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Progress on Research and Application of Special Polymer
Materials in Aerospace Industry
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(' Aerospace Research Institute of Materials and Processing Technology, Beijing 100076, China)

Abstract: Many special polymer materials were developed & applied in Chinese aerospace industry by Aerospace Re-
search Institute of Materials and Processing Technology ( ARIMPT) since its establishment 55 years ago, and most of them
had been in series. The materials it has been developed cover more than 80 kinds of elastomeric sealing materials, inclu-
ding carboxy nitroso fluororubber & fluoroether rubber for N,O,, ethylene-propylene rubber for unsymmetrical dimethyl-
hydrazine, silicone rubber for satellites & spacecrafts, and about 100 kinds of silicone, chloroprene, nitrile damping rub-
bers; and modified PA, PU, PPS, PI, PEEK, PTFE, PMI engineering plastics for subsidiary construction; and TL se-
ries environmental protection coatings, XB & TF series spacecrafts survival & penetration coatings, TR series thermal re-
sistant coatings, space thermal control coatings, etc; and more than 100 kinds of special adhesives & sealants for adhe-
sion of thermal protection layer, heat sealing, ultra-low temperature & special media; and high property synthentic resin
systems for advanced composite mayerials, i. e. modified epoxy resin, bismaleimide , cyanate ester, polyimide & other
high-temperature resistant resin etc. These polymer materials and the parts made of them had been applied successfully in
the launch vehicles, satellites and the spacecrafts of our country.
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Table 1

The special sealing rubbers and their application in aeropace structures

Type of sealing rubbers Rubber compounds

Typical applications

45713, 45714, 5080, 5003
series, 5501

1403 -1, 1403 -2, 1404
4501, 4503, 4504

Nitrile rubber

Isobutylene-isoprene rubber
Epichlorohydrin rubber

Chloroprene rubber 4101, 4102, 4701

6101, 6103 series, 6103 - 1, 6107 series,
6109 series, 6701, 6702, 6703, 6704, 6706,

Silicone rubber

6708, 6709, 6710

Fluoro rubberr

Carboxy Nitroso Fluororubber 7104, 7113
Fluoroether rubber

Fthylene-propylene rubber 8202, 8203, 8204, 8301 series

Electrical conductive rubber

series, 5005

7102, 7103, 7107, 7108, 7109

7105, 7110, 7110A, 7111, 7112, 7112A

8101, 8103, 8106, 8107, 8108,

5204, 6110, 6111, 6112, 6114, 6202

Servo mechanism, pressure regulator, socket & housing of
vehicle platform, recovery system of satellites & spacecrafts

Propellant system, pressurization system, control system
Servo pressure accumulator, cooling system of vehicle plat-
form

Sealing parts for ultra low temperature, tail cover seal

Vehicle waterproof, interstage docking, engine pipeline,
cabin of satellites & spacecrafts, the astronauts oxygen sys-
tem, space station docking mechanism, et al.

Servo mechanism, pressurization system, oil pump & ener-
gy supply of power system, N,0O, vapour & high tempera-
ture gas seal, et al.

Sealing parts of tank & pipeline connection & liquid level
sensor for N, 0,

Sealing parts of tank & pipeline connection & liquid level
sensor for N, O, , servo rotary dynamic seal, et al.

Sealing parts of tank & pipeline connection & liquid level
8201, . . . .
sensor for Unsymmetrical dimethylhydrazine, internal &
external circulation system for spacecrafts, et al.

Window seal & interstage docking seal, shim, seal for in-
ertial measurement unit, et al.
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7104 JERE K 5% 41 5% A8 B T 3% K AE £ 9 18 2%

S I

AR, R TR IR EATR = SRR, LR
BERCT 2058 B A i RO Ak TSR BE ] TS CNR
RICHERL 7113, 5 R B, A A3 8 CNR Rk iz B
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Table 2 Change of mechanical properties & weight of vulcanized
7113 CNR dipped in liquid N, O, with time

Time dipped Tensile Elongation  Permanent Hardness/ Change of
in NO,/d  strength/MPa  at break/%  set/% Shore A weight/ %
0 11.0 561 22 83 —
7 10.0 601 28 69 6.45
15 10.0 604 28 69 5.48
30 9.5 542 30 70 3.90
90 9.3 572 38 65 6.27
180 10.0 600 35 66 7.12
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8204 . ITAFK, MRHEHT AT OR XA T L =04
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0% 8101 JH T KBS RN R B E . LN
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Table 3 Change of mechanical properties & weight of vulcanized 8301B with the time dipped in Unsymmetrical dimethylhydrazine ( UDH)

