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Preparation of C/C-SiC Composites by PIP Method
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Abstract: Polycarbosilane (PCS) was used as raw material to prepare C/C-SiC composites by
precursor impregnation pyrolysis process (PIP). The viscosity of PCS solution with divinylbenzene
and xylene as solvent was studied. The optimum solution was chosen to impregnate the composite
and the influence of impregnation process on the density of the composite was studied. The
microstructure of the prepared C/C-SiC composites was analyzed. The results show that, when xylene
is used as solvent and the mass fraction ratio is 0.4, the PCS solution has good fluidity and high
pyrolysis yield at 35°C. Ultrasonic and vacuum impregnation can effectively improve the density and
shorten the period of C/C-SiC composites. Through nine cycles of impregnation cracking, the density
of the composites was rapidly raised to 1.85 g/cm®, with a final porosity of 12.50%. The internal
structure of the composites was dense and the mechanical properties were excellent.
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B A 2 R B P R e s 2, s A (Ma > 5). K] (—/# T > 15 min) #R4%
FRAEXT RAT 28 B SRR 5 A3 HE T IR IR B ik, 0 R S A L (R R A PR AR AP L
IREA A Z BT 2 F B BRSR L S v R  T T 35 20 R W, RSt i — B L M e S
EFEL (CIC-SIC) Wi —Fh id BB E MR H AR & 8 75 B AR HT R S p R, Hisk 4 sic
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i B A B, MR AT 2.0 glem®, (UASBREEIRG SN V4, FEMEI 12, Tt
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Te i LEAD gt e,
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Table 1 Density and open porosity of C/C flat plates examined

Sample No. Quality/g Density/ g-cm‘3 Open porosity/%
1 229.0 1.02 47.25
2 175.7 0.79 57.95
3 196.0 0.87 56.52
4 226.9 1.00 47.31

F2 ZUIEERBENf W RBER A G REE R E L
Table 2 Different mass ratios of DVB solvent and xylene solvent to PCS

Sample No. Mass ratio of DVB / PCS Mass ratio of Xylene / PCS
1 0.8 0.45
2 0.7 0.40
3 0.6 0.35

AHFFUAE R EE RS (PCS) HEB R K277, AhU R BAREUR . K H o AE T = 205
7K (DVB) %75 (46)% = 80.0%, LiZRiilW b2 TV HRAR) A H I (xylene) %55 (46fE =
99.0%, KidtEudib TR A BR AR, FECH] A F &2 B0Em (LK 2).
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(1) B L ®FEEEHFREFIN IR C/IC FHREHTIRE. K R, EIk
IRICR A A - 2SR5, I [A] 30 min ~ 60 min, MR 20 kHz ~ 40 kHz, ‘i T8 12 h ~ 24 h
Ja AT B NIRRT ) 5 MPa~8 MPa, LR8Ny 4h~8h.

(2) Wt T2 BEGEME, B4 PR\ B2 TEf, £0d 80°C fRif 3 h ~ 4 h, 150°C
fRif 3h ~4h JEEUHAT BRI, [ A0 F s 20 < aE

(3) Ml T2 K[k 5 I T AR BN B S B AR AT R i (1400°C ~ 1600°C) Ab3,
iR 1h~2h,

(4) FER=ABEN— MR RAL, EEIONEWE, TR,

1.3 MEREMIR
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DVB/PCS bl 0.4; HETT, fEPUEMREE (THF) BhiE. 120°C F, 34 DVB/PCS ittt 0.2
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21 LA AR o B AR (VA RS B S IR
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Figure 2 Variation of viscosity with temperature for
solutions with different Xylene/PCS ratios
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TR TR, AR T O FLBSUR R B S5, A AL WG BB M e 49 T B 47 42 1)), IR B R v,
AT R A AR S IR BUA R A RN, X T m S ARk i E R S B B2 3

T 750 1 7 PR B AR T M 3 TS 90 0 P 7 A I R ) SRR K A
BEE, REWINPRIETIUR R T HIEs S, BINR SR S RETERZ 18 R, i PCS il
SEATRIERRA S SR, (AR S AR AW . R, TR N 2 &k kL 16
i E, AR TREME T ECEE .

PR BN X CIC A RHE AR5 B B2 AR 3 s, H3R 3 WA, H AR H
RES AT R i B A MR A 5 AN e (4 B, 6 75 I TRDE 30 min 22 , 389 5 P 0 B0k BB KT
HHIE K F) 45 min i, Y E T 0 BOFRA B2 AR, Bk, 8 A A G R 30 min i fE.

