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Advance in investigation on mechanical properties of B,C-SiC composite ceramics

ZHANG Wei’
(Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China)

Abstract: B,C-SiC composite ceramics combine the properties of boron carbide (B,C) and silicon carbide (SiC) and
have good physical and mechanical properties. Compared with monolithic B,C ceramics, B,C-SiC composite
ceramics have improved fracture toughness. Compared with monolithic SiC ceramics, B,C-SiC composite ceramics
possess increased hardness. B,C-SiC composite ceramics are expected to replace monolithic B,C ceramics and
monolithic SiC ceramics to be widely used in engineering fields. The mechanical properties of B,C-SiC composite
ceramics are related to the particle dispersion uniformity of B,C-SiC composite powders. Meanwhile, the mechanic-
al properties of B,C-SiC composite ceramics are also influenced by their microstructure and phase composition. In
order to reduce the sintering temperature of B,C-SiC composite ceramics, sintering additives are often added to the
raw materials. The commonly used sintering additives include carbon, oxides, borides, carbides, metallic elements,
and non-metallic elements (excluding carbon). The mechanisms by which different sintering additives promote the
sintering of B,C-SiC composite ceramics vary. At the same time, these sintering additives affect the microstructure
of B,C-SiC composite ceramics, which in turn affects their mechanical properties. Based on the research results of
mechanical properties of B,C-SiC composite ceramics in recent years, the influencing factors of mechanical proper-

ties of B,C-SiC composite ceramics are summarized in this review from the aspects of B,C-SiC composite powders,
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microstructure, phase composition, and sintering additives, so as to provide a basis for the design and investigation

of B,C-SiC composite ceramics.

Keywords: boron carbide-silicon carbide; composite ceramics; mechanical property; microstructure; sintering
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Fig.1 Applications of B,C-SiC composite ceramics
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Fig.3 Mechanical properties of B,C-SiC composite ceramics produced from'*?: (a) B,C-SiC composite powders after wet ball milling;

(b) B,C-SiC composite powders after dry mixing
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Fig.4 Microstructure of fracture surfaces of B,C-50wt%SiC composite

ceramics produced from*”: (a) B,C-SiC composite powders prepared

by high-energy ball milling; (b) B,C-SiC composite powders prepared
by ball milling
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(a) Clean and clear phase boundary®; (b) Transgranular propagation mode'*”; (c) Fracture surface exhibiting rougher SiC grains®"
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2. AT L= E WS, Moradkhani il
Baharvandi®® JA 4y [ AH B¢ 45 B,C-SiC & & P& 4 i
W W 2B M S AR AR N A K. B SIC Y iR
2.5vol% 14 /il 3] 10vol%, B,C-SiC & 4 Wi & i I 24
PIPER N, X2 i F B,C I SiC P AH #IE K &R 8K
ANVCHEL, 307 B,C HAR N = A5k R 1, [ 7
SiC Uk JE L = AR AR AR TR ) o MR AP & & B,C-
SiC #H L0, A7 78 (9 R R 7 {24 80 M 5 28 4t o
W, MTIHAE T 28y RERE . FR A RN J) 38 a3 B
1R 2808 % MY K 3 = B,C-SIC &2 A W & 1 i
24900 . e, B FR AR N T BUE SiC BURL
T BT AN At LA % AE ik N R U B A 4l
RGO LY I, TS0 i R 80 B AL
— 4 & B,C-SICHE G & MW o, b,
5K EB Ay 2 N N By B,C-SiC F i | L %A 5%
R AL G B A, Ye Al Wang®® A k1%
S50 T B A 75 R oRn ST R R 45 4 6 AU ik &
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B AR 5T 4R Y B,C ORI SIC Y R R
SPIRF Gk R EE RS, B,C-SiC FH 7 AR R AR
N 713k 420 MPa, X UFBH T 5% 4k N 175 5 3 AL
il (4 A B, B,C-SiC 94K 52 G W % 1 W 24 ) 1 55
ik 5.13 MPa-m"* (BRI U] [T 235,
2.2 B,C-SiC EAMERHEAK

