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Table 1 Properties of polycrystalline TiB, with purity of TiB,=98%, grain size of (9+1) pm, and density of (4.540.1) g/cm® at

different temperatures %

Property Temperature/'C
20 500 1000 1200 1500 2000
Bulk modulus/GPa 240 234 228
Compressive strength/GPa 1.8
Density/g cm 4.500 4.449 4.389 4.363 4.322 4.248
Elastic modulus/GPa 565 550 534
Flexural strength/MPa 400 429 459 471 489
Fracture toughness/MPa m'/2 6.2
Friction coefficient 0.9 0.9 0.6
Hardness/GPa 25 11 3.6
Lattice parameter, a/ X 0.1 nm 3.029 3.039 3.052 3.057 3.066 3.082
Lattice parameter, ¢/ X 0.1 nm 3.229 3.244 3.262 3.269 3.281 3.303
Poisson’s ratio 0.108 0.108 0.108
Shear modulus/GPa 255 248 241
Sound velacity, longitudinal/km s 11.4 11.3 11.2
Sound velocity, shear/km s 7.53 7.47 7.40
Specific heat/J {kg K)* 617 1073 1186 1228 1291 1396
Thermal conductivity/W {m K)™* 96 81 78.1 77.8
Thermal diffusivity/cm? s 0.30 0.17 0.149 0.147
Thermal expansion, a, /X 10° K™ 6.4 7.0 7.7 7.9 8.3 8.9
Thermal expansion, ac/X10°K™ 9.2 9.8 10.4 10.6 11.0 11.6
Thermal expansion, om /X 10° K™ 7.4 7.9 8.6 8.8 9.2 9.8
Wear coefficient/ X 10 1.7
Weibull modulus 11
# Melting point/'C 3225
&’ Resistivity/pQ-cm 10~40

Note: a: melting point and resistivity of TiB; in Table 1 are from the research results of Murthy!™ and Basu; b: range of TiB; resistivity

value in Table 1 is the possible range of TiB,, not at 20~2000 C

F2 TiB EARRERTHIE R IERE

Table 2 Corrosion properties of TiB; in different acids™®

Types of acid HCI HNO; H2S04 H3PO,4 C2H204
Volume Saturated
concentration/% 35 16 65 30 98 25 85 20 solution 25
Residual amount of 94 95 28 31 89 96 98 98 94 89
insoluble matter/% 58 61 1 1 58 68 0 65 51 5

Note: results of the third line represent the remaining amount of insoluble matter which was obtained by the reaction of TiB, and acid for
24 h at room temperature; results of the fourth line represent the remaining amount of insoluble matter which was obtained by the

reaction of TiB and acid for 2 h at boiling point



= 1090 -

Wl SR AR T

%5 51 45

B I NS AHDUR AL S AH DU . 3K 2 PR
FR AT L SRl % TiB, A HE AR E, A& AR
211 HEAATARE

YR ASAH TR 1 4% TiBL iRk J2 I B i I 5 v N B
Td Az WS v o AX 2 H BT & TiB, Uk )2 d i FH AT s 3
771 — MAE R A U4 T , 300~500 °C
REH A, KT RATEMFMT, R HE 4SS 6]
(4l TiBy BOM 1R N SEAE, ZERRANIS. T AR
AP AR AR R R (100)
18 57 A5 4 7 L PP S5 3 bt 2% T T B 45 B R [F) IR E
(1 TiB, IR 2 - b 7 AL HUIR TiB, 1 v 44 4, Shikama
24 2SR P (R AR S 40 T #EAD B R A 3 I S 7 9k A
% 7Y TIB 2. AN, SR TR IR, B
B K 97 e 31 85 - 290 22 g /5K I 92kt T LA
FH AL A [ (1 A4 22 10 ) % AN [ PR RE 1 TiBL IR )2 o

WIS AT 5 1 TiB I 24318 240 55 1 4k,
K FH P EE S PURLE T LA 4K T 60 umPOE HL 55

WA REGW TiB, w2, HFHRE-RHAEGKT
50 GPal'® % SUpmifdfE, [F i H A BT B
AEs LU, PP ER S GORE IR AT LR 25 55 5K U it
FEAR TiB, M B iR JE TR AR N7, 1X X TiB, M &Ik B ik AR
INVAPNOE = W

