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Research on Low—density Ablative and Thermal Protection Coating for
Reusable Aircraft

YAN Xue GAO Chao DU Baoxian HE Chen LIU Jianning ZENG Yibing
(Aerospace Research Institute of Materials & Processing Technology , Beijing  100076)
Abstract The silazane compounds was synthesized through convenient and efficient method. Using it as a

curing agent, lightweight components and ablative dimensional components were studied separately. Finally, a low—
density heat—resistant coating for reusable aircraft with excellent thermal stability, high dimensional stability at high
temperatures and good ablation resistance was obtained. The results indicates that the density and mass retention rate
of the heat—resistant coating tend to stabilize after a finite number of static ablations, and the mechanical properties
meet the usage requirements. The coating has undergone up to 10 times of quartz lamp ablation assessments, and its
thermal insulation performance has remained unchanged. In addition, after 5 times wind tunnel ablation
assessments, ablation resistance and thermal insulation performance of heat-resistanct coating has remained

unchanged, which shows that heat—resistant coating can still provide good thermal protection for aircraft after a finite

number of repeated use.
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Fig. 1  Characterization of molecular structure of silazane compounds
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Fig.2 TG curves of new matrix and traditional silicone rubber
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Fig. 11 XRD patterns of the coating before and after ablation
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Fig. 13 Images of different coatings after wind tunnel experiments

() SIKHBIZIEH

K14 BRIz HEZ AR

Fig. 14  Results of repeated wind tunnel experiments

FHIMEIT.Z  hitp://www.yhclgy.com 20244 5524



HE— 25 1, X iR JE AR AT E IR A b
W R R T2 Kb SRS 14, 225
YRk FEEE IR IR T 2740 T 100 “CLAY, TG it 35 i
Bl 28 5 R Be i, U J2 BB i IR, R 1A AS bk
FIFR R R AR P, U6 E R )2 00 b ol B A
e PUbeihMERETT F R . L 25 A0, B R Z 7]
DL AR5 4 H A E AR A P BR B oK o

FI B 5 53T T 48 1.5 IR AR 48 fikt
J& , B R R OB S, S5 R R 15, TRES
T AN [ B o, BT S AR R, A H 30 B 8 e

() 1UCBERTS OIS (b) SUCHEIS RO
BSR4 4 P B R A

Fig. 15 SEM images of specimens after wind tunnel experiments

3 g

(1) 38 3 — 7 S0 S5 AT AN L S0 5 T K B 7
il & T RERACS W, I DL 0998 20K Si-N 254
SIARERR I 65 , A AR T R R L ml g s v
A REAR I BB, BT T R IR 2 R AR AR
R 53 fife ek B R e i b il e

(2) 1) FH B 355 225 0 T 8K R B 358 2 4 % U 2 AT
PERE AR, IR15 T 27 G PR A8 B 4r it R (IR %% 2 B A 0k
2. ZIBIEE 5K 600 ‘C/15 min DR B4
RIFI 15 e, MR A 4 (A 4Eg e IR 3L 2 &
BE I ER A A S WA B A AR 3 Pk

QA ARREL Z %, BiIR Z b bi
B Rk B 2 ORI R AT, AT SRR . B RIR R &l
IS 10 YA e kT o A e il , FEOR TR T 2 &
RAF; 205 5 WRIRH 4%, U )2 OB A TG 8. 2 72 4k,
TGS R AT, e 1H JC A R TGk, R T
BT E A R -

(4) G LAV xR 2 E Tl ER
i AT A AR FR BT AR 4

S 2k

(1] P % . 61 5 o AT 5 & {1 3 28 4 0 BOR i Jre
[J]. HEHIK,2001(7):18-21,25.

SUN Guangbo. Technical progress of advanced reusable
launch vehicles in the united states [J]. China Aerospace, 2001
(7):18-21,25.

[2] ESSER B, Barcena J, KUHN M, et al. Innovative
— 100 —

thermal management concepts and materials solutions for future
space vehicles [J]. Journal of Spacecraft and Rockets, 2016,
536:1051-1061.

(3] FhJRIE . v i RAT AR e A PR s () ). s
Fl2H A ,2008(3) :13-16.

SUN Zhaohu. The issues of aerodynamic heating and
thermal protection of hypersonic flight vehicle [J]. Aeronautical
Science & Technology,2008(3) : 13-16.

(4] FIENAE, 5REWE . WA AT A fdf AR P RIS
PERES L] AR 58 /R, 2019,40(5) :27-40.