B,C-SiC & & Wi & 1) 1 2= M fig 5 Wi AH B AH T 2
AL, Y B,C AR EUKR T SICHE, SiC dfke
S A AE B,CHEAR s AR, 4 SiC B AR RS BOK
T B,CH, B,C & kL 43 1ii 7E SiC HE K . B,C AN
SiC WA AH Y B B . BT B0 P L ol o B AR ) 2R 4k
AEANTE, MRIGRA LN, B,C-SICEAMER I
PERE A Z KR NP AH & &= s m . [F i, B,C
1 SIC P AH 1 B 4611 5% i 25 e 235 14 Be R0 RO 45 44
TG 7] 43 5% Wi % B,C-SiC 52 & i & 1 1 - PR RE .
Witk , B,C-SiC & 4 B % 1) J1 24 Pk fig & B,C Hl SiC
PIRE 25 7 2P AR 22 5 9 AH 5% 1) 56 445 1 e R
45 1) 1) 5 G 5 5

B,C (94%) Ay 24 8 Lt 5] 155 T SiC (88%), FHit
I B,C It SiC M T EU# 4k, Wi K B,CYH
SiC 1Y Fo 19 A F T B,C-SiC & & M B i be s . 9K
B,C M # & K F SiC, HZ7EH K B,C & = (1 [F] i)
WIEIN TR R, W= EE 2R
FLEY, Cho % %44 JC & 4% 45 SiC-B,C & A i &
B,C I EL 1 I\ 1wi% 3 Jin 2] 5wi%, T <FLFW
Hahn, S3SIC-B,C & 4 P A R AR, (H 3
JNE) B,C SR A AT 7E M A AL, AT DL ) SO R
24 A e P 805y AL R & SiC-B,C B A& B %
(W 24 B ¥ . Zhang % P B 5% T A ) B,C 5 SiC
JiHEE (80 1 20, 60 : 40, 40 : 60, 20 : 80) (TG /%
5% 45 B,C-SiC & & Wi % 11 Tl W8 45 #4) F J 2% 1 g
%3 B,C-SiC & & i & LR k6 % B,C 5 SiC Jit
LAY HG S 8 OB e (8] 6),  HLH 4 IR EE A
W 2449 14 Bl B,C 5 SIiC T i L A B AR A A B
9 7E 29~33 GPa F1 3.13~3.33 MPa-m"? (J£ JE )
6 N As 1L, 4 B,C 5 SiC it & Lt b 40 : 60 B,
B,C-SiC & £ P & 11 4 G Tl 5 1 7 24 9900 4 35 e K
2 B,C & B KT 40wt% if, R R I TR KA
B,C MM & i, HidZ M fL M BEAL T B,C-SIiC
S5 B R RE RS o AN [A] T 2 0 4 TG RE R A 45 AR,
Vandeperre il Teo® % 3 JC J& 5% 4% B,C-SiC & &
Wi 25 1 44 K 1 3 B 5 B,C & 12t 20wt% 59 i 3|
80wt% Ifif 2k M 14 . i 4R B,C-SiC & A Fi & 17

FESAL, AH R T 0 oK 6 R AR B A R IR /0N
W 2 s AT LA SBE TR AL, # B4C-SiC & A Wi % 1 4
K B {1 422 3T B,C M SiC A7 X BRS B B .
4b ., Vandeperre Fl Teo®™ % ¥ JC & %% 45 B,C-SiC
55 P& A KB & B 5 B,C & i i 20wt% 3 /il
| 80wt% JL-TF- A %Ktk 24k (356~375 GPa), X & i
F B,C (467 GPa'®) il SiC (450 GPa'®) () 47 [& 1%
ZERIAR K . Az FA & 1 I 2 (LIS F BRI (E 2 iR 4
SALGIERM .

e 3 =10 pm

K6 Al B,C 5 SiC ALY B,C-SIC 5 & Mz it e R mB AR ™
(a) 80 : 20; (b)60 : 40; (c)40 : 60; (d)20 : 80
Fig.6 Morphologies of polished surface of B,C-SiC composite ceramics
with different mass ratios of B,C to SiC®: (a) 80 : 20; (b) 60 : 40;
(c) 40 : 60; (d) 20 : 80

