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Preparation and Properties of Multi—Functional Composite Integrated With
Heat—Shielding, Insulating and Radar—Absorbing

SHI Jianjun' LI Hongyu' ZHANG Lingdong® KONG Lei' FENG Zhihai'

(1 Science and Technology on Advanced Functional Composite Laboratory ,
Aerospace Research Institute of Materials & Processing Technology, Beijing 100076)
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Abstract Based on ablative mechanism and light weighting principle, heat—shielding & insulating and radar-
absorbing composites (HRC) , which efficiently integrated the functions of thermal protection, insulation and radar
absorption in wide frequency, were prepared by sol-gel technology and resin transfer molding. SEM images showed
that wave—absorbers of multi-walled nanotube (MWNT) well dispersed in the skeletons of hybrid phenolic aerogel.
With increasing MWNT loading, the average pore diameter of HRC decreased and the mechanical properties were
largely improved. When the MWNT loading was 5. 0 wt% , compressive modulus of HRC was 1. 8 times higher than
that of HRC without MWNT addition. The introduction of MWNT wave—absorbers greatly improved radar—absorbing
performance of HRC. The reflection loss of HRC lowered —8 dB after introducing MWNT wave—absorbers between 4
GHz and 18 GHz. In addition, HRC displayed outstanding ablative and heat—insulating properties during test of arc—
jet wind tunnel. As the surface temperature of HRC reached 1700°C , temperature rise of backface with 20 mm
thickness was only 153°C and had near zero ablative recession after 400s ablating. In particularly, HRC still
possessed good radar—absorbing performance in wide range of frequency after ablation in arc—jet wind tunnel.
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Tab.1 Preparation and properties of heat—shielding & insulating and radar—absorbing composite (HRC)
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Fig.2 Micro—morphological images of HRC samples

2.3 HRCHRIFGFRE#HMERE

[7i) 2 55 %) Jig b ikt B FA B HHAH L , HRC B4 8}
PR IMEREAR A AR B AT BHY 174, B& #Av
REAS I KA R o e HRC-3 AHRHE HL 3R
PEAT B B AR RE 4% , 11 3 S U B ok =% 4% ) 26 T i
JEE R TR T i 2k, DL R T S IR AP UL
M 3 BE 2 78 B 350 M)/m® T, 48
400 s B 1hE , BB B R 2 TH IR FE HE T 1700 °CL, 20
mm J5 JE d5 KT T I TR 153°C, 2 e 1t it 52k

160
1600
120
1200
< =
800
40
0 ! ! ! 0
0 200 400 600 800

time/s
€13 HRC=3 iR e 2 i i 32 05 TR T 2
Fig. 3 Curves of surface temperature and backface temperature

rise of HRC-3 sample

0.95 pm/s, 3T “F " RFUGE D, BRI R R 4. 94
g/s, HRC AR B0 18 55 1 Bl AR BR #E BE . AL
R Beh F AT LA Bl AR R 2L, TC
HH S VAR AN AL
2.4 HRCHBIEIXREHERE
4 R AR MWNT W 38590 & 1 HRC MBHE 4
~ 18 GHz N Y SR i 4k , A & MWNT Y HRC-0 #4
Ak B B AE AT B N T T 0, 7% B H D 4Rk
R, R B W R EImAS R0
wt% ) B MWNT J&5 , HRC—1 A4} A o g W A5 1 k2
$ET, 4~18 GHz FE 3 [l PN Je KR 5 % <=5 dB, 7
13 GHz A 5 K LRGSR . B MWNT I I8
) E i A B IN, HRC MR ZE AR ) B 35 W I8k 1 g 1
Jine 24 MWNT= 3. Owt%Hf , HRC-3 #4 BH7E 4~18 GHz
FR) T A Bl P9 e K S B R <—6. 5 dB, 7E 4~9 GHz 1Y)
IR DR e e dE T, BT <10 dB,7E5.7.5 #1115
GHz Ab 1 9 5 K A9 7 3k I s, 5 2 MWNT=5. 0
wt% I, HRC—=5 F4 B} 5 451 3 Rl P4 1) 7 28 W 6 12 g i
— BTN, 7E 6 ~ 14 GHz (W) S 53 [l N, e KB %6
< —10 dB, {HAZAEARII X S 34K, 3 v] G S A Ky
it 2 B MWNT 38— 9 R 4L, i il ot NI .
HRC M A  Jsz 558 a5 S 2 B A in A MWNT I
FHAME T Y hup:/fwww.yhelgy.com  20214F %45 6 1]



BRGSO T AR B W ROR , R 4
B PAAL A MWNT B 5, HRC AR 7 1A 0
P PERE W RN, 7E 4~18 GHz By SE491 30 B N LA B
T 10 S TR U0 P R, A 22 0 R A Y R AR K ) HL i
Wk, HR i 2 MWNT B9 A 28 5 16 22 A0 B 1 <
TG I B 0 A TR s AT IX 35 TR IR U0 BE T R
[vi) Fof A0, 2 35 ORE R 1 A SR, 5 SRR B B
TR

