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Effect of Forming Pressure on Microstructure and Mechanical
Properties of SiC/TiB, Composites
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Abstract: SiC/TiB, composites were fabricated by infiltration of molten silicon (Si) into porous preforms contain-
ing titanium diboride (TiB,) and free carbon (C) at 1550°C for 30 min. And the influences of forming pressure on
the phase compositions, microstructure, density and mechanical properties of SiC/TiB, composites were investgated.
It is found that forming pressures have significant influence on the microstructure and mechanical properties of
SiC/TiB, composites. XRD results show that the composites consist of TiB,, SiC and Si phases. The microstructure
analysis show that the TiB, and SiC phases distribute in the composite uniformly, with free Si fills in the continuous
gaps between TiB, and SiC phases. TiB, particle size and volume fraction of free Si both decrease with the increase
of forming pressures. The mechanical properties of SiC/TiB, composites are improved initially and then deteriorated
with the increase of forming pressures. Under the optimal pressure of 200 MPa, Vikers-hardness, flexural strength and
fracture toughness of the obtained SiC/TiB, composite are (21.0+1.1) GPa, (354+16) MPa and (6.8+0.2) MPa-m'?, re-
spectively. The open porosity and bulk density of the obtained SiC/TiB, composite prepared at 200 MPa forming
pressure are 0.90% and 3.63 g/cm’.
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Fig. 1 Effect of forming pressures on the porosity and volume
density of green bodies
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Fig. 2 XRD patterns of SiC/TiB, composites prepared at dif-
ferent forming pressures

(a) 50 MPa; (b) 100 MPa; (c) 150 MPa; (d) 200 MPa; (e) 250 MPa
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Fig. 3 Backscattered SEM micrographs of SiC/TiB, composites prepared at various forming pressures
(a) 50 MPa; (b) 100 MPa; (c) 150 MPa; (d) 200 MPa; (e) 250 MPa
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Table 1 Compositions and densities of SiC/TiB, composites

Forming pres-

Compositions and densities of SiC/TiB, composites

Number
sures/ MPa viig,/ % vsic/ % vsil % wrig,/ % wsic/ % wsi/ % pl (grem™) p/ gem™  pd % el %
1# 50 46.83 19.11 34.06 60.07 17.41 22.52 3.52 3.45 98.01 0.48
2# 100 50.81 20.74 28.45 63.35 18.36 18.29 3.62 3.54 97.79 0.69
3# 150 53.33 21.77 24.90 65.34 18.94 15.72 3.69 3.56 96.48 0.62
4# 200 54.19 22.12 23.69 66.00 19.13 14.87 3.71 3.63 97.84 0.89
S5# 250 54.31 22.17 23.52 66.09 19.15 14.76 3.71 3.61 97.30 0.71
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Fig. 5 Effect of forming pressures on the mechanical properties of SiC/TiB, composites
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B, HAFHRR TiB, 1 SIC (1) 254 S kst ik
B9 Si A S A TiB, B R | Sy N,

3) BEIRAR IR K IR, G HRHN )5

PERE S KG9 o A 720 200 MPa [N, 44k}
W b red e, HPUasams . Wi B A A [Chil
JEE 43 591k (354+16) MPa. (6.8+0.2) MPa-m"* 1(21.0+
1.1) GPa, HARFIS BRI LS AL%E N 3.63 glem’ FI
0.90%

2% CHk:

(1]

(2]

MUNRO R G. Material properties of titanium diboride. J. Res.
Natl. Inst. Stan., 2000, 105(5): 709-720.

MURTHY T S R CH, SONBER J K, VISHWANADH B, et al.
Densification, characterization and oxidation studies of novel
TiB,+EuBg compounds. J. Alloys Compd., 2016, 670(4): 85-95.
LUO X T, XIE X L, YUAN R Z. Microstructure and mechanical
properties of hot-pressed TiB, ceramics. J. Inorg. Mater., 2000,
15(3): 541-545.

NAMINI A S, GOGANI S N S, ASL M S, et al. Microstructural
development and mechanical properties of hot pressed SiC rein-
forced TiB, based composite. Int. J. Refract. Met. H., 2015, 51:
169-179.

ZHAO G L, HUANG C Z, LIU H L, et al. Microstructure and
mechanical properties of hot pressed TiB,-SiC composite ceramic
tool materials at room and elevated temperatures. Mat. Sci. Eng.

A-Struct., 2014, 606: 108-116.

(el

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

CHEN H B, WANG Z, WU Z J. Investigation and characterization
of densification, processing and mechanical properties of TiB,-SiC
ceramics. Mater. Design, 2014, 64(9): 9-14.