f£ B,C-SiC & & B B he 45 i 7 56 2 0% 9 1
HF, 4K B,C 5 SiC Y L9l W A A T 42 = B,C-
SiC & & M % i B, {H AT R 2 B AR BT 24 300 1
Kegeli 55 1 f 5¢ & B B,C (19 7 A 5t 1 Owt% 3 Jil
| 15wt% AE 16 20 1k #4 H be 45 SiC-B,C & & i % 1Y
ROV 28 4, DT 384 Jonn JFL A R S il 5 . So 4 1)
% BLBE % B,C B HEh 30wt% 34 il 2] 70wt%, K
JEbe2d SiC-B,C & A W % 1 1l B W& S 38 R s (Al
T HA W W v Y Sic A b, 8L Sic-
B,C & £ M % 0 W7 24 40k 98 /)N o Yasar Al Haber!*”
FE I HL B B T e 4 I £ 1) SIC-B,C B A W& b
WAL FN AU BLS, i B,C A 2 M 10wt%
) 50wt%, SiC-B,C & A M & Mz m, H
Wi 24 . RS . SRR B R /N . Chen %Y
W5 T K B 45 B,C-SiC &2 A B % v Sic fin A &
i owt% 34 il & 20wt% X B,C-SiC & & Wi & J1 241
RERY S IR, 45 Y B,C-SIC & & Wi % i W7 24490 1k
5 i R Bl SIC A 2 1 38 g B Ok, (R
[%AIk . Tomohiro 5% % P #4 1 ke 4% B,C-SiC 2 &



.94.

EEMRER

Ve % Y BE R BE % SiC By & & i ovol% 3 i &=
50vol% 1M sk /N 5 24 SiC i A &t & 20vol% i, B,C-
SiC &2 4 P %2 1 25 iy o B AT 24 oI PE 3 e K, SIC
AR DA SR R N34 i N (B3 & i ap s
4 R, By AR K R L
AN DR TE 7 A= 118§l 4 S0 B 200 1 38 ) D PR 22
— o B4 SiC Jin A it KX T 20vol% i}, SiC 1y & ki
KM 2~3 pm ZFETHE N2 5~6 pm, A B SiC &k
W T A A BRI B BOR Y, T/ 1 B,C-
SiC & 45 Vi & 1 25 i o B2 R ALk

3%%%ﬂﬁB@&C§ﬁmﬁﬁ$ﬁ%%
22 Nn

B,C 1 SiC B A7 = i LM B HL i), AR S5 R
A1 B,C K % A A SiC Py %A H, B,C-SiC & & F
% 0 e 45 T B A X B AR, {H B,C-SIC & A M AT
MELLRRZE Eom Ak, IR Be 4l J0 AN e 25 Bl 3R 11
LT, B,C-SiC & & M % 75 22 4F 2 000°C 11 i B
TARERELE B . A T FEAK B,C-SIC B A M & 11
WA, W ERRHTIR IR Bh R . BHEr, H
F B,C-SiICHE AW &b B EZ AW . Ak
Y. Wik . ke . SRR JE 4R SRR
(Brtsbh). AIRIBess B i B,C-SIC & & P %%
5B BRI A AR 5 TR, 32 2% Bl 390 3 2o 52
Wi B,C-SiC & A i % 1 fol 0 245 #4) 28 i 52 i) L g 2%
PERE. WINBE4E BhF G, B,C-SiC & 4 B % i be gt
BL AT 43 Sy [ FH be 25 MU AH be 25 o [ AH B 45 B
T8 A WA ™4, %1 B,C-SIC & & ki & B
AR, JUHR SRR R, (HREs R E A
X VAR BE S5 T A R . ARSI, TR
FHE A, B4C-SiC & A B % 1T A8 AH XT3 A% 1 38 3
TEEA, Al TRAL AR, RFFHE
SREEINER S . S A, B,C-SIiC & 4 B % 1 by 2447
AR X AR, T I be 25 B 1A R T ik 38 L b 2
I
3.1 # (C)

B,C Al SiC JFURHE I T At A7t ferp, Ry R %
1 2% 5 % AR, 1 B,O4 T Si0,1%°7), 5 4
A AL 2 TE B,C-SIC & & b & 1Y be 4 i 72 vp 2 3 3L
anbAL AL, PRS- HBUR obe 25 Bl
B A% 76 be 2 o R bl o i 2R (1) =X (2) BBk
B,C 1 SiC Ji k2 1 19 A 4k )2 ™, AT 3% i B,C
M SIC Wy KM FRERE, FEmbedsikah ), Hiti
ik B,C-SiIC & A P & M besh . (A TERAE,

