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Preparation and high temperature resistance of modified boron

phenolic resin with almandine micropowder

DONG Chuang , DENG Zongyi , REN Yilin , TANG Qingxiu , HUANG Zhixiong , SHI Minxian’
(School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: In view of the insufficient heat resistance and poor ablation resistance of fiber-reinforced phenolic resin

composites, island silicate mineral-almandine micropowder (AM) was used as ceramicized filler to modify the

boron phenolic resin (BPR), and the molding process was used to prepare different filler contents. AM/BPR ceramiz-

able composite material and high silica glass fiber (HSF)-AM/BPR ceramizable composite material with different

filler contents were prepared by molding process. The influence of AM on the heat resistance, ablation resistance

and mechanical properties of the boron phenolic resin system, as well as the phase transition and microscopic mor-

phology changes of the material at different temperatures were explored. The results show that as the content of AM

increases, the heat resistance of AM/BPR composites increases. A liquid phase is formed above 800°C, and a denser

ceramic layer is formed at 1 100°C, which is important for the high-temperature performance and ablation resist-

ance of the composite material. When the AM content is 50wt%, the linear ablation rate is 0.221 mm/s, and the mass
ablation rate is 0.103 g/s, which is 44.05% and 43.6% lower than that of pure BPR. When the content of AM is 40wt%,

the flexural strength of HSF-AM/BPR ceramic composites at room temperature and after high temperature treat-

ment are increased by 29% and 47.97% compared with those without filler, respectively. Its excellent heat resist-

ance, ablation resistance and mechanical properties are expected used as a thermal protection material in the

aerospace field.

W EH:

2021-05-12; f&E HEE: 2021-06-09 ; A BHA: 2021-06-18 ; MK E K RTIE: 2021-06-28 14:54:43

4B & Hidlk: https://doi.org/10.13801/j.cnki.fhclxb.20210628.001

EL£TA:
BIEEE:

5l AR

AR R QI R4 (SAST2018-067); H1 s i e SRR I 45 2 £ 15148 4> (2021-2y-001)

AT, W, B, WA S, BESE07 1 R G AR &80 E-mail: minxianshi@whut.edu.cn

#[5], MR 3, FEMOMR, 25, A A ok e PE TR BRI ) ) £ S R A RE ). = A APEEAAR, 2022, 39(6): 2698-2706.

DONG Chuang, DENG Zongyi, REN Yilin, et al. Preparation and high temperature resistance of modified boron phenolic resin with almandine
micropowder(J]. Acta Materiae Compositae Sinica, 2022, 39(6): 2698-2706(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20210628.001
https://doi.org/10.13801/j.cnki.fhclxb.20210628.001
mailto:minxianshi@whut.edu.cn

O AR A RO At B I AR A Y A v R

2699 -

Keywords: almandine micropowder; boron phenolic resin; ablation resistance; high temperature resistance;

ceramizable composites

LR AT SR R R AT, &8 223
el e P R R R A b e, S TR
TSRO Z IR, AR ARG a2,
DA 47 1 i S ATV | be TR R R S, e
ek R R A . R LR B RO B L
Py T AR i Sy A B 2 Ak B G ol b R B AR 3 )
Z NP, EAR B R AR R R R AR AR,
Hh T T 2 249, SEOU K IZ R 2
fL, B — 20 EORRL N RS R 1Y A R, DT
FEARE BRI AR, S BOLROR NI 2 )
PR R, A 2SR FITC AL SRR X 19 1 A4 i
HEATROPE L SR ST e iR b ol 1) T B e 1 1 T AR
B G R

I A 0 1 T Rl B AR R — B A
T ARY B i A i s L TEHLIEDRE i 22 A TR
A RO K AR BRI ) A B A, T BEL A
1o T UL A A2 ik o Chen S50 DL £ 4 A 3 5 A4
RE, A EE R B S ZeB, HURL K ) £ 1T R A
EAEME, TERIRAAFMNT, 2B, S &
S A ZrO, ALK SRS B,Os, TEAT R T
T B 1 P R R Ok BB il AR B %
Ding™ 4544 ZrSi, 51 A B i -y 1 52 & AR, A
R AT T 525 B R I 2 58 ot 230 0 JBiT 0 ok %
FTAE 180 B e J2 A8 RO A ] T BRI A ) AR
ft . Djugum 55"V K TaC #EHIN A 2] C/C & &
Bhef, TaC ORI AGE 52 & B4RE A 5% 5 R W 2
P, B REFE TR, ARuhin r 28
AR B TS o it 1 BE o

