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(1 BSPUR TR R Bl 5 TR AR, i1 430070 5 2. AUatBUN B = AR RA BRA R, Jbat  102101)

FEE : h 4R & BB R A 0 At Z Rt e e R AL AT B 69 ) S AL i T A 28 R SRk R SR B B R o A Am
ZANACAR (TiB,) AUAALH & T Brdd / TiB, R AL aMA, BFR T KL e Ate i 424242 1000°C T 2 a7
G WIILE M, VAR R Rl 69 TiB, Bt -8 sl R oM FH e ot sk gk L MEAT )G A SRk ey o, S REAN, Hm
) TiB, Bk I+ TR AEAL 5| N2 B BEAT S 49 2T 45 7 A2 2 468 5 By B A i 2L AR th 09 A R AR L A RALE R B,
WA BAAR P8 C Ao O L E BRI AL A LT T8 A TiO, S B A8 = 4 , A MR 5 T BB/ R0 B R B LB JE W
H A, A& TiB, 22638 XK I M E R FE AR BTG R E B RS R AL T iR E ) 2
Lot PR MG RE LR AR R, K TiB, A E A 30 it B R I A AHE 1000°C T 5142 = 4 o 5%
BB VLIRS RE AT W0k T 5 AL BN B A EHE B T 39.2%,76.5% F7 43.9%.,

KB BB ZAAAK; R AL AR R R R
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Preparation and Properties of Phenolic Foams Reinforced with TiB, Particles
Liu Tianxiang', Shi Minxian', Ding Jie'; Yao Yalin>, Zhu Wei’, Huang Zhixiong'
(1. School of Materials Science and Engineering, Wuhan University of Technolgy, Wuhan 430070, China ;
2. Beijing Composite Materials Co. Ltd., Beijing 102101, China)

Abstract : In order to improve high-temperature resistance of phenolic foams and their mechanical properties before and after
high-temperature pyrolysis, phenolic / TiB, foam composites were prepared by physical blending method with TiB, particles. The
curing process of the foam composite and its microstructure before and after pyrolysis at 1 000°C were studied. Effects of TiB, con-
tent on thermal physical properties and mechanical properties before and after pyrolysis at 1 000°C of the foam composites were also
investigated. The results show that TiB, particles can not be introduced into molecular chains of phenolic resin but induces oxidation-
reduction reaction with pyrolysis oxygenic volatiles derived from phenolic resin at high temperature, which can absorb and transform
the carbon and oxygen elements into amorphous carbon and TiO, and increase the char yield and the strength of pyrolysis products.
With the increase of TiB, contents, the char yield and the specific compressive strength and specific blending strength before and af-
ter pyrolysis are increased, the strengths after pyrolysis are improved more obviously. When the content of TiB, is 30 phr, the char
yield, specific compressive strength and specific blending strength of the pyrolysis foam composite residues at 1 000°C are increased
by 39.2%,76.5% and 43.9% compared with those of pure phenolic foam.

Keywords : phenolic foam ; TiB, ; pyrolysis ; residue yield ; specific strength
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TR AL, I P 18 96 VR B2 45 A A i o s 1 L %
1o R S F S () 2 M RE X T HLRE AR T bR 5 1 A& kK
LKt G R HR SRR B B L

TiB, WUk —F 52 P TCALEEDR}, & REAE & T
5 E R R A E RN, — 7 T AR RO A
T A LA T AR 114 R A 28, 53— Ty T ] LA
AR R TR S IS A SR R RS Y, W B 5 R
RHGBRIRFIRT K BE ™, 2838 R & B I i
KPR, TiB, Ok A JCHLIG 5 ER}, il 5 T — it
LR H 28 =R be i 240 5 T A — i AR
S IR R S MR BFSE T TiB, FURL & X
P YU [ Ak A R o T AL A T R R ) 2 BB P 52
B, RIEF 30T T TiB, UL By 1 IR A MR
o ik o J 5 B Tn R B LB
1.1 ZEA#