FORE ARG, HIMAET 2, S7E B,CSICHA
Wi 3 ) o PR RO A, BRI 7 25 M
2B,03(s) + 7C(s) — B4C(s) + 6CO(g) (1)
Si0x(s) +3C(s) — SiC(s) +2CO(g) (2)
H T C 7€ B,C-SiC & & ' = il N A TE B AH
i ] ¢ F /E B4C-SiC & & B % 1 [ AH b 45 Bh 71l .
CHIDITCE I i Be . MR . A 855 E =051 A
B,C-SiC B & v, $m Bk, 2=l 7 B,C-
SiC &2 A My A b IR 2wt 52 K AR SEATE R e
45 W) BE % 78 SR = B,C-SIC & A 5 K 1 b 45 1%
PE, A& IR B 4h B,C-SIC B A MR B A &
Wi 2L B0, AR RS A T R A B AR
Thévenot™ & #i W % 1} IR g 4% ¢ i B,C-SiC & &
P % 0 JC R BR S, M A&l 2.5wt% iF, B,C-
SiC & 45 W & W AR X 25 B2 95%, LT & rh AN 5 5k
Wlo T3Ah, A1 8R4 Ry — P R0 A AR 4 il 550 )
) i K PR B b ik /b B,C AT SiC ok R BRI i A P
P [E i, A8l LLAE B,C Ml SiC K RHE 1
R B B A 3 VO O A AR R R L DT e Ok M
F1. Moshtaghioun %PV f7 B 1 A Be 4 B 51 A
WL S5 B T4t B,C-SICE ARG, felia B
R 1A 22 [0) 5 5 45 400 30 7= A B I R I A
AR TRy, {2 T B,C-SICE A MER
HEA . AU NG N T B,C A SIC /Y dl AL R
~f, 33 B,C-SIC & A Wi % 1 £l 5 R0 W7 244 M %
fi%; FBt, 3480177 A Eff B,C-SICHE A
W) () s BE R R, 1 ELSS 4k T B,C b RN SiC
R TR ) N ERTA R T By Y PR 9=z |
T B,C-SiC & & W & i o A T 38 2wt% £
a1 B,C-SiC B & M e Bk e rp 7= 4k 7 &L
PG, 1RGN A7 2 B,C-SiC & & M & R I 5
) BERRAE N LS RN ZR 5 . RIS A A& B, B,C-
SiC & & B % & Bt 5 5L AH B,C 22 b B & 2R L 1Y)
APEAT A HE A B)S, B,C-SiC & A F% AR
2 FR A - D0 TE BAORE W sh A . Ik, B,C-
SICHEAMWERINGBS, HEHEXET, A%
WahRE— A MR, SOV AE PR i E
KL ARAE, 3P A A 7 o TR 85 1 S JE
AR 2= 1 45 F B RE AR AR I o Hu 85 7 78 i v 45
B Fhedh B,C-SIC & & M & ik in swiv A Ak A1 3
Wb R e, Ak %45 B,C I SIC S RE
) TR v L8 I A A DL R A T Y B, C-SIC AL T
KA mAHAER M A B IEAGE T ET L
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A5 P ROk AR L i L R AR R (] 7(a)) FdR
(B 7(b)) 5178 2480w e AL R, DT 4
B,C-SiC & & i & %) )1 24 PR g .

()

rGO pull-out

7 A swi% A8 (1GO) BEASBIFINY B,C-SiC B & PR M
AU ™, (a) ARG (b) A BMEIK
Fig.7 Crack propagation on surface of B,C-SiC composite ceramics with
sintering additive of 5wt% graphene oxide (rGO)™: (a) Graphene oxide
bridging; (b) Graphene oxide pull-out

A AN TR e e 45 B 71 1Y B,C-SIC & & B & 1)
JIFPERE LR 1,

3.2 |4

Ik S ALY B b s T AL R R e gl
FIRE 5 G A e Hpe 45 ™, 7F B,C-SiIC & & W &
SRR A7 PeE o8t Bl IS 3PS O g ) =R (]
s A A, TTE I [ A 6 G Bl R AR e 4 S
HEUFA,

A [H) A Ak W b 5 Bl 9] % B,C-SiC &2 A F & Y
F12EVERE P A R B R . Jamale F1 Kumar!™ ff
AL O5 1E 2 e 25 Bh 770 % I 21 i R 45 8 1 1 45 B,C-
SICHE & &, i T 4 0 WA ALSIO; ff
B,C-SiC & & B % 3K 159 K T 99% 1) A XF % B . H
T ALO; 1Y fifl B ik T B,C 1 SiC, 4 AL O3 i il it
H 3wt% 3% il 3| 6wt% i, B,C-SiC & A Wi % 1 if
FEWE A FEAL, (H W 2P K. W ALO; ke %
Bl 35 9 K M 2% B,C-SiC & & B & i W & ki =X, I
F B R A AR R 2 ST A . Sahin 457 7R i
HL %5 B T Be 45 B,C-SiC B & Wi % 1 48 il 5wt%Y,0;

