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ZxrB,-SiC Composites Toughened by Interlocking Microstructure
and Chopped Carbon Fiber
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Abstract: ZrB,-SiC ceramics present better oxidation resistance and mechanical properties than monolithic ZrB,
ceramics. However, the small damage tolerance and poor crack growth resistance, which result in the low fracture
toughness, limit the engineering application of ZrB,-SiC ceramics. Focusing on this issue, microstructure design
and introduction of toughening phase are two effective approaches to improve the fracture toughness of ZrB,-SiC
ceramics. In this work, ZrB,-SiC and C¢/ZrB,-SiC composites were toughened respectively by interlocking micro-
structure and chopped carbon fibers via reactive hot pressing. For the ZrB,-SiC composites, the interlocking micro-
structure formed by in-situ ZrB, platelets presented excellent self-enhancing effect. The ZrB,-SiC composites had
high bending strength and fracture toughness. However, the composite exhibited typical brittle fracture characteris-
tics. Compared with ZrB,-SiC composite, the flexural strength of C¢/ZrB,-SiC composite decreased, but the fracture
toughness was comparable with the ZrB,-SiC composite. Furthermore, the critical crack size and the work of frac-

ture of C¢/ZrB,-SiC composites significantly improved, and the composite presented the non-catastrophic failure mode.

kS EH: 2018-11-28; YrEliEeaim HEA: 2019-01-22

EEWE: EXARRFEE4(51805069); A E1H 1 J5 Rl 55 4:(2016M600201, 2018T110214, 2016M601304); T 54 H R
B2 42(20170540154); #7248 F24 2E42(2016ZF63007)
National Natural Science Foundation of China (51805069); China Postdoctoral Science Foundation (2016M600201,
2018T110214, 2016M601304); Natural Science Foundation of Liaoning Province, China (20170540154); Aviation
Science Foundation of China (2016ZF63007)

e @A kIR (1990-), B, fLAF 7 L. E-mail: zhangzhaofu@mail.dlut.edu.cn

BHEE: WEZE, #3%. E-mail: jjsha@dlut.edu.cn



ER

SRICHT, & R ELBH A SR DI AT 4E N ) ZrB,-SiC & MR % 5 )12 1k g 919

Key words: ultra-high temperature ceramic; interlocking microstructure; chopped carbon fiber; ZrB,-SiC; fracture

property

AR SR A 18] RAT SR E AR IR Tk i Pud &
P ELA TR il P A S PR A2 e S5 A i A 55 A
B SR AW B 1, 88 5 iR M & (Ultra-high Tem-
perature Ceramics, UHTC)FH ROk 52 21533, Hor,
WA (ZeBo) BRI AR 1 25 B DL B AR S PR i A R 855
PERE, BONFT AR S Pam a1 . Tl K Ao BLAI)
) T L g ELTEs S g A RN, R ZiB,-SiC
R ER R, AMUEH R ZeB, P& AR
(el 1t A, T HL R I H B AR S e S A R S iR )
MRS, BONE R AT RHE 5T AT A2 B T2 S
R ZW SR, BT AR A i, (1
Z1B,-SiC FRIHAI KM AE 3.5~5.0 MPam'?, %
5y TE 8 B b 5 e B SR TR 5 3500 PR, X 4
SR ZrB,-SiC P& TARA N I 2 il —

B A P b L5 5k P B S I UM, S A
BHKIUBI R MR, ZEAWM RS —FEd
BT RS AT M, 55— o 5l NIGIAH AT
2. BRI 4 R B AL P (MB,) B & AR 5 4L,
Zhang 5PV 7 38 2k SR 1R S A KR s
I MBo 8 o P s i 45 R T I - MB, il KL %
) S P AR K T i IR B IR 1 B B I s 4, TE
AR AT AR R AT LA S| R ST S pLE], A
TR EDBEEM R SETITE . Wu 25918 T ZrB,-MoSi,
AR, RIURAL A IR ZeB, fki e & T 5
Iy B ZE R, AT LR 3 G AR TR . S
— 7, TEREM RS Bk E T, sic mait!
BJE ) AT 4P i K AR LR A, T LA R
A BTG PR, BEAR AR BB i U .
W, VIR AT 4R (Cp TE N ROR RZ 389 M, B
F i miRfR e, 5T Bl 4EmRi. i bl
MR S5 me S REBOIL A, 7T A A5 i) 5 A sl g 190 4k AR
RN, AF B3 W B A R o MR B R 5 TR — 2
e Gui SRR T 2114 7 ZrBy-SiC-Cy
HEMEL, PRI AR 7 1 71 e AP b
VERE, BEMN TAESGH 2B, 3 SR 1 He 251
FH Co BHHI 1) Co/ALOs-BN H & MHRHE B IR
Toh R R A M R ) M M AR