At 5 2 B AT LA e Jok e ek o A s B 12 1) 7 2 ok B
RIBERAR /7, HARZERD, K 3 Jym i BH A
Tl 42 8 S B AR AEAS 5] R 1) % HE 9 TiB, IRE R
T B 1H SEM JESR LA KA [R5 2 10 R S A%
o WK 3g T LLE H, BEE RS U E T s, IR
ERIIE MR 5 8 TiB, i E B s S #k s (LC) 1B
IR, X U A ) % U 2 I O e R R A R TR
Ji-SE4E A TR . Jiang PN 3E o A AR IEL B A A
JEAR K 2 A F A SR BRI 4% Hh TiB, IR 2 R AR FE I B R
R Ay, SEIAE YA IR EE 500 CAI-150 V i B H s 1 2%
PEF % 1 T BARSR AR (0 TiB, 12 - Berger 2531
Wt 50 R B AR S D DORR s B 1) 4 S A T

0.0 0.5 1.0 15

Distance/mm

2.0 2.5 3.0

K3 AR T TiB W)= MR #kiil SEM R DL RIR 2 OB 30

Fig.3 Surface (a~c) and cross-sectional (d~f) SEM images; scratch morphologies (g) of TiB, coatings with various bias voltages of

-50V (a, d), 150 V (b, e), and -300 V (c, f)F**
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Fig.4 Appearance (a) and SEM images (b, c) of TiB;, coatings on

the outside surface of workpiece by CvVDM*!
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Fig.5 Appearance (a, b) and surface (c, e, g) and cross-section (d, f, h) SEM images of TiB; coatings on the internal surface of

workpiece by CVD: (c, d) position 1 in Fig.5b; (e, f) position 2 in Fig.5b; (g, h) position 3 in Fig.5b“?
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RE (BRIE K@) I8 2 0 b el o P s AR 2, AR 5 15
Bl i 45 75 S B SR TR AR B DL — o T T G 3 B A R
T, TERCEA SRR REIRE . AWRBA AT
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TUIE . BEIRPE B N R A BRI EM TiB k)2, 18
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XTI, LA TiB, B8 1 1Ak 7 H 75 f i 4517
Mz R, R SEEL 100 4K L ARER AT ML I — YK
AR B

3.2 RIARE

& BRI 2 A e B R R E R —,
i TiB, LA mik 45 GPa [ i B, i A e i
JRJE—FE, BN TR JT . 1 ERREM
KE, F CASR m U0l ) B 70 B i) 3 A A T
H BT %% TiB, & TiB, 2 V) HiR 2 FZRH PVD H AR,
J6H CLRE2 B PVD HAR R o il . X 2T
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Research Progress in Preparation and Application of TiB, Coating
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(1. Wenzhou University of Technology, Wenzhou 325035, China)
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Abstract: Titanium diboride (TiB>), as the compound with the smallest density and the highest hardness among metal borides, is one of the
important advanced ceramic materials. It not only has the high melting point, high hardness and good chemical stability of traditional ceramics,
but also has excellent electrical conductivity that traditional ceramics do not have. These properties render it suitable for many applications, such
as in the manufacture of wear resistant parts and metal evaporation boats. Such excellent properties also make it a promising candidate as a
coating material on cutting tools, cathodes in Hall-Heroult cells for primary aluminum smelting and aerospace vehicle parts. Based on the current
research status, advantages and disadvantages of the TiB, coating preparation technology such as vapor deposition, electrochemical deposition,
thermal spraying, surface cladding, electric spark deposition and sol-gel were discussed. Moreover, the important applications of TiB, ceramic
coating in key fields were summarized, and the future development direction was prospected.

Key words: TiB,; hard coating; vapor deposition; conductive ceramic; review

Corresponding author: Wang Shuxin, Ph. D., Professor, Wenzhou University of Technology, Wenzhou 325035, P. R. China, Tel:
0086-577-86685150, E-mail: wangshuxin@wzu.edu.cn