Time dipped Tensile Elongation Permanent Hardness/ Change of ~ Change of
in UDH /d strength/MPa at break/% sel/% Shore A mass/% volume/%
0 20. 1 224 3.4 74 / /
7 23.7 269 4.1 71 3.5 6.12
15 19.6 247 3.1 73 3.5 5.66
30 19.7 248 3.2 71 2.8 5.09
90 17.1 167 3.8 69 2.8 2.51
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6701, 6702, 6703, 6704, 6706, 6708, 6709 . 6710 &
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Ko ARTRBERERG B B MEE  A RIE  IRIE W AE AR IR IR
THAGRE S, s TR RS, AL ST L
7E - 100 °C LAF ffaie "
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Table 4 Change of properties of 6107A silicone elastomer with

3
m /s,

time in high pressure O,

Time  Hardness/ Tensile strength/ Elongation Permanent Change of

in 0,/d  Shore A MPa at break/%  set/%  mass/%
0 78 9.86 392 4.0 0

60 76 9.72 408 5.6 -0.014

240 76 9.92 412 5.6 -0.08
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B, RERRIE . REER . TIHEBE . SHAG B2 A R i
git/M e — ik 2 A& MR, L E A RS,
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Table 5 The viscoelastic damping rubbers developed by

ARIMPT applied in aeropace industry

Types Viscoelastic damping rubbers

ZN-1, ZN-1A ZN-2 ZN-3, ZN -
7.ZN -9, ZN - 10, ZN - 13, ZN -
13A, ZN-14, ZN -15, ZN -15, ZN -
16, ZN-17, ZN -17A, ZN -22 ZN -
23, ZN-24

isobutylene-
isoprene rubber

ZN-11, ZN -18, ZN -18A, ZN -19,
ZN -20, ZN -21, ZN -26, ZN - 27,
ZN -29, ZN -30, ZN -32, ZN - 33,
ZN -33B, ZN-34, ZN -35, ZN -35A
ZN-36, ZN -37, ZN - 38, ZN -39,
ZN-40, ZN —41, ZN -42 ZN -42A
ZN -44 | ZN -45, ZN -46, ZN -47

Silicone rubber

Polyurethane

rubber Dg552) -91A, Dg552] -91B

Nitrile rubber DZN -1 ~DZN - 15

Thermal conductive

damping rubber DRZN -1 ~ DRZN =5

2.2.2 AR RA A

TEAR BV SR BELJE A4 e FH 9 22 AN 2 it 2 L BH JE 5
FER/N, Bl B AL BHLE RE AR A Ak B B D 78 3R
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WLzs LR B e Wk G5 rh e, W H 25) 2.

3P AR A SR AE AR B2 A Rk ) BF o K o FH A T B
57 WPk, B A 58 558 s RS A RHAE - 50 C
~150 CHyIR B N, HEH)JE &REB=0.3, X ZN -
33 BHEHRHEAT T IR EE . SR A B A AL A 1 4 5L 5
FARTRNREE . B FURAR S, MR T MRHESE IR . %
WL BN T RS A e R, 1558 T ZN -33 &
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L a8
2.2.4 RABE MM

AR B4 AS [] 4658 38 ) 22 1) e WL 4o T ¥ 57 58 L TR A
b, FRBE TR LR . R R T b B B I
Ve Pt oh 5B, HAH B ShoreA40 ~ 70, mhdi i i =
100 kJ/m*, {RFHEHZE=10" Q - cm, HJE ZE B=
0.2(125 Hz, -20~60 °C).
2.2.5  Z5M/MR— A A

Wt RAS B B T 98 BE AN 1990 454X T 43 TF 2 7 4
RILMHE R & # R TAE, il 45 B9 BH e/ 454 — &k 1k
BEMB L RE L SR, 76 R R B 251
T, MBS R FH T — N80, B4 mRHTZ
AR DR | R 2 B R R S A A v I R
R, RAXKEHEE G S BTG R &2
PR T RS HARTER, 43T RS I TR
%, SCET AT, mBAR M Z TN T2
T3 B JE /254 — AR A 2 24 S BRI = i BELJE /5 4 —
RN E 53T TEN