AT R WL EERT G « [ 5 & 75%~79% , Zh 2 000
~3000 mPa - s, LR THEIMIEABR AR ;

TG P kI 80 « A b4l [ 2 4E Al £k A
RAAERR A

TiB, Fkr . 4l = 98% , kifd4-8um; 1 ffis
T BRA F 5

[i] £ TR T AR R < 3B 4l T 24548 AT AR 2
FIA BRAF 5

R IE e A A4l ik 36.1°C, [ 254 1A
A R A
1.2 EBRNBLHEE

HL B FE RS : GZ-120S AL, b i I AU A8 A PR
NGB

AL . KQ—200KDE AU, B LTl 8 7 A o
FBRAF

MR ALHL: QLB-D / Q B, mg sl SBHLA

R GSL-1100X-S B, & B R SR A
HBRAFL

B eIl . 810 AU, 35 [ e A 7 5

i B I 7R B 2T A8 5 3% (FTIR) 1Y : Nicolet 6700
I, 6 E AT

HHl o T TS (SEM) : JISM-IT300 %!, H 7
N S A

X 4477 45 ( XRD) 1% : D8 Advance #Y, f [ 1f
S T/AE

R (TG)- 22 /R F 2 #4 (DSC) £ A #4
A3 HT T REIBE AN . STA449F3 U 76k [ i B/ ]

1.3 B /TiB, 0K 2 o4 eh ) &

LB R I B R 100 43, 43 IFRE 0, 10,20,
30 53 /9 TiB, UKL 2] 1 BRI b, A 4 4 3%
TR 6 P 55 .8 Ay & o 80 v s A P 10 min Ji5 8 75 Ak
10 min ; FJ5 A 10 £ BT, 76 2 0 T e
Fidk 1 min J5EIALMALER KR A 70°CRIF
WERAEAL L, B4k 1 h, SRS HHEE] 150°C, 5 4k
2 h W ADJBASE, B AS M EE / TiB, MR 2 A Ak
WFE. &0 4 iR 5heE T-0, T-10, T-20,
T-30, X} Al TiB, & (0, 10,20 73H1 30 43 ).
1.4 BB /TiB, AL SMAE SR 5L

Bl 45 1 — RPN ERIEE / TiB, WK AR
L R T A, PR 10°C / min, HE
IRTFZ 1000°C, FH-7E 1000°C R {43 10 min, & i
P N, AU
1.5 X5 R4

() AZEAG 4T

KV FTIR X4tk 2 & Bk 454, 14
715 FE A 400 <4000 em™',

P S I AU TR B 5 A R 23 S 7 VA
Hh PRI T TR 28 L 2S 4 S5 ] SEM XTI IR . &
MRH O S5 A TSI TR IR

i XRD IR I G b L 2468 2 5 1) 5% B
YA T 53T

(2) PRI

HWIKE SR B R M % GB /T 6343-2009
M

WIKE GA RS IR HE GB /T 8812-2007
MR, JE 46 58 B2 4% GB /T 8813-2008 4, i 2%
FH 1 mm/mine AL IR S ARG U
5 O 5 B Y S, TR 4 o B NS i s A AR
L35 FEE 0 LU AR, B Lb A 5 B R L 25 s B, B R
MPa- g - cm’,

(3) TG 43#fr -

SRR 15 mL / min, B, THE#E %
5°C /min, HEREFAZE 1000°C,
2 #R5ie
2.1 AL ST

Bl 1 AN [F] TiB, kL 7 5t 1Y B Y IR 2 5 4
ALY SEM HE F. I 1 AT LIA 3, TiB, Pk 5 i
FERS R AR 2 PE R AF. th IR TiB, BUkR AR 48
/N, B 280k i sl 1 5 R i b B, TiB, FURLRE S
BI5) AR AE B WA B S A4 b, X I I vt TR A 31 T 3
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HTK 2000 4% : d—T-10 ; e—T-20 ; —T-30
Bl 1 AR TiB, £ &I BRERE SR SEM iR
2.2 FTIR %47
P12 Sy 4 1 B 6L UK AR5 S A 6] 35 & TiB,
B L TR S5 AR FTIR 3514