0’:"—*—-‘—'—-—-—-—-—.——-—-‘—-*.\‘_‘/

—=— HRC-0
—e— HRC-1
—— HRC-3
—v— HRC-5
4 6 8 10 12 14 16 18
f/GHz
4 R[FEMWNT & F HRC ARG BT 2k
Fig. 4 Reflection loss curves of HRC with
different MWNT loadings

MW N'T W% 5850 ) v IR A5 20 2 5 vl PHLAB
TR AT , by — T SR 4 Y o I IR 00, A S P
b B A P RE AR AR TR R IA MK
SRUSOT 2 e il T R I R A T v L
it A 7E T HRCAPRHAY S A o Xk i IR g ok %
BJ5 B HRC=3 U AT S S 3 i % B, HRC-3 44
BHpR AT Bl wR I PR RE, WL S

0

-10 -

RL/dB

-15

1 1 1 1

4 6 8 10 12 14 16 18
f/GHz

E5  HRC-3 il H XU Bt 5 S5z 5 5 i 2k
Fig. 5 Reflection loss plot of HRC-3 sample after ablation of

arc—jet wind tunnel

TE 4~18 GHz Fe 503 [l N, Jie K Uit %8 <—5 dB,
{8 5 R HEL R R ISR AT, 6 5 RN 15 GHLz Ak 1) dpe /D Sz 3
FAUN -9 dB. 3% F= TR PR g 2 A 1 I A< M Rk A
2R S T TR O I R B A 2 AL
P BEEE A2 K 6 s , PR EEE I 5 09 7R 18
W I8 i, (EL R B o e Tl B ] A 6, B b )23 5 4
FHAE T2 htp://www.yhelgy.com  20214F 45 631

I AE—E R BRI T R G S A, AR R
MR e A R A e T T WS TS e

K6 HRC-3Hens i it 2L S SEM I8 A
Fig. 6 SEM image of charred layer for
HRC-3 sample after ablation

3 #ig

(1) 38 3 18 i AR e 2 AL Y B B4 1 1, il 4%
TR B B AN B B T RE 1) B BB R B — R
EEZ A BEHHRC) , NP B ET A Z AL AT S 254
XL AE 329~390 nm Z [A] , A4 8HE FE<0. 56 g/em®,
FEIRMFEHR<0. 11 W/(m-K),

(2)BEE MWNT & #1938 0, HRC A RH1 - 1L
PRI/ NN, LU R ARG K, R 40 8 B R PR AR o B L
AT, 24 MWNT T AR 5. 0 wi9 s, 5 45 5 B 38 i
T 40% , TR 1 80% -

(3)FrWF HRC ATBHEA 5 i (Y Bl Be FAVE RE , i
RUPAIABE T BHRE R T IR B2 15 3] 1 700 °C, T 400 s 48
TS 20 mm 5 f s TR U 153°C, 2 bk
HN0.95 wm/s.,

(4)MWNT X HRC (87 iAW I Mg e i 25, Y
HIA5. 0 wt% ) MWNT Bf HRC b4} 4~18 GHz [k
R 0 A4 FEAL % -8 dB.

(5)miRBE G 78 A 0N T e ik
JZEE MR TG B 2 FLI R EER 450 I A 5
1) DA B TS I P RE

5% ik

(1] 3200, X TG . e o A 3 S e kA B 7 [ M.
At EF7 Tl pAL, 2003.

JIANG G Q, LIU L Y. Heat transfer of hypersonic gas and
ablation thermal protection [M]. Beijing: National Defense
Industry Press, 2003.

(2] SEEEE , WR A M. BT AREE SE T/ K R A 5 1R 0]
FARCH)IM] . dbmt: FHiH A, 1991: 1-110.

WU G T, CHEN Y G. Design of thermal protection
structures//Spacecraft reentry and return technology (below)
[M]. Beijing: Aerospace Press, 1991:1-110.

e —



[3] SCHMIDT D L. Ablative polymers in aerospace
technology [J]. Journal of Macromolecular Science Part A: Pure
and Applied Chemistry, 1969, 3(3): 327-365.

[4] NATALI M, KENNY J M, TORRE L. Science and
technology of polymeric ablative materials for thermal protection
systems and propulsion devices: a review [J].
Materials Science, 2016, 84: 192-275.

(5] iy g 22, LG, 55 . UK AT BRI 97 R 48
R R B b BT S BERE L) ). BPRF TR, 2020, 48(8):
14-24.

FENG Z H, SHI J J, KONG L, et al. Research progress in

Progress in

low—density ablative materials for thermal protection system of
aerospace flight vehicles [J]. Journal of Materials Engineering,
2020, 48(8): 14-24.