LIN J, YANG Y H, ZHANG H A, et al. Microstructure and me-
chanical properties of TiB, ceramics enhanced by SiC particles and
carbon nanotubes. Ceram. Int., 2016, 42(3): 4627-4631.

WEN G, LTI S B, ZHANG B S, et al. Reaction synthesis of
TiB,-TiC composites with enhanced toughness. Acta Mater., 2001,
49(8): 1463-1470.

WANG H, WANG W M, GU P, et al. Mechanical properties and
structure of TiB,-NbB, composite prepared by hot pressing. J. In-
org. Mater., 2002, 17(3): 703-707.

WYZGA P, JAWORSKA L, BUCKO M M, et al. TiB,-TiN com-
posites prepared by various sintering techniques. Int. J. Refract.
Met. H., 2013, 41(3): 571-576.

TIAN W B, KITA H, HYUGA H, et al. Synthesis, microstructure
and mechanical properties of reaction-infiltrated TiB,-SiC-Si
composites. J. Alloy. Compd., 2011, 5(9): 1819-1823.

ZHANG C P, RU H Q, HE R P, et al. Preparation and properties of
TiB,-SiC-Si composites fabricated by reaction bonding. Key Eng.
Mater., 2016, 697: 539-546.

VOYTOVYCH R, BOUGIOURI V, CALDERON N R, ef al. Re-
active infiltration of porous graphite by NiSi alloys. Acta Mater.,
2008, 56(10): 2237-2246.

WANG Y X, TAN S H, JIANG D L. The effect of porous carbon

preform and the infiltration process on the properties of reac-



508 R F32%
tion-formed SiC. Carbon, 2004, 42(8-9): 1833-1839. [23] SKOROKHOD V, KRSTIC V D. High strength-high toughness

[15] &=, MARBEFRE, 2 W Jbat: w4 Tl iRE, 1997, B,4C-TiB, composites. J. Mater: Sci. Lett., 2000, 19(3): 237-239.
173-195. [24] CHANTIKUL P, BENNISON S J, LAWN B R. Role of grain size

[16] HUMPHREYS F J. Quantitative metallography by electron back- in the strength and R-curve properties of alumina. J. Am. Ceram.
scattered diffraction. J. Microsc-oxford, 1999, 195(3): 170-185. Soc., 1990, 73(8): 2419-2427.

[17] YURKOV A L, STARCHENKO A M, SKIDAN B S. Reaction [25] SEVLE. MM EIETZR D)%, dont: FE A AL, 2001:
sintering of boron carbide. Refract. Ind. Ceram., 1989, 30(11/12): 138-141.

731-736. [26] CHOI S R, SANDERS W A, SALEM J A, et al. Young’s modulus,

[18] MOON H, KIM B, KANG S J L. Growth mechanism of strength and fracture toughness as a function of density of in situ
round-edged NbC grains in Co liquid. Acta Mater., 2001, 49(7): toughened silicon nitride with 4wt% scandia. J. Mater. Sci. Lett.,
1293-1299. 1995, 14(4): 276-278.

[19] MALLICK D, KAYAL T K, GHOSH J, et al. Development of [27] HUTCHINSON J W, SUO Z. Mixed mode cracking in layered
multi-phase B-Si-C ceramic composite by reaction sintering. Ce- materials. Adv. Appl. Mech., 1991, 29(08): 63—191.
ram. Int., 2009, 35(4): 1667-1669. [28] KING D S, FAHRENHOLTZ W G, HILMAS G E. Silicon carbide-

[20] BXAHfE. ZAEMEHE RIS T 2. b5t R4 TR titanium diboride ceramic composites. J. Eur: Ceram. Soc., 2013,
£k, 2008: 5-6. 33(s15-16): 2943-2951.

[21] ENGEL U, HUBNER H. Strength improvement of cemented car- [29] HAYUN S, DILMAN H, DARIEL M P, et al. The effect of alumi-
bides by hot isostatic pressing (HIP). J. Mater. Sci., 1978, 13(9): num on the microstructure and phase composition of boron carbide
2003-2012. infiltrated with silicon. Mater. Chem. Phys., 2009, 118(2):

[22] KRUZIC J J, SATET R L, HOFFMANN M J, et al. The utility of 490-495.

R-curves for understanding fracture toughness-strength. J. Am. Ceram. [30] RICE R W, WU C C, BOICHELT F. Hardness-grain-size relations

Soc., 2008, 91(6): 1986-1994.

in ceramics. J. Am. Ceram. Soc., 1994, 77(10): 2539-2553.