FIYB,C, fe 3 T B,C-SiC & &P EME= L, —&
FERE 7 T B,C-SiC B A MR . Zhu 450
PAHE 1 S A0 CeO, 1 A e 45 B 70 U i 38 G 4%
25 B,C-SICEGME™T, mA Yk T B,C Fl SiC
LAk, BAFTE CeO, 5 B,C i i e v 28 (3) 7= A 1Y
1 AH CeBgo [ & CeO, ¥ fil i HH Owt% 3 hn %)
Iwt%, B,C-SiC & & Wi & 1) AH X % FE F1 g 24 M fig
e KRN, 24 CeO, TN N R 5wit%
B,C-SiC & & P % 11 F0 XiF 25 B R g =4 % BE de Ko
CeO, fit i B,C-SiC & & Wi & He 245 i ALl 247 W
M BB, RS R R A AR ALY CeBg 11 # S
% (34.0 W/(m-K)) KT B,C BT (13.2 W/(m-K)),
WA FI T L3675 55, MR R (3),
W BRI, Bs1.02C182 il B35.22C6» B
T CeBg #il B,C fvbi 2 1], 7 B,C IR Rl = A
pn A AR, SEC A SRR, DT B b 2 9K
)y [FEE, REXEE T CJE-F/M O JE 4G
JE B CO S At i = A8 T — 225 i, fEiE 79
B A% i o {H CeO, %S Il & >5wt% I, 7= 4= i §E
% CO [MRTok e wt e, 7€ B,C-SiIC Z A F&E N
I R i R A AL, B A T %
SAN, CeO, fEAR #E B,C-SIiC & 4 i % B 45 14 [m] if
Wi E TH AR, —Jrm, JEY CeBg fbki
SYAAE S FEAL AT S RS B, DT ] R
R AR, 55— T, HT CeBg BN IK
FHBOK T B,C HI SIC YA Ak 2500, S 504 A
1T BT E CeBg S kL Y R AN T3, AT
P25 B,C-SIC B A Wi & Wi 244 7% . B,C-SiCE &
W) % (A BT ML 4 CeBg Ml B,C 22 [8] B0 A ik 2 i 5
B 1 2 i 5 (1 8(a)) LA B CeBg i b 75 24 50 4 v
A 1 BB (5] 8(Db)).

(3x+1)B,C + 2xCe0, — 2xCeBg+4xCO(g) + B,Ci_y

Bess BRI JE , il N 7 A9 3 Bl YBOs. YB, (3)
®1 EEREBIREHFN B,C-SIC EAMEMN NP1k
Table1 Mechanical properties of B,C-SiC composite ceramics with different carbon sintering additives
Content of Sinterin Relative Vickers Bending Fracture Elastic
Ceramic Sintering additive sintering metho dg density/% hardness/  strength/ toughness/ modulus/ Ref.
additive/wt% /% GPa(9.8N) MPa (MPam'?) GPa
B,C-9wt%SiC  Carbon black 2 Hot-press 99.6 — 403 5.26 (SENB) — [70]
.. No No 96.6 30.3 — 6.00 (IF) —
B,C-15wt
(CASWIRSIC o phite 2 Sparkplasma g o 25.7 — 550(IF)  — (2]
B,C-15wt%SiC  Graphene oxide 5 Spark plasma 99.2 34.2 545 5.72 (IF) 444 [74]

Notes: The bending strength is measured according to three-point bending test method; SENB and IF represent that the fracture toughness
is measured according to single edge notched beam method and indentation-fracture method, respectively.
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K8 & 5wt%CeO, Be%s B B,C-SiC 5 4 M & 2= i 1y 2hac - J ),
(a) 48Ut 5 (b) ZABUFIR

