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Material Durability against Space Environment
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Junichiro Ishizawa’

Abstract:

Materials for spacecraft are required high tolerance against space environment such as radiation, ultraviolet rays, atomic
oxygen, etc., over a long duration. Polymeric materials are widely used for spacecraft’s thermal control material because of its
thermal-optical properties. However polymeric materials are easily eroded by atomic oxygen in the low-Earth-orbit. JAXA
has developed an atomic oxygen protective coating and demonstrated its effectiveness by ground and space experiments.
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Development of High Heat-resistace Addition-type Imide Resins based on Kapton -type Structures

o 2 3 3 4 5

Masahiko Miyauchi®, *Ken-ichi Kazama? Yuichi Isida®, Toshio Ogasawara®, Takashi Sawaguchi®, Yokota Rikio®

Abstract:  We have reported that the imide oligomers derived from 3,3’,4,4’-biphenyltetracarboxylic dianhydride (s-BPDA) and
2-Phenyl-4,4’- diaminodiphenyl ether (p-ODA\) had high solubility and low melt viscosities. In this study, we synthesized novel
polyimide and addition-type imide oligomers derived from pyromellitic dianhydride (PMDA) and p-ODA. These thermal and
mechanical properties of imide oligomers and the cured resins were evaluated by various thermal analysis and tensile measurements.
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Scheme 1. Synthsesis of Imide Oligomer(n=4)
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Figure 1. DMA curves of PI(PMDA/4,4’-ODA) and
PI(PMDA/p-ODA).

(In[*<208Pasec) PMDA
/14,4’-ODA 1w
PMOABAFL BAFL-T5
p-ODA
=107
&
i b 10" 4 BAFL.25 -
346 °C Ty (>10%) E o
=
(Table 1) = 10 BAFL-10
Figure 2 PI(PMDA/p-ODA; BAFL/PEPA) DMA 2
=]
BAFL  p-ODA 10 25 Pl Tg 5 107 PMD A/p-ODA
w
350°C E Tg
'"]s T T T T T T T T T 1
10’ (] 100 200 300 400 500
BAFL 50 Temperature {"C)
NMP 33wt% Figure 2. DMA curves of PIs(PMDA/p-ODA; BAFL).
Table 1. Properties of TriA-PIsS(PMDA/p-ODA;BAFL/PEPA)
2000 Pa.sec imid oligomer cured resin
P-ODABAFL | Solubility ~ Min.melt Tg T &
ratio iNnNMP  viscosity (0 ( d5) (%)
(Wt%) (Pa s) DSC DMA Ave. Max.
PI 350 Tg
g >33 208
(>10%) (Table 1) 01100 (gelation ‘ 34 346 540 157 174
(343°C)
after a day)
226
5/95 >33 353 350 535 117 152
(340 )
p-ODA 154
71 11. 13.2
10/90 >33 (325 ) 3 35% 538 3 3
(PMDA/4,4-0DA) 25075 >33 3153123 392 369 54 74 82
(Tg=325 ) ( o )
PMDA/p-ODA 50/50 >33 (320 ) (>400) nd. 535 47 62

TriA-PI(PMDA/p-ODA/PEPA) (n=4)

BAFL

[1] R. Yokota. et al. High Performance Polymers, 13, S61-72, 2001.
[2] , P2004, 2008.
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Research and Development of polyimide matrix composites with high thermal resistance and processability

(@]

*Yuichi Ishida®, Toshio Ogasawara’, Masahiko Miyauchi?, Rikio Yokota®

Abstract: Novel “amorphous, asymmetric, addition-type” imide oligomers and polyimide / carbon fiber composites were developed
by JAXA. Both the imide oligomers and cured polymers have stiff and asymmetric structures, resulting in low melting temperatures
and low melt viscosities for the imide oligomers, and high glass transition temperatures for the cured polymers. Furthermore,
introduce of bulky side chain improved solubility of the resulting imide oligomers. The imide-solution prepregs prepared from highly
soluble imide oligomers and carbon fibers do not generate water during molding composites. Polyimide / carbon fiber composites
without voids and cracks were obtained from the imide-solution prepregs.
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s-BPDA 4.4- 4,4’-ODA
Tg 343 PMR-15 14
TriA-SI
PETI-5  TriA-PI
NMP 30
9,9- 4- BAOFL s-BPDA
PEPA TriA-SI TriA-SI  NMP 33%
Tg 320 10
TriA-PI
BAOFL s-BPDA
TriA-SI
300 mm 4mm
TriA-SI-2
PMDA %Q ;f*%[g
2-
o5t M Ro—0
9,9- 4-
BAFL . ?r . ?‘
Tg 370 11 N A T4 N
TriA-SI O o " C
Figure 1. Chemical structures of (a) TriA-PI, (b) TriA-SI and
(c) TriA-SI-2.
/
[1] 2002

[2] P.M. Hergenrother, “The Use, Design, Synthesis, and Properties of High Performance/High Temperature Polymers: An
Overview”, High Perform. Polym., Vol.12, No.3, pp.3-45 2002

11



VRQUERE AARRFHETYN B isEs

15m

Development of heat resistant thermoplastic polyimides having excellent
space environmental stability - a heat sealable very thin polyimide film for
solar sail 'IKAROS' membrane

JAXA/ISAS Rikio YOKOTA

Heat resistant, thermoplastic polyimides having excellent space environ-
mental stability have been developed. The sterically bent/distorted but
rotation-restricted structure introduced by aromatic dianhydrides isomers
give a new concept, which can be applied to the novel processable high-Tg
polyimides(Pl) materials. According to this concept, heat sealable, very

thin polyimide film was developed for first solar sail ‘IKAROS’ membrane
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Space Environmental Stability of Thermoplastic Polyimides

o 1 1 2 2

Ayumi ANDO', Takashi SAWAGUCHI", Masahiko MIYAUCHI? Rikio YOKOTA?

Abstract: Pl films prepared from oxydiphthalic dianhydride(a-ODPA) and 4,4'-oxydianiline
showed high Tg value and excellent thermoplasticity with high space environmental stability.
Now, we prepared the novel colorless Pl films using diamine monomers such as
2,2-bis(4-aninophenoxy)biphenyl having four aromatic rings to reduce the concentration of imide
structure. These thermal and optical properties and space environmental stabilities were studied
by various thermal analysis and UV-visible spectroscopy.
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* ICollege of Science and Technology,Nihon University, ’Institute of Space and Astronautical
Science(ISAS) Japan Aerospace Exoloration Agency(JAXA), 3-1-1 Yoshinodai, Sagamihara
city, Kanagawa 229-8510; Tel: +81-42-759-8056, , E-mail: yokota.rikio@jaxa.jp
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Sail Membrane Structure of Solar Sail Demonstration craft IKAROS

OEIREAT!, AR’
Yasuyuki Miyazaki', Osamu Mori’

Abstract: The Japan Aerospace Exploration Agency (JAXA) has been developing the world’s first solar power sail craft named
IKAROS (Interplanetary Kite-craft Accelerated by Radiation Of the Sun). IKAROS has large thin polyimide membranes which gets
the solar radiation pressure for the photon propulsion. The flexible thin solar cells are attached on the membranes to generate a large
amount of electric power. The sail membrane is wrapped around the main spacecraft boy in the launch configuration, and will be
deployed in space. Thus IKAROS will demonstrate the deployment of the large membrane structure in space, the photon propulsion,
and the large amount of solar power generation. In this presentation, the overview of the structural design of the sail membranes and

the deployment dynamics of the sail membranes.
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