(6] BRE W, SR, Wi, 55 . 25 K AT de HEABT 97
PRt ] BUREORIG R, 2017, 38(5): 311-390.

CHEN Y F, HONG C Q, HU C L, et al. Ceramic—based
thermal protection materials for aerospace vehicles (1.
Advanced Ceramics, 2017, 38(5): 311-390.

(7] EBk, EAH] . ol AT S 9 AR B o ik
JEANREH LT ). FRMA T2, 2016, 46(1): 1-6.

WANG L, WANG Y. Research progress and trend analysis
of hypersonic vehicle thermal protection technology [J].
Aerospace Materials & Technology, 2016, 46(1 ): 1-6.

(8] FRULAR, BHags , VF) 2%, 55 . Ma 4 ~ 6 ZU I 1 =5 1]
RATERMEHARBITELD ). WHLET, 2013, 33(5): 21-26.

SUY D, JING L L, XU G X, et al. Investigation on the
aeronautical material system of 4~6 mach near space vehicle[J].
Aircraft Design, 2013,33(5): 21-26.

(9] At , SRt . b P LKA 5 SR 2R B A L) ). 1=
PRk, 2019, 40(6): 114-116.

HOU J, HAN H W. Defense of hypersonic cruise missile
[J]. National Defense Technology, 2019, 40(6): 114-116.

[10] . 5 [ 50 7 ) Bl e BE A B AR e L A 52
WALT]. R S, 2019(1) : 204-221.

LUO X. The interception technology of missile defense
booster stage and its strategic influence [J]. China International
Strategy Review, 2019(1): 204-221.

[11] BRRAE. et arrpti kRS R[] AR
T, 2000, 28(10): 40-44.

ZHAO J X. Development and prospect of advanced
composite materials [J]. Journal of Materials Engineering,
2000, 28(10): 40-44.

C12] Xt , m 3, Bili 2% . 99008 S 992 By 5 i 3 e
L] SFEMKEEEA, 2010(2): 18-23.

LIU Y B, NAN Y, LU Y P. Evolvement of penetration
strategies for ballistic missile [J]. Missiles and space vehicles,
2010(2): 18-23.

[13] W~ 547 . SRS EOR LRIV 5 B
[J]. MZRFARAR, 2007(5) 2 17-22.

XIA X R, FENG J P. Recent status and tendency of stealth
technique for missile [J]. Aeronautical Science & Technology,
2007(5): 17-22.

[14] Shusa, Tk, 275 . =AM 3l XSl i
BARHORT]. FAAEL T2, 1990,18(4):34-39.

HAN H S, WANG X E, HOU Q. New material technology
in foreign missile and space field [J]. Aerospace Materials &
Technology, 1990,18(4): 34-39.

15 ] Xpmise X ZE R 36 2 e, 55 . HL R I o i S T e b
BHIMT. bt A2y ol s it 2013.

LIU S H, LIU J M, DONG X L, et al. Electromagnetic
shielding and absorbing materials [M]. Beijing: Chemical
Industry press, 2013.

[16] IEZE, £LA, Ze /N, 55 . IIE/SI0, RUA 22 BRI 15
AR ZAL B A ) f SYERE () ). W or T, 2018, 48
(10): 58-65.

SHI J J, KONG L, ZUO X B, et al. Preparation of PR/SiO,
hybrid phenolic aerogel with bicomponent gel networks[J]. Acta
Polymerica Sinica, 2018, 48(10): 58-65.

[17] DR ZE ™, FLE 45 . JE 3508 My R AR AT ALS
B e 1 v R A& S S (D). w4y F %4l 2016, 46(2)
179-186.

SHI J J, YAN J, KONG L, et al. Facile preparation and
study of the organic aerogel based on conventional phenolic resins
[J]. Acta Polymerica Sinica. , 2016, 46(2): 179-186.

[18] SUN X, GAO M, LI C, et al. Microwave absorption
characteristics of carbon nanotubes [M].
Yellampalli S, Rijeka:IntechOpen, 2011.

[19] CHOI I, KIM J G, SEO I S, et al. Radar absorbing

sandwich construction composed of CNT, PMI foam and carbon/

Carbon Nanotubes,

epoxy composite [T]. Composite Structures, 2012, 94 (9) :
3002-3008.

[20] CHENG H, XUE H, HONG C, et al. Preparation,
mechanical, thermal and ablative properties of lightweight
needled carbon fibre felt/phenolic resin aerogel composite with a
bird’s nest structure [J]. Composites Science and Technology,
2017, 140: 63-72.

[21] HU L, HE R, LEI H, et al. Carbon aerogel for
insulation applications: a review [J]. International Journal of

Thermophysics, 2019, 40(4): 39.

FHIMEIT.Z  hitp://www.yhelgy.com 20214 %564



