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High-temperature failure characteristics of phenolic-quartz
hybrid fabrics reinforced benzoxazine composites

BIAN Liping' , XING Suli®, YIN Changping’
(1. Institute of Environmental and Operational Medicine, Tianjin 300050, China;
2. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: P-Q/BZ( Phenolic-quartz hybrid fabrics reinforced benzoxazine resin composites) were manufactured by compression molding. The
flexural properties, ablative properties, resistance to flow erosion and failure characteristics of the P-Q/BZ specimens were investigated. The
applicability of P-Q/BZ in high temperature environment was studied. Results showed that, the average flexural strength, flexural modulus and
ILSS (interlaminar shear stress) of virginal P-Q/BZ specimens were 283 MPa, 10.8 GPa and 22. 6 MPa, respectively. After 300 C thermal
treatment in N2 atmospheres: the thickness of P-Q/BZ specimens were increased by about 22% , and the flexural strength, flexural modulus and
ILSS of P-Q/BZ specimens were decreased by about 58% , 41% and 58% , respectively. After the oxyacetylene flame test, the average mass loss
rate and the linear ablative rate of P-Q/BZ specimens were 0. 048 4 g/s and —0. 081 mm/s, respectively. No delamination of the P-Q/BZ
composites were observed but the microstructure of the char layer delaminated severely, the carbonaceous residue blocks which were produced by
the phenolic fiber and the resin matrix were attached badly to the quartz fibers. The resistance to heat-flow erosion of the P-Q/BZ specimen was
significantly affected, and the mass loss of the P-Q/BZ composite was about 59% after the exhaust plume ablative test with a small liquid motor.
Pyrolysis expansion problem of the P-Q/BZ composites is in need of a solution and the resistance to heat-flow erosion of this composites is in demand
of improvement as well.

Keywords: benzoxazine; hybrid fabric; flexural properties; ablation property; resistance to heat-flow erosion

VIR S 4E A JE 4T 4E 3 s W 1R ( Glass Fiber
Reinforced Polymer, GFRP) {03 i) B & ¥y Jk i
BRI AT A AR B I P T P AT R A | L g
FRATAR IR I Aty v, BEE QAT g R A 42
B INARPREE Y 5 5 52 2%, GFRP & & 41k
HUAIRAE I AL PO BE 155 , B Pk 4T 44
SR AR C/C B RE, C/SIC 2RI

«  UeFsEHE:2018 — 11 -29
E£TH : HKARFHE A % BT H (51403235)

GFRP S5 APRHEAT 5 T BRI T J) 393 e AR
PEREAF S5 5 AL, 72 F AR 8 L A I ] K
AR 26 T A ST 0 I RS S D OV VRS i TR o

PR R RS GERP Bt b ) Hh i) 3 22
RGBT , e B AN IR R R B O K 55 1 6 52 56
o AIFREVER IR A i e T e U SR 1
SRR RSB AE M AL, H HL U s O 3R B

EE R - (1985—) 4o, R, BI PRI 61, 181, E-mail : bmoglp@ 126. com



98- e AN o 4

542

RERI G , 28 a7 (8] i A b Jo /N o3 w7 R
T, 1A F A B A RR S 0 239, S LA b i Sy i
PRI A RPRHLIR AR, PERE B IR o wak
B ARITFREGERS NIRRT e 1o 52 5 4 R AR R
SRR, I T 3 2 I W A i
TR B T T RS, IFHUS T — R I AL
Feo SRRAEC MUK A MA BRI LS A
Ng, LA B g 1% 8 455 U ( Resin Transfer Molding,
RTM) I 20 B0 24 Btk £F 4 52 & b BHFL B R AU
0.23% S EREME R o I8P B g %2R
TSR AR 1Y L 2P RE , I AH SR ] 55 Bl #iy/
WA R — A A B A R S . R
il A 1A/ AT RE R R i S M R (HTES L
Fedeade b e, CRE 3™ Y O 2 TRl AR
Hu 2 1 AR B o

PR IELT4E T 1968 4E 95 Ay H 19 2 — il
FFHH R AR ok AR B AL S AP BT, ] 25 IR
P AT BTl AT A 1 I R A R R
TERR AT T IR AT 4R TR BB W), RE B 92 = 2
AR Bk e RE " T BRI AN, ARk LT 4
FA LG, Ty 2T 4 7% PR BHAR TR 4 S AR L) S
P AR A B A L, ol AR BTy 3 45 ) O T 5 |
AR A/ NS 55 BRI T 4 5 5 b R T2
R 1.26 g/em’, J Tow H R HO R H R RE 5
TR S A I TE — 0 9 S S — Sk TR AReT
YA MRV Sy B R 1.46 g/em® HI 1,54 g/
em’ (HIFR L B RE SR 5 28 H A SR BT
G T AR A £ 5/ B0 1 A bR R R
AT I LT AR s A, FEbe it R b, U AR B ¢
BB By LT 4 o 5 BR W) N Rl BT 4EAH B
BL T — R B S SR S48, TERRAR A AR %
{18 i) A S50 il T 1 A 0/ T T 52 5 b LR 1k )
JZE IR