Fig. 8 Crack propagation on surface of B,C-SiC composite ceramics with

sintering additive of 5wt%Ce0,™: (a) Crack deflection; (b) Crack bridging

BT LR s — b e 25 B R, Dk 2 Fob
ol 3 Fh A A W i be 4 B AR b 4l A e &b Bh )
| B,C-SiC H AP, 2=/ i 58 T ALO;-
Y,0,5 & A be &5 Bh 77 U8 i X 6 R BE 45 B,C-SiC &
G W& I ERR IS, R I ALO; Fl Y,04 7E (i
TR RN A I YR 42 65 AR A DR T R R 3h
1 I B gt - AT A% 5, R L T R R A R
S PH B,C-SiC & 45 Wi B I B 45 . 24 ALO,-Y,0; &
AR 4E B AR I 15wt% B, B,C-SiC & & H
AR R AR S 2= RE . B ALO,-Y,0; & A ke
S5 B RN B I, B,C-SIiC 4 B % ih o 1B
456 45 Sy 2F S RUHY AR A BT AKX . Jamale il
Kumar® $8 H} % Al ALO5-Y,0, 52 & B 45 Bh 77 7= 4=
14 Y A R 5 il Ji Hl 45 8 7 be 45 B,C-SIC & & M &
KBRS SR W, I H ALOs-Y,0, 24
be 25 B R AR AR S =X (4)~(7) 2 LW AR DT TE )
ALSiOs. Y,SiO,. YAIO; fil YB,% . Rocha
Melo®™® %t b T Al,05-Y,05 F1 AIN-Y,0, &2 & e 2k
Bl 3 %} JG TR B 4% B,C-SiC 4 4 P % S AL Y 2 i

2 M A5 R4S B R AR Y REAE B,C-SIC & 4 M 3L
%Ak, {5 AIN-Y,0, & & B4t Bh 5 kb AlLO0,-Y,0, &2
G % 45 Bl 7R i B 4f b {2 iF B,C-SIC & A i % 1 e
g5, MRS B S R, —J1i . AIN A] LA
A e g5 B R TE SRR R W Il B Sy — T T
AL,O4 BEAE B0 41K A0 H 8 45 4 O TR R, TR it
TE U8 N ALO5-Y,04 & 4 K8 25 Bl ¥ 1) B,C-SiC & &
Wy i v P A T 22 0 IR SIC kL, S B A ) 2
FEAIK T ¥ m AIN-Y,05 & & 52 45 Bl ¥ 9 B,C-SiC &
AP % . Zhang 55196 ALO,-La,04 & A K245 B 7
WMmB IS BCSICEAMET, miET
Al,O4 1 La,03 [ i ¥ B Y LaAlOs W AH R i T B4C-
SiC & & P % 15 4h, 0 AlLOs-La,05 & & be 4 Bl
FIXF B,C-SiC & 7 B % 7 27 M BE 1 5% el AR A 2
Zhang % ¥ ¢ 4 Al,0,4-Er,05-Si0, 3 Fl & 1L ¥ 1F
KBS BCSICHE AR EMEESBA, BT
3 A ALY AE SR T SO AR B A, R R AR
T B,C-SIC K & M & iy be 25 i BE, SE 0 1 AR be
45 . AlLO3-Er,05-Si0, & & ke 45 By 77 %F B,C-SiC &
G VB 2 M R Y S ) 1 A RO o

Al,03+Si0,; — Al SiOs5 (4)
Y,03+2Si0; — Y,Si,07 (5)
Y,03+Al,03 — 2YAIO3 (6)

7Y,03+15B4C — 14YB4+2B,05(g) + 15CO(g)  (7)

A AN A AL W) Re 25 B R Y B,C-SiC & &
B 1A RE W3R 2.

x2 FEFAEENYRENFTIK B,C-SiIC EAMERNN1F1ERE

Table 2 Mechanical properties of B,C-SiC composite ceramics with different oxide sintering additives

. . Content of . X . Vickers Bending  Fracture
X Sintering . i Sintering Relative
Ceramic additive sintering method density/% hardness/  strength/ toughness/ Ref.
additive °  GPa MPa (MPa-m'?)
. AlL,O 3wt% 99.5 35.1(3N — 5.9 (IF
B,C-10wt%SiC 273 ) Spark plasma (3N) (IF) [76]
ALO, 6Wt% 99.1 33.7(3N) — 6.5 (IF)
. No No 97.8 31.1(9.8N) — —
B,C-15vol%SiC
4mOVOLeSIL vy 0, 5wt% Sparkplasma g0 33.0(9.8N) — — [77]
No No 85.8 19.8(9.8N) 194 2.40 (SENB)
CeO, 1wt% 91.2 26.0(9.8N) 270 3.25 (SENB)
B,C-15wt%SiC
4 %SIC e, 5Wt% Pressureless — o¢ 4 32.2(9.8N) 380 432 (sEng) 78
CeO, 9wt% 93.4 27.0(9.8N) 330 4.00 (SENB)
) No No 82.8 — 307 3.72 (SENB)
B,C-9wt%SiC
4 oSl ALO4-Y,04 15wt% Pressureless g0 o — 496 457 (sEng) 181
. Al,05:Y,04(5:3, molar ratio)  10vol% 91.5 29.5(9.8N) — —
B,C-10wt%SiC
4 BSIC A\ INY,04(3:2, molar ratio)  10vol% Pressureless g, 303(9.8N) — — [83]