ZHOU Yinjia, ZHANG Zhixian. Research progress and
applications of reusable thermal protection technology for
spacecraft [ ] ]. Spacecraft Recovery & Remote Sensing, 2019, 40
(5):27-40.

(5] SR EE . il K s i il B BABE Bk 2 i s 1k mE P i 72
] TR T2, 1992(4) : 22-26.

WU Guoting. High temperature insulation materials for
spacecraft and ways to improve their performance[J]. Aerospace
Materials & Technology , 1992(4) :22-26.

[6] KUMAR S, MAHULIKAR S P. Selection of materials
and design of multilzyer lightweight passive thermal  protection
system [J]. Journal of Thermal Science and Engineering
Applications, 2016,8(2):021003.

[7] MOSES P L,RAUSCH V L,NGUYEN L T, et al. NASA
hypersonic flight demonstrators—overview, status, and future
plans[J]. Acta Astronautica, 2004,55(3-9):619-630.

(8] B2l , J5 75 BRI A . n] H A2 A ARy bR
B SRTFERE LT ). fitas 2741, 2020,41(12) : 6-40.

HUANG Hongyan, SU Lijun, LEI Chaoshuai, et al.
Resuable thermal protective materials: application and research
progress [J]. Acta Aeronautica et Astronautica Sinica, 2020, 41
(12) :6-40.

[9] HUANG J, YAO W X. High-temperature mechanical
properties of strain isolation pad for thermal protection system
[J]. Journal of Spacecraft and Rockets, 2018,55(4) ; 848-855.

[10] JENKINS D R. Protecting the body: the orbiter’ s
thermal protection system, in space shuttle legacy[M]. Reston:
AAIA, 2014:111-135.

[11] HE C,LI B,REN Y, et al. How the crosslinking agent
influences the thermal stability of RTV phenyl silicone rubber
[J]. Materials, DOI: 10.3390/ma12010088,2018,12(1) : 1-13.

[12] BV I BHER, £45 5. fEALE YR 4
B R 73 2 BB A REAR I RO AR EPE LT . & U Tl
1993(4):230-231.

WANG Qingzheng, XIE Zemin, WANG Jinting, et al. Thermal
stability of condensed two component room temperature vulcanized

silicone rubber crosslinked with silicon nitride compounds [J]. China

FHIMEIT.Z  hitp://www.yhelgy.com 20244 5524



Synthetic Rubber Industry,1993(4) :230-231.

[13] NARULA C K, CZUBAROW P, SEYFERTH D. Poly
(borazinylamine ) : An excellent precursor for the preparation of
low volume fraction metal-matrix composites containing metal
borides and nitrides an ceramic phase [J]. Journal of Materials
Science, 1998(33):1389-1397

[14] CHEN Wanjuan, ZENG Xingrong, LAI Xuejun, et
al. Synergistic effect and mechanism of platinum catalyst
andnitrogen—containing silane on the thermal stability of silicone
rubber[J]. Thermochimica Acta, 2016(632):1-9.

(15 ] BRGE, R 8% . J 2T AERbom ik AR RS LB b1
BHIFTEL) ] AR T HR,1997(4) : 61-64.

ZHAO Fengqi, WANG Xinhua, BAO Guanling. Research
on short fiber reinforced silicone rubber coating material [J].
Journal of Solid Rocket Technology,1997(4) : 61-64.

[16] iR, E45 , FHIL . wEAEWTE S R ik

FHIMEIT.Z  hitp://www.yhclgy.com 20244 5524

AR ENE R ROEILT ], R2h 72741, 1989(1) :46-51.

XIE Zemin, WANG Jinting, LI Qishan. The role of silicon
nitrogen compounds in improving the thermal stability of
polysiloxanes[ﬂ. Acta Polymerica Sinica, 1989(1) :46-51.

(17 ] 35, 725k , R0, 5 . AR SRR AR 2
il SPERELS ). RIETA,2018,47(5):142-147.

FAN Haibo, ZUO Ruilin, LI Chenguang, et al. Preparation
and performance of low density and compression resistance
thermal protection coating[J ]. Surface Technology,2018,47(5) :
142-147.

(18] A B BE, WA i . SRR S sEiA (M ] R
BT KA AR, 1992: 64

ZHAO Yuting, YAO Xizeng. Composite Material Polymer
Matrix [M]. Wuhan: Wuhan University of Technology Press,
1992:64.

— 101 —