ARCAEZ AT TR bR Bt 4E 5 | A
Yo/ FIFNEGRIE S APRHMA R TR BRI A R0 TR0
oo/ RIFRERI G A RHRE I I3 2 1 [, A5 %
/NIRRT BRI A AR, DI T 25 R 1y
M — g/ FR I R TR R T 4k & A b RHARE B 5T
TIZRRER ) 2 PERE R B8 T 1 B A I ik P RE
IINTIZARMA R AL R AR T Y F 2R
1 SKIERSY
1.1 R R &

ASCAH T MBI ERE A i ( BenZoxazine

BZ) )1 A g it sl A5 0F B OMIR B 1
PR B L 130 C/4 h +140 C/3 h +

160 °C/1 h +180 C/1 h +235 °C/1 h, WS — £
TRLF e -S04 H BT S 2 A BR A ) St
BUV-LUAT 1Y By B 2T 48 5 0 D21 4 22 o AR Ol
30 tex, I I EL g 10 1, - SUA % 2
175 g/m’ SFQUA 2] Al o2 5. o, B L
At (R n 44 - Kynol ) gy H A ZRFFAL T3k o

e — A0 B/ A0 g g (fRiiC oy P-Q/BZ) iR
WY B RN S B R 2 %5 . BZ WARTE
AT W T o A A o R b (5T &
100 : 30) . G HARHE Ak EE [F] BZ IRIEAA,
ArAZEIN 6 h 18 h B 1 MPa #13 MPa J&
J1o P-Q/BZ G A M ERAREE L N 1.36 g/cm’,
TR YRS B 41% 55 BRI 1.8%
1.2 Mik7%

1= TGA/DSC 1 — 1100SF ( Mettler ) 4 4% 5 4
BrAC I N, o BZ AR i 35 4R 5 12 2T 4 179 4
FERAT N o UL Y B O 2 L 2 1000 °C, THELHEA
10 °C/min, 7E3CRE A9 9) 46 PR IR BE (7)) (W (EL AR
FRIRLIE (T, ) AR 45 RO (T, ) AT B 3
2k FRas

¥ P-Q/BZ G MORHEAE S Ry 3 41, Hirh 2
73 I AE 300 °C Fl 550 C B N, 4R o A
15 min, EH R H1, AL OTL - 1200 7 954 X
I GRS R AR B3A FRA ) 2 G Ak
11425 5 B A MR AR S GB/T 1449 —2005 42
PRy = S AR A s S5 B RHY 2 8] BT 1) 5 B2
(InterLaminar Shear Stress, ILSS) #8 {& & FrFp v
I1SO 14130 1997 $E AL kg B BT Y13 445 . A
PIEIR A 58 T3 ) A7 T 100 21 4 J5 1), SR gAY
s WDW — 100 BYHL - J7 RESEHAIL

ARl GIB323 96 A SRV & - A
Yakeih P RE , 5256 & . DR6130 (i BUR T ks % 1Y
a A RATD) o KA R g A 5 h
AR BT Rl PERE , TR R KA AT 8 F 50
SRR /N R (R S LI O £ s i R
PIEI B 877 10 P47 TR I 4ET7 1] o

K FET Quanta 200 %147 & 5494l v 5 A3k
% (Scanning Electron Microscopy, SEM ) W23 E
eI, 1R R TH < Ab

2 HRES

2.1 BZ WBESEREELT 4EFAMR DT

B 1k M £ 4t 5 BZ R 1 #4053 ith
o Mz T UARAS 1R B w0 46 P I B2 L 0
(B3 fif I B DA B G i AR 5 R B B . e



3 )

WIS 55 S — A DR AR LT ARG SR ORIV R A S AP R i SRR $99-

BARELTHER) T\ T, A1 T, 435 %575 416 C 500 C
792 C IIREIEFEI 2078 376 °C . BZ WHARHY
T, T, F1 T, 53301294 295 °C 399 C 1 624 °C , 4
IR EE VO B 200 329 °C . | L B AT AT, 5 Fh A4 R
R AR 1 o 2 A A AR, A AR Uk B8 0 A A
BZ 1 B AR 22 , S0 T B 21 4E #4f#% 5 72400 ~
600 °C 5 Fil N W I 2T 4t 5 BZ B 534 & A FASik S
N, A BRI BE HL & X HAE 500 C 24y, BZ i
B By LT 2 1 Btk S L R B, By RE 4T 4E 5 BZ
Y A 2 [ e 74 A 0 T i

0.00

9]
o
&
=
s
|
g
e
#

AR
-0.20 AITEER g

0 100 200 300 400 500 600 700 800 900 1000
i i/ C

FL 2T AR AN WS R I A4 A B30 T 26
Fig.1 Derivative thermo-gravimetry curves of

phenolic fibers and benzoxazine resin
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Tab.1 Thickness and mechanical properties for P-Q/BZ

hybrid composites before and after thermal treatment
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Fig.2 Flexural fractographs of P-Q/BZ hybrid composites

before and after thermal treatment in N,
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Fig.3 P-Q/BZ specimen after the oxyacetylene flame test
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Fig.4 SEM images of the surfaces of P-Q/BZ

specimen after the oxyacetylene flam test
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Fig.5 P-Q/BZ specimen after the

exhaust plume ablative
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Fig.6  Microstructure of P-Q/BZ specimen at high

heat flux after the exhaust plume ablative test
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