3 HMIEER

HRGFEMT R 7= d L A TR R 3 B R
(PA) . R (PU) . FBIRHEE(PPS) | REEWE(PL) |
REEEEN (PEEK) . RIUF LM (PTFE) 45, 1B % B
RA&EMAEL, FHT IR G R Hil i
3.1 BREih

il %) SLL 2R 41 4 V) 2T 4 1 ik 3R Wk e &2 5 o4 LD T
Wl s ZFR G, TN TR o s B
TS L 3G 5R 1) PAGLO $7 A58 FF 0] 35 190 ~210 MPa,
AP 7 ~ 10 MPa, F il #5128 5 7 i 20U 1A 40
A, RIR I FIBRIAAE T SR FZ A R A5 2 P A
STHANL . HUEHESE | HEALEN IR AE SR AR, HE
B.ORENER, WRMRRLY, TEBERTHEASE
G THAS S KBRS A
3.2 REER(PU)

K LR ng PU LRI & TS e . S sk
LGB RS Bk MR R . LIk &R
BS540 A 4 AH D L A BY 388 2T 2 19958 PU MR 45 T 48 Kk
BEE S, REEIR, SR EYIRE; R

2R YR PU R SRR T 59 & S 5 5 BRI PU
WK R T 2 MR A g by, Horp Pe i R IR 19 2%
FEH0.06 g/em’, FFR/PNTF 0.025 W/m - K, JE4i#0
BEART 0.3 MPa, BRI K% E 4 0.03 g/cm’ ~0. 04
g/em’, PFEH/NT0.020 W/m - K, JE4Ea0E KT 0.2
MPa, i T3z K 7 & s AL SO S A A6 1 A T 4
B SEAE R BB BRI T HCFC - 141D
R RI IR R PU IR s BAARE o e o 3R A
TRAT R AT LA & A 53 e Ay s S 2 P BEAA L . TR
WAL T2 2R R T EENER, 75w
TRARAT AL Ar it QI3254 i X FH £F 4 144 558 58 S e v 1Kk Y8
BHIAE) , AT LA 4% % B V5 B R 40 kg/m® ~ 600 kg/m’ %
I PR SR T A TR AR R T 2 348 5 SR R T TR R

3.3 BEIEFBE(PPS)

2% [ Boeing 2 F] I £F 44 38 PPS i3 T M 5
BECR, il AR 4 an PPS il s Sy B R R, HifE
BORETT e 4 8 110k 5 24 25% o fig KA R B T2 0 55 B
fFH T SLM ZR 81 (1 J V1) i 21 2 uk % 380 2T 4 4 58 PPS 44
Bl RIVE VIR e85 PPS 4 K Fi i Sas ik, 1o %
JRER G AT, WEMCRH L, 25 TR, e
fEFER
3.4 EEEEELEN(PEEK)

T E MR L 4/ PEEK 524 MR 220 FH TR 5 33
FEFL, PEEK A4 5t FH >k ] 3 JC# 0 sy Al . i8Ae | R
B KK R SIALI A . IR IR [R) B ) D)
TR AR LT, MR AR TR T SLT &R
GIMPEL, Hla i — s B A R e g T —
ZA ) R 5 A
3.5 EmIpz(PI)

PLYERE AT DASE 3 A5 R sl v 98 T 20 46 Z Rl
W KR AEE . RRE L R B B B
R A AR N BC E R4S . UM R B 22058
JIT R VI ER 4/ PLSE A b4 AR 2 2 i i U0 4 11K
TS PSR R RO TR 2 B s A R, D) B 3 £ 4/ PL A
AFR IR I 252 x 10 /K ~3 x10 /K, #1 5
% 0.31 W/m - K, $7 {58 BF 158 MPa, 25 i 3% ff
264 MPa, Jofift il ohadisi i 4.24 J/em®

ffi F PL/PTFE 4 4 il 45 fin Tk BE AN S 5 RE A K 1Y
SR, W ETEEE | WEEER . RSB IE;
70 SR IV Jele ARl o 4 T L T S iR B s PT7EVRW
GRS IR REGEIE A 4, HEIWERE, MAED
SRABME DR T AT R P B RE , A= AR e %d, B uknl
DIHIWE R Z0R B % BT RIA B, B B A TE TR 551 T
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PTFE e R4k 0 i A AE# T2, 8% F kil & &
KBW KB E O SR S, BEEE . BIE L
HOmEE L RSB AR BE SR AR SRR, 2
PTFE J £F #3458 PTFE i 5 £ 50 3 BT =6 it
KL B T MRS Bir K LISk XF PTFE K £F 4k 3455 PTFE
BV BE R S T T R BERT ST TR 72 48 T Bk
- HIE oK R, Al RIS, & iR b A Bk
b, 260 CLURMT, FIFE Ao f ik KL i
T BUZ TSR IR R, AM2E R 30% 5 95
LR Y dG5E PTFE, 2R A 40% ~ 45% 3l 35 21 2 A 34 ok
PTFE ™ . % BB BB Al 780 95 SR ARG e A o 4% 1R A Jo
fifi PTFE 455 He il i HL A VRO S5 R 8 e, 28 o o o
M55y, RGEHRaE MEAr, AR S T ™ 5 E A
R0

