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Preparation and properties of fiber homogenization structure/thermal protection integrated composite
ZHU Peiyuan, GAO Shouzhen, KONG Guogqiang, LI Dayong, WANG Lei, HUANG Zhenqgiang , XU Guofen, AN Zhenhe
(Shandong Institute of Non-Metallic Materials, Jinan 250031, China)

Abstract : The development of hypersonic aircraft required higher requirements for the structural load-bearing and thermal
protection functions of materials, and the materials with load-bearing and thermal protection functions are needed. For this purpose,
a carbon fiber (CF) reinforced benzoxazine (BZ)-polyimide (CF)(CF/BZ-PI) fiber homogeneous structure/thermal protection inte-
grated laminated composite was prepared using compression molding technology, with CF/BZ as the thermal protection layer and
CF/PI as the structural layer. The influences of molding methods and curing processes on the mechanical properties of CF/BZ-PI
composites were studied, and their microstructure, fracture morphology, thermal stability, and ablation performance were tested and
characterized. The results show that pre-heating treatment of CF/PI prepreg can achieve co-curing of BZ resin and PI resin. The CF/
BZ-PI composite material prepared has the best comprehensive mechanical properties, with tensile strength, bending strength, and
interlaminar shear strength reaching 628.7, 618.5 MPa and 35.24 MPa, respectively, significantly better than CF/BZ composite
material. Its fracture morphology also confirms the bearing capacity of the CF/PI layer. In addition, the thermal decomposition start-
ing temperature of CF/BZ-PI composite is 389 °C, and the weight loss at 800 °C is only 11.8%, demonstrating good thermal stabili-
ty. Meanwhile, the mass ablation rate of CF/BZ-PI composite is 0.121 g/s, and the linear ablation rate is 0.109 mm/s, indicating
good resistance to ablation. In summary, the prepared CF/BZ-PI composite exhibits excellent mechanical properties, thermal stabili-
ty,and ablation performance, and can be used as a structural/thermal protection integrated composite material.

Keywords : structural and thermal protection integration ; polyimide ; benzoxazine ; carbon fiber ; co-curing molding
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Fig. 1 Schematic diagram of integrated composite material layering
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Fig. 6 SEM images of side and cross-section after tensile fracture of
CF/BZ-PI-3

W AR, U7 DL CF/BZ JZ Wi 244 i B IR AR B 0K, 9F
HAENF BT 432 BIBLS 5 1 CE/P1Z B 5
JEE TN A gL P A b B R, B A A BE ) B R L JF HL
TEWT LR AR SZ P TT T /IS, e AW Ak iy s I A i
WH/N PR ) ST S R TS5 A, A fr At
TR R AL KA T )24

&l 7 >4 CF/BZ-P1-3 25 [ify Wt 24 5 W 180 1% S W
$i,i08E 1 b CF/PLZ, R A CF/BZ 2. & il
CF/BZ JZ WL )2 M & A T Wi, i —E 5 2
MG CF/PLZIAWA KAWL, NG 58T A )
oL T RS, X T CE/PLZ S i
JE T A R R R, A RN T

(¢) CF/BZ section of
cross-section (x500)

(c) CF/PI section of
cross-section (x2 000)

€17 CF/BZ-PI-3 75 W45 A i i SEM &1
Fig. 7 Cross-sectional SEM images after bending fracture of
CF/BZ-PI-3

(b) CF/BZ section of
cross-section (x2 000)

{1 AR T st 1 SR 2 Aap A 3k B B 24 i I AL, LT 1%
AR AW CF/BZ JZ AR Y 5K, H2S h s J
A%, r A CF/BZ 225 Wi & . T CF/BZ 2 H
CF/PL)Z 4y i (Rl 2 A1 45 & IR F45 A BRI 2
(456 7, 25 0B 2R s 3 A A 8 0 1 A T 4k o 2
TH)ZHIE,
2.4 CF/BZ-PL A A6 ASE M5 HT

[ 8 & CF/BZ-PI-3 () TG k. CF/PIE &K}
A B PR A TR PEE (2 T 5% 1sh) A 436 °C, 800 °C 2k
RN 18.5%; CF/BZ & A M B R i #4431 B
k1371 °C, 800 °C 2K H#°h 9.3%; CF/BZ-P1-3 & & 44
HRE Y RS G I3 Mgt L BE A 389 °C, 800 °C 2k Hi R Ny
11.8%. CF/BZ & & 4 Ak 1 i 1 #453 fiff Ji BEAIR T
CF/PIE A 1K, 1H 800 °CHYI BB /D, 78 i i FR
B A B S AR BCR . CF/BZ-PI-3 B A M B2 E
T CF/PL I CF/BZ PR A BHR B i | R 1 #4701
IRIZ = T CF/BZ -G AE}, I HAR BRI W I
fi%, BA e i #ga e v o
—— CF/PI-1

—— CF/BZ-1
—— CF/BZ-PI-3

100

95+

90 -

Mass residual ratio/%

85r

80 L L L L L L |
100 200 300 400 500 600 700 800
Tempereture/°C

I8 A HPRHIG TG ik
Fig. 8 TG curves of composites
2.5 CF/BZ-PI A A4t 64 ket bk ok 57
3 1 4 CF/BZ Z A M KA1 CF/BZ-PI-3 & & 1K
(R beimPERE . PLAN IS Y A ke il BEAIR T BZ i
TERE il B2 b, CF/PLZAE 5 iR R 2 e b, ot LA
CF/BZ-P1-3 & A M R T 15 ) T 1 s Tl 3R RN 4k e
ph, F 1A LIE L, CF/PIME N CF/BZ-PI-3 E 4
FERHZE A ER 43 , 23 18 CE/BZ-PL-3 & #HRHI 2k b
iU BT R be il R R, S obe i PR BE AL, (HLRE
AR BN, CF/BZ-PI-3 [ i i ik % 5k 0.121 gfs,
F1 EAHREGERIELE

Tab.1 Ablation performance of composites

Samples Mass ablative rate/(g+s ') Linear ablative rate/(mm-s™")
CF/BZ-1 0.093 0.076
CF/BZ-PI-3 0.121 0.109
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