— N W
(=) [y )

—
(=)

S

3418
2

4000 3500 3000 ;5;;0 2000 1500 1000 500
S
E 2 AR AR RIS TE] TiB, & & A By R
HHMEH FTIR 5 &

H &1 2 AT DL S, 2 M I e DR R A2 K [ 1k
10 N VAR S0 Sl S 8 N 8 L7 N e L 2 W
HHZ B E R . 3418 cm™ bl Ph—OH HYHR SN
W Wicide (Ph ARFARTE ), TV 5 T 58 356 P IR A i — i
£ 3590 ~ 3610 cm™, U6 B IZ LA R B 11 187 25
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FEASTR] TiB, & &2 1 B 8 300 IR &2 & M RHEE N,
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HORKMEE BT, T 10% B i IR i T-0
1) 415°C _FFF 3 T-30 (9 459°C, 4255 T 10.6% ; 1
600 °C T 4 4% # 1 T-0 ¥ 63.8% 14 /il 1) T-30 1
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B3] T-30 ) 79.6%, 12 =8N 39.2%.,
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TR, 2 Py AT A b e Ay S g A (R TRLE Ry 455°C T
TPy RS 9 VA A A5 R ) e s ik e L VRLIE A 459C
P 432, B TiB, JURL A I I A AE$R 2 1
LA AR 2L R AR . &5 5 D 2, mT LUSE
TiB, MR AR REYE S | A BB AR 0 2 FHE
JITAARAS BE4E o T PR T R A R A e 4 R i 24
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AR e BRI b . IR A E] 700°C LA L
I, AR — 24l Ak, A B e . BRI
FARHEE Al R TEALEE R | e T I TC ML 184 58 1 e
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(14) ¢ L2880 88 | b s 20 i P58 R 251l i 0 S 49 R )
¥, 4 TiB, BBk 30% B, M |
57 5 R EL S 5 P AR e R, 8 T-0 43l 4t 1
38.7%,5.93% H1 13.3%. [n] By & 76 K 44 8 oo A
TiB, A, 78 [ fb it 78 v & 050 2 S 7E TiB, Ji [l
B A T RAALA A R SR B LA
AN, TS 2B / TiB, LR R Y 26 WL 2% Ji 185
s EE I
F1 AF TiB, &8 THERKE & H BRI EENRE

kR ?%X%%TE} / ttl%%ﬁ?%fﬁ /3 H:'%“lll[éi%f}% /3
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T-0 0.124+0.019 3.71 £0.04 4.52+0.04
T-10 0.143+£0.012 3.85+0.06 4.83 +0.08
T-20 0:155 £0.015 3.87£0.04 5.03+0.06
T-30 0.172+0.010 3.93+0.05 5.12+0.07

AN TiB, i N A HRE 1000°C 2467
Je VR R J3E | b 0 56 R L 25 e 3 G 5% 2 BT
o HIFE2 AT LUK IR, BE TiB, kL& a8 0, 1
TR AL R4 = W 1 2% B L B 0 5 B R LS iy
o8 A AR TG O, LS A T AH LL , BT R R
. ik T-10, T—20, T-30 2L ™ 1 1Y L & 45 1
JE ARSI T-0 $2 55 1 53.0%,67.8% 1 76.5%, 25
Hi 58 B 20 ) EE T-0 380 T 24.8%, 34.8% Fl1 43.9%.
T A R A Iy P 0 VK 2 5 B REEE 1000 °CTF 4 i)
TiB, MUk By R g 240 7= 15 0 SR & A R, K
T 945 e Wk I e, i I / TiB, WK A 4k
{147k e 25 B I8 1 v, JE 28t 7 0 110 22 P85 TRk 32 A

ZHahn.

*®2 7A[E TiB, &8 THEA*E MR ERNEEMRE
_— QEXJ”L%V% / Ll:)i?‘ﬁ’?%ﬁ? /3 L‘lﬁ%ﬂﬂ?ﬁﬁ? /3
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