 °C 5 (b) AN 1550 C;
() WAHm#A 1350 °C ;5 (d) HiAes i Al
Fig.5 SEM patterns of experimental products under different heating methods: (a) Induction heating 1 350 °C ;
(b) Induction heating 1 550 °C; (c¢) Microwave heating 1 350 C; (d) Particle size distribution

4 45e

ARG BT COMSOL A L4k 1% B8 i
BRI ST T B, AR
LLTI0, B, C RIS A5, M AR B

TR Bl B Ik ) 4 T, A AR A/ R
LU 2458,

1) e TOUAA HEAT ™ 45T DA b 2 i i
SR AR ST JOW il 22 ke O AT AR TR 23 A T
W A (e A, B A LA A T S 4 Jey B A i L 7



2025 4F 10 A4 5 i

T A Gl B B RAGA Jk B A Bk AT

- 119 -

R1 S5 PAXEBBENE SR (T )

Table 1 Spectral components at each area in
Fig. 5 (atomic percent)

Xt JF /%

FER Ti B c 0

[X 45 1 1.08 41.33 1.55 53.41

X 45 2 57.02 1.26 40.76 0.96

Aii , WURML L 3 03 A1 32920, Al B A A TGl ry A
SO e

2) t XRD 3 Mré SR n] i, 55 A AH L, 10

PN AR AT Y S AR S 7 E 7 1T 3R IE T R T A
FEAGHER £ B TiB, P A TR

3) t1 SEM 3 Hr& SR al A, Sl in R T LLAR AL i

R, G ekt B SRR, BETT B w8 1R AR B et
PEFBELE PR BSO8R BE | S B0 RHIE K 32 71 A1 R

PERERI E Y.
E=3CN
[1] LIX, CHEN B, QIAO J, et al. Low-temperature synthesis and

sinterability of high-purity submicron TiB, powder via microwave-
assisted carbothermal reduction [ J]. Journal of the European
Ceramic Society, 2024, 44(7) : 4549 —4557.

LI X, CHEN B, TANG J, et al. Growth mechanism of himodal-
sized TiB, particles synthesis via a NaCl additive-microwave-
assisted carbothermal reduction [ J]. Journal of Alloys and
Compounds, 2024, 994 . 174653.

LI X, WANG X, TANG J, et al. Low-temperature synthesis of
high-purity TiB, via carbothermal reduction of metatitanic acid and
H;BO; [J]. Ceramics International, 2023, 49 (24 ). 40140 -
40148.

MNATSAKANYAN R, DAVTYAN D, MINASYAN T, et al.
Superhard B, C-ReB, composite by SPS of microwave synthesized
nanopowders [ J]. Materials Letters, 2021, 285, 129163.

WRs, EX6E, ZRK, 45, TiO, S B RAs i 4 TiB, Bk
YR [T]. T JbbRE, 2024, 58(1) : 44 -47, 52.

CHEN Bin, WANG Xingguo, LI Xin, et al. Effect of TiO, crystal
forms on TiB, powder prepared by microwave heating [ J].
Refractories , 2024, 58 (1) : 44 —47, 52.

XUEEHE. A& GENFAT SR PR ol 48 % 1 ¢ B G A W R P F
% [D]. KRB RFEHT AR, 2019.

LIU Yanchao. Preparation of activated carbon by traditional
heating and microwave heating and its dielectric properties[ J].
Taiyuan; Taiyuan University of Technology,2019.

FER, B, PNREL, S DIEESE A BRIE RGN A %
A FLIETER [T]. ThAEAT K, 2014, 45(18); 18144 — 18147,
18152.

WANG Lizhen, WEN Hongli, SUN Shumin, et al. The

[10]

[11]

[12]

[13]

[14]

[16]

preparation of mesoporous activated carbon by microwave radiation
heating walnut shell[ J]. Journal of Functional Materials, 2014,
45(18): 18144 - 18147, 18152.
EeHE, BT, Rk, G DU BRI A AR 2 TiB, B
PREGTEFE [J]. M KB, 2024, 58(5) : 405 - 409.
WANG Xingguo, CHEN Bin, LI Xin, et al. Preparation of
submicronTiB, powder using sucrose as carbon source [ J ].
Refractories , 2024, 58 (5) . 405 —409.
MRELES, )T, RREIZE, AR RG] & m AR AR
Ttk (1], BT 24BE0, 2010, 2(2) : 65 -68.
YE Hongyong, ZUO Guangling, DU Chaojun, et al. Synthesis of
highly dispersed ZnO nano particles by microwave heating[J].
Journal of Nanyang Institute of Technology,2010, 2(2) : 65 - 68.
SO, SRHE, T80, 45 Rusom B & JoyL Ok a1 et i
FerEREnts [J]. (R THEAEL, 2019, 47(6) : 252 -256.
ZHANG Beibei, WU Lin, YU Yifeng, et al. Preparation and
performance of inorganic insulation material by microwave heating
[J]. New Chemical Materials,2019, 47(6) : 252 —256.
SRIEE, B{A], BIDEMK, A5 Rk AR IR IR A AL ZeB,
BrREEsE [J]. #PBFRAR, 2007(52) : 61 —64.
ZHANG Haijun, JIA Quanli, JIA Xiaolin, et al. Study on
synthesis ZrB, powder by microwave carbothermal reduction at
low temperature[ J]. Materials Reports, 2007(S2) : 61 —64.
ICHT  ARekpE, O, WIS g e e ak
TG PR Ak 6 L F o (0], P8 b Tl K2 2 ik, 2009,
27(4): 527 -531.
Al Yanling, LI Tiejun, JI Yongbin. Comparing properties of
activated carbon prepared by microwave heating method with
those prepared by conventional heating method [ J]. Journal of
Northwestern Polytechnical University,2009, 27(4) : 527 - 531.
Mrogss, EART, SR, 55 OB BA ] 2% he i b 2 A ki
FUERE [1]. JOHLBPREAE, 2022, 37(8) - 841 - 852,
CHEN Yonggiang, WANG Yixue, ZHANG Fan, et al
Preparation of special ceramics by microwave heating: a review
[J]. Journal of Inorganic Materials, 2022, 37(8) : 841 —852.
WACHT, SREW, AR, F BOEES L AIN 9K BOR
(1. &2, 1996, (11): 1221 -1226.
DAI Changhong, ZHANG Xianpeng, ZHANG Jinsong, et al.
Synthesis of nanometer aluminium nitride powder by microwave
method[ J ]. Acta Metallurgica Sinica, 1996, (11). 1221 -
1226.
ERAE. AL PE R B A B SiCos s i AR R WL 5T
[D]. XBIH : KBIH AL T A BEAE B, 2023.
HAO Wending. Study on the growth mechanism of SiC powder
synthesized by microwave under the action of catalyst [ D ].
Zhengzhou; Zhengzhou Institute of Aeronautics,2023.
REHE, XMk, 1A, 2. BB sol-gel 34 M Biy s Na 5
TiO; Bk SRR PERERTSE [J]. TR (A ARE
i), 2024, 45(2) : 218 —224.
WU Jiaying, LIU Jia, HU Yue, et al. Study on microwave-