N T BEARRAS, TEALEUREE AT 8 A A% AR H.
W5 233 e I E R #R ¥ . Bahramian 45 M i &
T e A /BPR/ A M AR A bR S S £ /BPR/ 1
FRAT S A AR, A R 1 B+ )5 52 G A
AR ARSE PR AT B k3%, 7E 80 kW/m® Y 48 5 Hnt
T, SEEERAG /AR AT SR, A 6%
o U b B 52 IO A 8 55 PR Y AR T 4 43 )
i 7 35% H1 51%, [t i i 2k 3 0 Bl R T 22% il
40%, T E AR SR RE . He 51 L
FUE L WA . BCEERY R AR S AR A IR
Yy ok B e SEORL A TR B AR I i AR B AT
Y (HSF)/H B 5 4 JIE (BPR) & & A1 KE, AR Y
THUVECBHE B R 4T T Mg AL SO, TE T A
e, REA AR AR S BRI RN, 2

TR R RE . S AR Y TN TR
T 19 48 2 BE % BicPE BPR B KO8 R BE 4 5
28 7 BRI AR B T BPR By S8R ) 4R 43 i iR
JE, YRR 10% I, B E5R K, 45
InseEk . BUE, ORISR R IA B f K, BPR IR
BB KM RE B Ao

gi LTIk, 0 RERR ER 0T — o 2 IR Gk
RET Y Eah. Skt B EMa S,
R S R R R0 WV iR SERE A AR
B HES) B A i, SRR EE R R A
Pe HA S, MR S R A . B, AR
W 22 DL S Rk BR R 0 ) -0 1R A0 SRy (AMD)(F=2 22
B2 1053 . FesAly(SiOyg)3; HFE: 4g/em’®; HLIGAE
. 7.5-8.0; FA . 1300°C A5 A5 ) E T F Ak
FURPRMcHE BPR, HEA BB E,

AR SORE R R T 25l 48 AN R) 75 5 1% AM/BPR
A B %54k 5 A 4 BE B2 HSF-AM/BPR 1] W & ik 5 &
MR, BRITIORL B X A MR SRR L T R
Pk RE B 1 F R RE S, FEBF S AE AN RIRE T
A WAL 5% B8 0 AR SOOI 35 1 AR 4k o

1 WM BIRRIERE
1.1 FE#sl

il 5 B B4 i (BPR), 1% THC-400, Bk P KA
BH KRG WA PR W] 5 ik SR 3 £ 4t (HSF) F
9UAf, Si0, F N 97%, 1% E N 248.3 g/m?, JE
JER 02mm, BEVEEREHAMRIA R AR ARA
THky (AM)(SiO,: 36%~40%, Al,O;: 20%-~24%, FeO:
229%~24%, MgO: 8%~13%, CaO: 6%~9%, Fe,O;:
4%~6%, TiO,: 0%~0.5%, MnO: 0%-0.5%), Fife
10 pm, BRI B ES BLA R A FE ;oK 4B
(or#ral), E 28R AR R A
1.2 SEEMES&
1.2.1 AM/BPR 7] B %4652 5 A48} 4 1l 45

¥ BPRIM) A S AM#E £ 1 TIRAHA, %
J5 18l A 120 mmx80 mmx10 mm A% E H 78 -4 47 1k
Bl (VL 75 K B S5 LAk A FR 2 /], TH-6009) #4
JEMA, BAKRT 25k 120°C JC/E, 30min; 120°C
F 10 MPa, 1h; 180°C F 10 MPa, 2h; 200C
10MPa, 1h, SRFAHNEREEMREERE S5 K,
1.2.2 HSF-AM/BPR 1] fi Ak &2 4 A4k il £

H BPR By AV T[] i 2 (1) A W 5 31 BPR



-+ 2700 -

EEMRER

=1 ABAERE (AM)/MIEEEREE (BPR)
AIREXESTRIET (wt%)
Table1 Formula of almandine micropowder (AM)/boron
phenolic resin (BPR) ceramizable composites (wt%)