Rk, 7E ZrB,-SiC Pk R, IRAAE M ke
ST ALV AP WG Cy SEME &1L,
AL AT BHE B e 1 A g ft . 1R
I LA A X PR 0 O SO0 2 AR PR
KW 24T A IR, o T FAE ZeB,-SiC M & 556

B ML B R . Nk, ARHE5CR AR
PR LR E S T 24 T BA R B P ss 1
(1] ZrBy-SiC &M KL, IR 51N CoefE NG, i
#% 1 Cy/ZrB,-SiC E-AMEL, XLt 7t 1 B )i
HiK5 Cy Xt ZrB,-SiC P& & e Re sz, $R 0
T AR I

1 SRWHE

1.1 Rl &

JR AT B B A e &35 BT R F IR JEBE A ZeSip ()
KA 5 um, 4i>99%). B,C(kife N 2~3 um, 4l
FE>99%). % (KA 0.1~1.0 pm). FPIRRA4E(H
KIRWI A T700, “FHEZE 7 um, “FHKELN
I mm),

ZrB,-SiC W& e 2k 140 T SOV (1) 47

27rSi, + B,C + 3C = 2Z1B, + 4SiC (1)

0K ZrSips BoC KR A DLEE/R LK 2.72 1 1.00 : 3.00
Bokl. EETF (1), AHFFRAER A F R 5 L
T ZeSiy) ME N g Bl R4 SO (1), 4 BT
e4, WHI&RBME SRR AEE ZB,. SiC
Je ZrSiy =, HARFRE 57518 34%.46% /% 20%.
F A RS ToK QR ARAR L 12 1R G, BAAER
EERREBHET, KRR T 2R LT EKE R
&, WHEAN A WC BEER, #1488 200 r/min, BKEE
WFIAIA 12 he BREE SRS REE AR G TR &

P I8 20% R 73 URREUE B 1 Cp, K HEIE T
W Co SERE G E R R &, T2 N %k
¥ Cor MR BEA MR VAT, #8752 3T 4R 4 A
R, BENBR A INE S0 WG 5w, A5F B i
JE AR AT TR I R T T Jlie s B IR AR VR T, 2 S5 AE 3
TERRTEHE T 12T 0 N F LG BRI BR B i S A 44
Z JE 7 FE Y 30 min i Cy 5 5 R A5 51 0 80T
AR A B Je g B AR VS VR N — ity JC A B AR
MAETE Y, FFTREIRE SR &R A
82 1Y 7NN

W E A MR E AR N A S5 IR # g fp
SERR BLGesh o FRAETE B S HEE(<10 Pa) F T, &
st N 1550 °C, FHEIEE 10 ‘C/min. Hrh
£ 1300 ‘Cfri 15 min DM FE R BFEAT, 7E 1200
1300, 1400 % 1550 °C 43 #ljiti 0 20.25.30 /2 40 MPa
Bl 77, 1550 “CARIEN#K 30 min SERBRLS . S



920 T AL A R R

RFRTTE, KT & 1) ZrBy-SiC Fl Cyp #%) ZrB,-SiC
VB EE AL A 85 N ZS J Cow/ZS.
1.2 REAZE

