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Preparation and Properties of Spaceborne Low Vacuum Outgassing Cyanate

Ester Resin

CAO Hongtao MA Hailong CHENG Tao XIA Zhentao MENG Fanping
(Shanghai Institute of Spacecraft Equipment, Shanghai 200240)

Abstract The cyanate ester resins were prepared by adding different low content epoxy AG80 and benzyl
dimethylamine (BDMA). The microstructure, curing heat effect, vacuum outgassing properties, mechanical
properties, water absorption and thermal weight loss of low content epoxy modified cyanate ester resin were analyzed.
The experimental results show that AG80 epoxy resin with mass fraction of 5% and 8% can effectively promote the
curing degree of cyanate ester, reduce the number of uncured small molecules, and improve the vacuum outgassing
properties of cyanate ester resin under the action of catalyst BDMA. BADCy—1 has the best vacuum outgassing
properties and moisture resistance, in which the total mass loss (TML) and collected volatile condensable material
(CVCM) are 0.41% and 0.03%, respectively, and the water absorption is reduced by 15%. The mechanical
properties of BADCy-2 are optimized, and the tensile strength and flexural strength are improved by 23% and 20%,
respectively. At the same time, the heat resistance of the material decreases with the increase of epoxy resin content.

Key words Cyanate ester, Epoxy resin, Microstructure, Heating effect, Vacuum outgassing, Mechanical

properties , Water absorption
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Tab.1 Experimental materials
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Tab. 2 The ratio of modified cyanate ester
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Fig. 1 FT-IR spectra of the BADCy, BADCy-1 and BADCy-2
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Tab.3 FT-IR characteristic absorption peaks of main
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Fig. 3 Isothermal rheology of cyanate esters modified by epoxy
resin (200 °C)

BADCy

Heat Flow

Exo—

150 200 250 300 350
t/°C.

K4 BRSO SRR IR Y DSC ik
Fig. 4 DSC curves of cyanate esters modified by epoxy resin
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Tab. 4 Gel time of cyanate ester modified by cyanate ester
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Tab.5 The TML and CVCM of the BADCy, BADCy-1
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Fig. 6 Chemical reaction equation of cyanate ester with epoxy resin
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Tab. 6 Mechanical properties of BADCy, BADCy-1 and BADCy-2
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Fig. 9 TGA curves of BADCy, BADCy-1 and BADCy-2

%7 BADCy#1BADCy-1.BADCy-2 %k Ei% 5% #1 10% A
HIRE
Tab.7 Temperature at the 5% and 10% weight loss rate of
BADCy, BADCy-1 and BADCy-2

B T3 Ty
BADCy 408 433
BADCy-1 403 428
BADCy-2 398 426

A LS 458, =R R B AEHE 300°C Z R A
AWMREANHE BN T 1%, BENRERERE
400~600 °CIH] , iX 3= B2 A W5 i B A 5 | 2 1Y)
P2 T 5% W9 FE 8 ORI G R ff R 2 (IDT) , JF 5
JREIRH] 10% MR BEHEAT LU . IR 7 M Zs SR mT AT,
BADCy 9 IDT & F ikt A9 BADCy—1 #1 BADCy-2, H.
WEM G SR  IDT /N, Y = FhbhRHY 2 ik
2 10% W}, I B2 A2 A a9 5 IDT Be A — 3, it #vpk
FE 0 [958 3 2 DR Dy B A B A 5 R 1 5 A A 1Y)
AT A T 235 R AR T A — R PR A A i A s A
s

BT PAPEAR T = R BR A5 4, R s Bifi 25 B 480 5 1
BYXE I, AR T PAPE RE S R B 3
3 #ig

T Ao 7 R R 105 A rh S AR B i B SR B
AG80 FIAHE A% 3 — F B, 48 1 PR ol 1 R T
PBE, AT TR B 1 2 SR Al e 5URR R T 2R AR 1
THOWL 25 #E) A0 25 3 SRRV L 7 2 Pk e A K
FIFEE ST T AR Y RO A BT R AR
AR R R 25 AR IR 2 A E R e A (]
AR B AT DL B o ke B T AL SRR R AR R AR
WINPT s i Sk fg . il
X E IR, AT AR 4518, 2 AG8O0 Y BT it 73 5Xh 5%
B, O R R AR A B BT B 40 (TMIL) | A 4% &
Y1 (CVCM) AT 7K M BE fe I, 7 0. 47% 0. 04% F
0.66%. 4 AG80 I it & 71 KN 8% I}, J1 27 1 g %
T B ECh 5% R R . X FEIHE T =B
B PR SR I A A i ) AR o T 5 A A DG o AR
FE Bl o PR SRR 5 B A3, A RE ) e A i
TR

[1] CHEN P.
environmental interactions [ C]//39" Aerospace Sciences Meeting
and Exhibit, Reno,NV,USA,2001: 95.

(2] AW 52, F0L, Wb, 45 B BE R BT R
RINERIPERELT]. B A MR 2=, 2020,37(12):3071-3078.