Sample BPR AM
1 100 0
2 80 20
3 70 30
4 60 40
5 50 50
6 40 60

W, SRJE IR 1 EL 7K AM A 2| BPR %
W, WP FE 30 min, CKF AM/BPR TR 34 5 M
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Fig.1 TG (a) and DTG (b) curves of AM/BPR ceramizable composites with different AM contents



O AR A RO At B I AR A Y A v R

+2701 -

AIF Y, 800°C HI AM MY #K H s TP, BRI iX
U J DX [8) 1) A2k 32 SOk YR T BPR 1Y 44 #% 5 800~
1200C Z 8], BPRH RSt — 2, 1200C
2 AR RR R RN 32.37% . 40.54% . 48.49%
63.94% Fl 67.78%, & & M kY 5% ik % 5 800°C #H
b AR fb AR K, AT fig & AM 1 FeO 9 48 fL 14 i 5
BPR ) 24 ff S Ak L W 2 800, @ i T Y
Ve A A T 24 A4AfL; 1 200~1 450°C
ZIE), A MBS R B FTREAL, 1450°C B 5%
% F WA 30%. 38.96%. 46.55%. 62.77% Fil
67.26%, — &M T 7E M0 XA, AM ) #AK &
FHITRAL, & AM 1 = T 19 7= 5 2466 ik )
O R HR MR B 2

BAN, mE 1) MFE2HM, EEAM &

B, A MR R R E A, [ R
RAETHEEME NGRS, LHEY AM & &N
50wt% B, &4 MR [ R e m, A HTACh R
BTEAME R EREE ML TR & &R
40wt% M EZ A MEAE TR RMEET . HREERE
B FH S, AM 42 55 BPR 5% i 3 A B4 ok i B g
o T MR R T Y P R A A B T E AR
IAN, AM B N X5 52 5 bR Y B KB 0 fil l
BN N W T BE Ty A — E BYRZIR, /D5 (0
AT —ERE LIEEEMEN The XEES
MBI E T, MBURMA R ZH, Thpw s
AN FE AR EE RS, LB AM AR I K Y 4
J& BT LAE R A W B R e fb R, &2
iE BPR 7E = i T 1 $A R A ol e 2

2 AM/BPR AIENLESHRIBAD BT

Table2 Thermal decomposition characteristics of AM/BPR ceramizable composites

Mass fraction of T

Residue yield(Carbon fixation amount)/%

max/ OC
AM/wt% 350°C 800°C 1200°C 1450°C
0 666.54 87.43(-) 16.43(-) 9.19(-) 6.19(-)
20 696.04 93.81(3.87) 35.36(2.22) 32.37(4.69) 30.00(4.89)
30 577.97 94.45(3.25) 40.55(-0.95) 40.54(3.61) 38.96(4.40)
40 663.16 95.03(2.58) 48.53(-1.33) 48.49(2.32) 46.55(2.53)
50 542.92 97.23(3.52) 63.38(5.17) 63.94(8.52) 62.77(9.29)
60 646.28 97.41(2.44) 66.88(0.31) 67.78(3.11) 67.26(4.32)

Notes: T,,,,—Temperature at which the rate of thermal mass loss is maximum; Carbon fixation amount—Difference between the actual

residue yield and the theoretical residue yield.
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Fig.2 Linear ablation rate and mass ablation rate of AM/BPR

ceramizable composites with different AM contents
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Fig.3 Surface micromorphology, EDS analysis (a) and XRD pattarns (b)

of AM/BPR ceramizable composites surface after oxyacetylene ablation
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Fig.4 Micromorphologies of AM/BPR ceramizable composites treated
at different temperatures ((a) Room temperature; (b) 800°C; (c) 1 000°C;

(d)1100°C; (e) 1200°C)
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Fig.5 XRD spectra of residual phases on the surface of AM/BPR
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ceramizable composites treated at different temperatures
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Fig.6 Flexural strength of HSF-AM/BPR ceramizable composites with
different AM contents
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ceramizable composites with 0wt% (a) and 40wt% (b) of AM (Room

temperature)
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Fig.8 Surface morphology change of HSF-AM/BPR ceramizable
composites with different AM contents after high temperature treatment
at 1 200°C for 20 min (Content of AM is 0wt%, 20wt%, 30wt%, 40wt%
and 50wt% from left to right)
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Fig.9 Micromorphologies of the surface and section of HSF-AM/BPR
ceramizable composites with 0wt% ((a)-(b)) and 40wt% ((c)-(d)) of AM
(1200°C, 20 min)
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