120 - T EH & & A MR

assisted sol-gel synthesis of Bij 5 Nay 5 TiO; powders and their FEGN Wei, ZOU Kehua, ZHAI Zengxiu. Study on crystal growth
piezoelectric properties [ J ]. Journal of Ningxia University kinetics of nano-TiO, prepared with microwave aid at low
(Natural Science Edition in Chinese and English ), 2024, temperature[ J]. Journal of Inorganic Materials, 2010, 25(8) :
45(2): 218 —224. 815 -819.

[17] %58, RBUL, =T, 5. TiC B i e s 4 5 g i v re [20] 3KAK3F, ZEvhoe. AN Aok S A Bt Ve S v il 5 K 1o FHAF 5 30k Jé
WE5E [T]. BEZE2dR, 2024(5) ; 985 —992. (1], AREBO AR 4R, 2024, 36(4) : 37 -42.
YAN Yao, ZHANG Sifan, YUAN Ningkai, et al. Morphology ZHANG Yongfen, LI Zhongyuan. Preparation and research
control and microwave absorbing properties of TiC powders[ J]. progress o fine grain MgO ceramics[ J]. Journal of Shijiazhuang
Journal of Ceramics,2024(5) : 985 —992. University of Applied Technology, 2024, 36(4) . 37 —42.

(18] s, TK5E, XB8L, . SRTAL XS a-AL O; B G Li [21] WANG L, GONG C, SONG Z, et al. Effect of non-thermal
B M peaE e ReRgsEm [J]. B, 2023(5): 9 -11, 27. effects in microwave heating on the rheology and chemical
ZHANG Xinxin, ZHANG Meng, DENG Yue, et al. Effect of properties of petroleum asphalt [ J]. Materials Research Express,
microwave pretreatment on synthesis temperature and sintering 2024, 11(3) : 035302.
properties ofa-Al, O; powders [ J]. Ceramics, 2023 (5): 9 - [22] HAN G, LIU F, ZHANG T, et al. Study of microwave non-
11, 27. thermal effects on hydrogen bonding in water by Raman

(197 i, aRFofe, RIS, kR BRI 4 40k Tio, fik A spectroscopy [ J]. Spectrochimica Acta Part A: Molecular and
Kahp2amrge (1], BB RE 4, 2010, 25(8): 815 - Biomolecular Spectroscopy, 2023, 285 121877.

819.

Preparation of titanium boride powder by microwave-assisted
boro/carbothermal reduction method

WANG Xingguo, CHANG Shilun, LI Xin, CHEN Bin, TANG Jian, XU Chen

(School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China)
Abstract; Microwave heating has the advantages of fast heating speed, high efficiency and low energy
consumption, but it also has the shortcomings of uneven temperature field. In this paper, the temperature field
uniformity of microwave heating process is theoretically simulated by applying COMSOL simulation software, and on
this basis, the role of microwave heating and induction heating on the preparation of TiB, powder by boro/
carbothermal reduction method is compared with TiO,, B,C and carbon black as raw materials. The paper shows
that the uniformity of microwave heating can be significantly improved by the arrangement of “top corner
arrangement” compared with “X-axis/Y-axis diagonal arrangement” and “diagonal arrangement” ; furthermore, the
heating uniformity of microwave heating can be significantly improved by the arrangement of “top corner
arrangement” compared with “X-axis/Y-axis diagonal arrangement” and “diagonal arrangement”. In addition, the
pure-phase TiB, powder with uniformly distributed grains can be obtained by microwave heating at 1 350 °C for
20 min. Compared with induction heating ( complete reaction at 1 550 °C ), microwave heating can significantly
reduce the reaction temperature, which is mainly due to the non-thermal effect of microwave. At the same time,
microwave heating can refine the grain size of TiB, from 3. 95 pum to 1. 93 wm, and can avoid the phenomenon of
grain agglomeration, which in turn improves the sinterability of powder and the density of sintered materials.
Key words: TiB, powder; microwave heating; induction heating; temperature field; electric field; non-thermal

effect; grain agglomeration