SN S AR i 285 2R T ' A B S 3R AT
o AR 102 P I8 A i HOR A HE KR, B %
FE @ I VR A RS, F b e v BRI AR XY
B R X SR ATEH(XRD, H A XRD-6000)
XPVRA MR RE S BEAT DA 23 A1, R R S
H1.4% (FE-SEM, Nova nano SEM450)% ¥ & 22 1 A Wr
AT SIS . K A 4 DR B v 7E R S ek
e A MR 4E IGRE B2, Bkl 5 kg, TREL
BRI 10 so SR =m0 25 2l i FF it 10 25 it o 2,
WFERI RSN 2 mm x 2 mm x 25 mm, #5EE 18 mm,
IN#EGE 2 0.5 mm/min; SR HLAER 1525 (SENB)M
SEFE TR, WA RSN 2 mm x 4 mm x
25 mm, #EE 18 mm, JIEGEZ 0.05 mm/min; &
LTI g AW ) b = A

w

= 2
Vwof 24 ( )

Kb w oM R RS R TP AR R R R, T LIS
SENB M1 T 55 38 -6 % 1 2555 A il 18] £ B2 2 T
PR A Dy 5 i i 1 B ROR B A o

2 SRS

21 EEMHRIMEZKITA

Bl 15 ZS &k Cy/ZS Ea MRt 2. 1
1200 CEAF, H-FANHEI T %) 2 MPa [\ FilEkfar, &
BRI EUCEAGE RS (A XIR). 2 J5 4kt Nk
fof, PRAE AR 35 R IR B Ry, JRR I LT AR
MECEAE R B X)), #EA 1300 CLREM B, #%
Wi E 25 MPa, BFE 5B LR EHE— DM,
B PRI R AT TR B AR, (H Cow/ZS B L
HRALT ZS, HFFBEHE(C Xi). 1400 CHS, %
i FH = A 30 MPa, £ 5 S0 R B UOm, (HpE
T, ZS BUBAL R4 B0 K, C/ZS W) H B
RPED X)), 7218 B e 4 he 4 il FE (1550 °C) I
AT (40 MPa)is), FE i ZS i i 2 /i i P SeE i
FRIR B8 AR 2 B, AT PEIRIRARER 5 min /2
H i NS B B, BUB R RZ T, I
SEMBELE L FE(E XIR). MFEd Cyw/ZS 78k 115 %]
40 MPa J& FRRIE NP0 L R, SR LR R
WK, BEZEBJE 10 min 245 % NEE B B
TEBE L o

o5 34 3

1600F ATET T D E 11046

L 1100 —~
[ Temperature / o T
1400 /g// 1905 | E
(&) 1200 _~ Relative density | 80 27 4 @
= ——7S G S
s 1000 /”(‘# T TG ] 081 >
2 800 //‘(‘—‘—H Densiﬁ;astion rate g %
< e -
g / el CZS 60 2 12 g
£ 600 2= 150°% B
Q
& 400 /)1 7&,& 440 £
o 0 2
200 130 2
20 MPa 25 MPa 30 MPa 40 MPa
0 L L L L 20
0 20 40 60 80

Time / min

1 ZrB,-SiC(Z8S) . Cy/Z1B,-SiC(Cy/ZS) B &kl sk ih £k
Fig. 1  The densification curves of ZrB,-SiC(ZS) and
Cs¢/ZrB,-SiC(Cy/ZS) composites
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Table 1 Density, porosity and relative density of ZS and
Cy/ZS composites

Theoretical  Bulk Open
Sample density/

Closed Relative
density/ porosity/ porosity/ density/

(gem™)  (gem™) % % %
ZS 4.52 4.41 1.72 0.68 97.6
Cy/ZS 3.97 3.79 3.27 1.13 95.6
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Fig. 2 XRD patterns of ball-milled powder mixture and reac-
tive hot pressed composites
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ZS  (17.1£0.7) (655+21) (6.08+0.17) 0.009 149.40
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Fig. 5 Load-displacement curves of ZS and Cy/ZS compos-
ites during SENB tests
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Fig. 6 (a) Secondary electron micrograph taken from fracture
surface of ZS sample, and (b) backscattered electron micrograph of
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Fig. 7 SEM micrographs of C/ZS composites
(a) Fracture surface; (b) Matrix; (c, d) Crack propagation path
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