Note: The bending strength is measured according to three-point bending test method.
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AL A B8R e 2 i B,C-SIC B & B &
Mbedh, (A Reas BRG] A THIMYAITER,
5 % Ak B,C Fl SiC iy ki IF 78 R B i E AL 2 -
J T RG] ARG EITE, v Lk BRI Ak ) s
AL P VE A B4C-SiC & A P & i Be 4 Bh 1

TiB, ) # JI% fk R %1 (7.4x10°°C) B & K F
B,C F1 SiC [ # I ik 22 H %0, A Bk 2R B0 2k i
fifi TiB, 5 B,C 1 SiC f br 2 8] ™= A AN [] 77 [] 9 e
N 3 RN Ty, 33 SRR ) ASELRE A 2R 80 K A= A
B, ReTE & N AR, i in B,C-
SiC & A P % i Wi s ) k0%, 554, L8k TiB, 1)
fifi B Ik F B,C A1 SiC, {H TiB, i 51 A AT LA #11 fil
B,C i i B AR K, 4 R Y ROUE 45 44 fig 98 Ik #b
TiB, A B AH X B A% (1 B 3 o Yasar 55 Y6 TiB, %
T E G A R4 B,C-SICR AR, B
TiB, 1Y ¥ il 12 B Owt% 3 fin £ 20wt%, B,C-SiC &
A i % 1) Wr A =32 T H 2 T 2 (18] 9(a)) B AR
Sy dn BT 28 (1 9(b)),  HE W 2B 1 S s s
/N 24 TiB, W A 10wt% B, B,C-SiC B &
Wi 25 1) T S 40 1 3k B KB 3 &t TiB, IR N4 7
HERAR NI A 2 MRS, —E B LR
T B,C-SICE A M EMW MBI, A& FRR
JinTiB, ) B,C-SiC &%, TiB, MG N 5wit%~
15wt% I, Xf B,C-SiC & 4 Fij & 1) i B 52 M) AS f
F HME RN 20wt% i, 2% B,C-SiC &
G P& IE R . He % 78 B,C-SIC & & P & h iR
Jin 30vol%TiB,, 4% B,C. SiC Fl TiB, LA [& A1 X
AE, (H i F 5B 7R 1 ALO; Fll CaO 2% i 78
e i R A g T b B O, iRk T B,C-
SiC & & W& 8% ik . W) TiB, J5, B,C-SiCE
B W B 2R B U R 2R TR S R X, B
B MEUNTER . L0 SR B0E FE R B
ML . BEAh, Qu4E 1K ZrB, ¥ i # B,C-SiC &
G R&EH, ZrB, ¥5) 43 A 7E B,C-SIC E G R &,
TEAR #F B,C-SiC & & B & 8 45 1 [ B, b 35 42 5
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NbB, % il %] B,C-SiC & & B & ¥, B,C-SiC & &K
¥ A IS RS RE R WY 24 B P 43 il ik 35.8 GPa FlI
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TiC 5 B,C R ¥ /e i =X (8) & 4 /e hi, A i
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(a) RSN TiB,; (b) NN 5wt%TiB,

Fig.9 Crack propagation on surface of B,C-40wt%SiC composite
ceramics'®!: (a) Without addition of TiB,; (b) With addition of 5wt%TiB,

A Y TiB, 5 U8 N TiB, H A A R A9 42 3 B,C-
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JUAR %5 1980 3 3 AF 5 THC e 4% Bl 370 S T X TG B
i BCSICEGME ¥ mEi, X4
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I >12wt% 1), 33 £ TiB, #4445 34 B,C-
SiIC & & P % mALBR %, 7] B 2 &t 19 C B 2 P AR
B,C-SiC & & Wi & 1) J1 24 M e