PTFE (141558 15 2 5000 T Ok b 7 FH 1 G il i 9 4
A, RN SRR, AR T AL O
Ho 4l PTFE J& 5 BEREMEL, I ACAS [F) Fh 28 RSt iy
Fe A AT B T AR TR T D TR (R

Kto PTFE HAT OG5 (9 0 i plu v . Tk s Ak, mT LARE
TR B R i TR T, MM REAR
RAFRYsRrE R PE, PTFE )2 W T 38 251 N i
W, RS AT B R ZOR . TR A R
TRV 50 T A I AR 0O B RDRE | B B IFORE B AR
Frdo

R = LA (PCTFE) i T AU S 0 1 il
B, HTHEWRE. W], e R, s
(EREEZE SR
3.7 REERBELIA(PM) &K #

PMI AR RHE R [ 1 St ) S I I 46 Tolk Ak 2k
7, BENH T Z M AR dho U Delta T A 25048
IR . SR Berh e A, BRAAEEAE . T AL
T RAT AR I AR T2 P IR S

LR AL L T2 5 i LT — ARz K iy 48 0 =k
RS N EAE N RO T PMI IR KW IR ST T
B, HWTEZWA T 1 mx2 m @b, HEE e
K6, MURMBL TEOFE IS8 T IRS & . PEREwT
FE M2 A A S AL S oy P A B R S TE 0 A T 4
AT

Fz6 MR RR T ZHTETS A PMI 5w A 2 B i g8
Table 6 Typical properties of PMI foams developed by ARIMPT

Density/ Tensile Tensile Compressive Compressive Flexural Flexural modulus
Kg/m® strength/MPa modulus/MPa strength /MPa modulus/MPa strength /MPa /MPa

50 1.17 56 0.75 32.4 1.08 44

74 2.23 110 1.85 67.5 3.10 89.2

118 2.54 223 4.36 110 3.94 185

200 6.30 294 9.40 389 14.2 228
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Table 7 Properties of thermal resistant coatings developed by

ARIMPT
Coatings  Shear strength/MPa ?“‘;‘:yé Th‘;’ﬁalnff’?d_ugi,v,ity/
L5 1.5 0.9 0.16
TL-13 6.5 1.4 0.35
TR-23 6.0 Y 0.25~0.4
TR-25 5.0 0.8 0.2
TR-26 6.0 1.5 0.4
TR27 3.0 / 0.4
TR-28 5.0 1.6 0.4
TR-33 5.0 1.6 0.6

TR42 1.0 0.85 0.15
TR-37 1.0 0.65 0.1-0.12
TR-36 2.0 0.65 0.1-0.12
TR48 8.7-11.2  1.2-1.4 0.26 -0.29
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Table 8 Characteristics of epoxy resin systems for fiber reinforced composites developed by ARIMPT

. Curing Type of prepreg . . Characteristic of -
s ste T,/ C : :
Resin system temperature/C o preparation Curing technique the composite Application
Low cost, mid- .
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ing ter, fairing
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High-temperature Rocket section,
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et al.
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605 180 210 ~220 With or without solvent Autoclave , mold- hlgh strength, big  Launch canister
ing thickness, large- et al.
scale parts
606 <100 115 ~120 With or without solvent Autoclave, mold-  Low cost, Launch canister
ing big thickness et al.
Low &, low tgd,
608 <130 =150 With or without solvent Autoclave » mold- g5 <0.02, & = Radome et al.
ing 4.2 £0.2; large-
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6104 <130 129 (gel tem- Heat-melt impregnation Autoclavc » mold- Mid-temperature, Various panels
perature ) ing flame retardant
Autocl mold Space environment Parts of Satel-
648 <160 =180 With solvent jutoctave, - mo pace environme lite or upper
ing high- temperature
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