HUO X P, WANG F, YAO Z J, et al. Properties of

Contamination effects due to space

cyanate ester resin for hot melt prepreg [J] . Acta Materiae
Composite Sinica, 2020, 37(12): 3071-3078. .

(3] feale, HRallF, B, 45 kB e M e SR T A
gl g SoEREL) ). TAEREURLIAL, 2021, 49(2): 7-13.

HOU Y, XU Z C, HUANG C, et al. Preparation and
properties of high performance cyanate ester resins for radome
(1. Engineering Plastics Application, 2021, 49(2): 7-13.

(4] IR, 225K, S0, 55 . JET & pe it 3 v ot I Jie 11
ALY EERERE R TS a7/l NI | #5181 RS PPN = =5

FHiARE T http : //www.yhclgy.com 20244F 1M



2021,47(5):977-982

LIANG Y, LAN T, GUO S F, et al. Interpenetrating
polymer networks derived from ethynyl-terminated imide oli
gomers and cyanate ester [J]. Journal of Beijing University of
Aeronautics and Astronautics, 2021, 47(5): 977-982.

[5] FINK J K. Reactive Polymers: Fundamentals and
Applications: A Concise Guide to Industrial Polymers[ M ]. New
York: William Andrew, 2017.

[6] CHEN X, LIANG G, GU A, et al. Flame retarding
cyanate ester resin with low curing temperature, high thermal
resistance, outstanding dielectric property, and low water
absorption for high frequency and high speed printed circuit
broads [J]. Industrial & Engineering Chemistry Research,
2015, 54(6): 1806-1815.

(7] VAR R A A e s B PR E 35 M PP 15 A E e
WHFFELT ] MURARREE TAE, 2010, 27(2): 139-143.

FENG W Q. Evaluation and validation of space
applicability of spacecraft materials [J].
Spacecraft Environment Engineering, 2010, 27(2): 139-143.

(8] BAHL, BT . 2SI TR =IM]. dtat: hiE
BhEEOR iR, 2010.

HUANG B C, TONG J Y. Space Environment Engineering
[M]. Beijing: Science and Technology of China Press, 2010.

[9] LEE B L, HOLL M W. Effects of moisture and thermal

cycling on in—plane shear properties of graphite fibre-reinforced

environmental

cyanate ester resin composites [J]. Composites Part A: Applied
Science and Manufacturing, 1996, 27(11): 1015-1022.

[10] KHASSANCHINE R H, GRIGOREVSKIY A V,
GALYGIN A N. Simulation of outgassing processes in spacecraft
coatings induced by thermal vacuum influence [J]. Journal of
Spacecraft and Rockets, 2004, 41 (3): 384-388.

[LL] /N, PRk, TR L, 55 . a8 RS 4> Fi5 g
XIRRAR AR [T ). fiZs =41, 2009, 30(1): 159-164.

ZHAO X H, SHEN Z G, XING Y S, et al. Effect of

FHIMEIT.Z  hitp://www.yhelgy.com 20244 45 1]

molecular contamination on spacecraft [J]. Acta Aeronautica et
Astronautica Sinica, 2009, 30(1): 159-164.

[12] ik & . KB BRBUIE (LEO) It K85 1R HI 5 7
(M. dest: AP EFALH R, 2011

SWARMAN E M. Space Environmental Effect on
Spacecraft: Leo Materials Selection Guide [M]. Beijing: China
Astronautic Publishing House, 2011.

[13] R0, PR, £ER, 5. F-48 AR IRt
XU A BR R BE AR OB 5E (T ], BPRHTAR, 2014, 28(14)
91-94.

WU JJ, XIE]J W, WANG Z ], et al. Study of F-48 epoxy
resin modified bisphenol a cyanate ester resins [J].
Reports, 2014, 28(14): 91-94.

[14) B, BUASE, BR%E, 5. SURR BRSO 36 S R i
MURIFSELT ). a2 b, 2012, 45(1): 49-51.

CHEN Q, WEI B R, GONG D J, et al. Epoxy resin
modified by cyanate ester [J]. Insulating Materials, 2012, 45
(1): 49-51.

(15 ] HEAEME, 250 . ORI e B AU I T FAPE T2
[J]. PEERE, 2009,24(5): 14-16.

HONG X H, LI' Y F. Study on the thermal properties of
cyanate ester modified epoxy resin [J]. Thermosetting Resin,
2009,24(5): 14-16.

L16] B, il 3, BREK, 55 . 140 i i 1 e 220 o
WP RO T[T ). AFA4ES B MR, 2017, 34(3): 17-20.

LIANG Y, YANG L Y, CHEN T, et al. Study of epoxy
resin  modified novolac cyanate ester resin [J]. Fiber
Composites, 2017, 34(3): 17-20.

[17] REN P, LIANG G, ZHANG Z. Epoxy - modified
cyanate ester resin and its high-modulus carbon-fiber composites
[1]. Polymer composites, 2006, 27(4): 402-409.

[18] POIRIER D R, GEIGER G H. Conduction of Heat in
Solids[ M ]. New York: Springer International Publishing, 2016.

Materials