2TiC(s) + B4C(s) — 2TiB,(s) + 3C(s) (8)
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B4C(s) + Ti(s) — TiC(s) + 4B(s) 9)
Ti(s) +2B(s) — TiB,(s) (10)
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Table 3 Mechanical properties of B,C-SiC composite ceramics with different boride or carbide sintering additives

L Contentof . = | . Vickers Bending  Fracture Elastic
X Sintering i K Sintering Relative
Ceramic additive sintering method density/% hardness/ strength/ toughness/ modulus/ Ref.
additive GPa(9.8N) MPa (MPa-m'?)  GPa
No No 99.5 29.5 — 2.39 (IF) 436
B,C-40wt%SiC  TiB, 10wt% Spark plasma  99.0 28.5 — 3.07 (IF) 427 [94]
TiB, 20wt% 98.4 23.4 — 2.96 (IF) 415
B,C-10vol%SiC  TiB, 30vol% Hot-press 99.2 32.8 858 8.21 (SENB) — [95]
B,C-10vol%SiC ~ ZrB, 30vol% Hot-press 99.7 — 612 — — [96]
TiC 3wt% 89.7 — 176 457(SENB) —
B,C-20wt%SiC  TiC 12wt% Pressureless 94.5 — 239 491 (SENB) — [98]
TiC 15wt% 92.1 — 230 4.75(SENB) —

Note: The bending strength is measured according to three-point bending test method.

St A T R B RS FLIR i LA Ti
N2 BEAL B,C-SICE A P& & Mhom ., Hit,
Ti 1E R be 25 BRI B, SR B8 B A A B TiB,, (R
R CRIGE” BLGEAL T AR O Es A BT LA
ANREdE = B,C-SiC &4 B B 1 12 1 fE .

Si & B,C-SiIC & & Mg & be 25 H i) —Fh Ak & )&
PeaE B . — 5, SifE IR T e AR A
Sy —J7 T, iR B4C BRI B ik T LA J
1) Si B B SIC, M3 ik & N SiC & &, [F]
i Sifig 5 SiC JURE & M 1Y Si0, & A fifk: #0452 1
(R (11)), K3 HBRAEALZ M H e,

Si(s) + SiO4(s) — 2Si0(g) (11)

X T Si B4t Bl 7 %t B,C-SIiC 5 & B % be 46 Pk
fiE e 72 R AR A 2 e H AT M AR BRI 4L, Du
S ool ) BB RE BE (PCS) 1E A SiC AT IR {4, LA Si
YERBREE BRI, 38 i #4545 il % B,C-SIC & &
W&, 25 kI, SiAUREHRE & B,C-SIC & A P
TR ECE R, W HAES PCS RV R B Y C UL &
B,C M AR 7= 4 SiC. P& Si s il i i 4wt% 3
TN E] 15wt%, 340y SiC 3 i B A SR S AT HL
404 T B,C dkL; R, B,C-SiC AH A 1Y T
B, FBEOAHFY BT TR, W
B 4 Ak B,C AR R o AL Si 1% S o s R o
T SIiC &R RS o St B I ASHEFEAL T B,C-SiC
AR ALE, i HL /b TR AR Y PCS
WY C, LS T B,C-SiICE A &N T
MR, AT LR Du M 1458, Sahani
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Table4 Mechanical properties of B,C-SiC composite ceramics with different metallic or
non-metallic elemental sintering additives
. X Content of . . i Vickers Bending Fracture
. Sintering . ] Sintering Relative
Ceramic additive sintering method density/% hardness/ strength/ toughness/ Ref.
additive/wt% GPa(9.8N) MPa (MPa-m'?)
B,C-50wt%SiC N.O No Pressureless 975 B 290 B [99]
Ti 3 97.6 —_ 204 —_
No No 95.4 24.0 265 4.96
B,C-15wt%SiC Si 4 Hot-press 95.8 26.4 260 5.06 [101]
Si 15 98.3 31.0 350 5.40
No No 89.0 20.0 — —
Si 2 88.0 14.0 — —
B,C-60wt%SiC Si 5 Pressureless 89.0 16.2 — — [103]
Si 10 92.0 18.1 — —
Si 20 90.0 15.0 — —
No No 94.0 28.0 — —
Si 2 94.6 22.0 — —
B,C-60wt%SiC  Si 5 Spark plasma  96.3 24.4 — — [103]
Si 10 98.0 27.8 — —
Si 20 97.0 24.0 — —

Notes: The bending strength is measured according to three-point bending test method; The fracture toughness is determined according to

indentation-fracture method.
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