®3 BEHMENRERENTH

Table 3 The effect of ultrasound time on the weight gain

Time / min Weight gain fraction after curing Weight gain fraction after lysis
0 22.371% 13.25%
15 26.75% 16.38%
30 30.84% 19.26%
45 31.85% 19.68%
o T o K15 Jy CIC B 75 IR 15t Rl H AR 5T 9
—e— Ultrasonic il A JE I G B A L . IR TEIR B
. OEF E FORII AN, R S R I .,
§ 14] R ARl R, R LR,
z 12| VBN 20 L P 4 1 P e R 3950 5
s - HEFRLNES . (BB SRS ERE R, R
MR RE A E. 9 MG, 246
o PPRHI B REBET 1.80 glom®, 117 A S 75 5
O et PO MLOPRIEEE I AEEE 160 glom’ AT . AV
B 5 CIC &AM B2 53 B 5 A WO, B IR T AE U6 AR DT R gk N\ 21 21 4
Figure 5 Comparison between the densities of C/C WNHEE, ETEEN BB S =R

composites before and after ultrasonic impregnation W A YR TR (IR R
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Figure 6 Variations of the density and porosity of C/C composites during 9 cycles
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SRR, BRI (K7 EARAE P9 B AL 5 S 2 T 2 1) 75 5 TR e 7 i 3 B T AR A A< ALY AR A
W TAEDFES, SRATEE AR 30 min, HARF 1.5h, IIERT 6 MPa, AEisH s 2 SR
RS GAR 1) In) R

RIS 43 )4 0.79 glem®. 0.87 g/em®. 1.00 g/em® F1 1.02 glem?® ¥ C/IC & FEFEIR (MRS
5 WAR 1), FEAHENERAT FEHTIRET, A EYISG % C/IC BaMEHER B R | % FE =
BRI R R, T E SRR UG % B . 8] 6 2t 1 25 " FARAAFE R PCS-X40 — 4R R R, &
B HAIN IR -2 9 A E B G 0% B S ALE . B 6 R FERT 4 DNEEIN, PR R
ek, SALE T REIREEROR: FEEMEVEEMIE S, SILE TS, %AENMEHRA/N, %
B EEAT AL BT AR IR : 765 A MR IR 55 7 9 0.8 g/em® ~ 1.0 gl/om? [X &) 4, %5 BE 24172 1.0
glem® JE A X AR E S8 B KA R, LR AR

2.3 C/C-SiC 1t gesRiiE

CIC-SIC &R EREFY4E 5Bk BRACKEIEAAARSS &, To R T B Ak —BR 0Tk g 8 S (1 e 20
BREFAERE I IS FUIIBOR, . T4 B H AL 43 ok P R 20, R C/C-SiC &M kLA
RIS R S3Ah, AR 4 ATLLE Y, EEARHN S MR TR R, H A BRI T
XAl P G NV Pte e SV TP TE DA LR AN o NVAA R (SVEE e i = AT = SNk (BT
N, 1S5 B

K 7 fron o CIC-SIC BRI o ai . MBI aT UG, MORIECE R R, Mk D2
ZEATE, YRR IR I3k RN, XA AT AR A R iR . FIRF AT DA L SiC A
£ CIC SEAEMRL N F B 22 2T Y] 2T 2 o8] (0 25 A FLRGIE 78 R AF

% 4 CIC-SIiC B & K% I /1 5 1 &t
Table 4 Mechanical properties of C/C-SiC composites at room temperature

Single value Average value
Tensile strength / MPa 92.4;98.8; 102; 101; 105 99.8
Bending strength / MPa 355; 332; 325; 323; 356 338
Compression strength / MPa 339; 363; 371; 341; 404 364

Bl 7 CIC-SiC & & # R | i % 14
Figure 7 SEM images of the fracture surface of C/C-SiC composites

3% %

(1) K PCS/=HIH AR R AEUSAT BTN NE R AFAOTEWR, 7E 35°C ', S LL oy 0.4 f) PCS &k
JE{E N 490 mPa-s, [RII Z4AR 7 K
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(2) FIHEEARE A INERE L ZH & 1 C/C-SIC EE Mk, il AR5 BE WA B mi i Y 4
IR BN, BN 1E] 30 min HOREREE, il (R MR A B R E, IR tERe ST .
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