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A consideration of erosion mechanism of FEP/Ag
in sub-low earth orbit space environment
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Abstract: It has been recognized that fluoroethylenepropylene (FEP) is durable to the hyperthermal
atomic oxygen (AQ) attack in low earth orbit (LEO) compared to the other hydrocarbon polymers. However,
the densities of N, in sub-LEO are higher than LEO, and the durability of FEP in sub-LEO environment is
still unclear. In this study, simultaneous exposure experiment of AO and Ar, which is simulating N,
collision in sub-LEO, was performed on FEP/Ag film samples. It was confirmed that the erosion of FEP by
hyperthermal Ar beam was greater than that by AO beam. In addition, the synergistic effect was not be
confirmed at the simultaneous exposures of AO and Ar. The importance of N,-induced erosion of FEP in
sub-LEO was commented.

Key Words: atomic oxygen, nitrogen, FEP/Ag, Sub-LEO, material degradation

. B RO

iﬂi%<@$ﬁ%%ﬁﬂﬁ%ﬁ@ﬂﬁ%%@bf
WA, T OLEOIFFE FIREE SR (AO)YRATE M 57
BIEEENRR EOBEERETH D, _@EPT“M%E e 2.
AOEHI A 72 & & LTHWSHN AR Y A4 X F(PI) 2.1 —HF—F h %
ERFLT @A TFMEELILSE D EERO—D AREBRTIX, FH
ThHDHIEDNHERENT WS, T 7 1 FEPIZLEOIC ERET A0 ——F b x—a VRFETIR
BT, OB THE & B U CAOBZE~OMHE B IAIEE 2 Tz O 2 0%E Tlk Co, L—0—
BEWZ EBRMBNTRY Y SEEICFHMZER B —b& X5y M RACENRT D L TR %N
JEBI B JAXA) KV HTH B ATEISh TN D L LEO BREE COMZLHE 2 HEl Lz v — A& R
H SR 4] 0 K H BR #13E (sub-LEO) % J& 819 5 3 K THIENTE D, i1 B — LDORITIRERH(TOF) A~
B B AT R BRI 129 (SLATS) 7 ¥ = & —F 7 N VI ERRE S T (QMS)IZ & > TR E 4.
WCHREINTWDY, SLATSANE BT 2 B E200km E— AR & EESER = R L — NS ST, A
FEIE OWIE CIXEE /2 KK IZAOE N, TH 5 A3, EERT N, O VIZ Ar ZAWEHIE, L—9—
AOE N, DR B ERRFH A7 — 3 9 > (ISS) #L ZNIZEENT 2D & Ny BRI PED @ NISfREE S 41,
T (450km) & FL#E L CLO~10%588 0 %Y, £72. A0 HFEN 12 124257 & THEZ I LT —DR T &
WX DN,DEE B E %0 BS0%RE~E ERT 2, FlIEERZT 7O TH D, RERTIE, A0 & Ar D
DX REEICBNT, AOMRK H ON,DIEIEIZ K R 21T O RIS, L—P—F b x—a VHEEE

e LTZ ArD RS FZBR 2 FEP/Ag 7 « )V Y Tt
LTiTo7,

TR R VTR
— 3 U TR R
e & TR -0 872 % L % —

DRVA I FOZe—3 0 b— RR#RT 520
IWAELRE L Z T ATREENE ST Y
—7J7. sub-LEOEEEEI COFEPO =11 — g U HitkiT+
ER S TR,

% 2 TARFIETIE, AO & sub-LEO T DN, 2% % i

CHEEBEDEET AT A=A T A R AR
L7 K1 T a7 A E—bF5 A LB L —F—F |
X—va VEBORRERT, TaTAE—ATA
YHREHND Z LT, A0 & Ar D E— ADERS
AWML U TEEST D ENATREL 72D,

This document is provided by JAXA.



54

FHIZEWT T BRI AEAE AR R JAXA-SP-17-006

[X|1 Configuration of the dual-beam-line
laser-detonation system.
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X2 Molecular structure of FEP.
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[X]3  Molecular structure of polyimide (Kapton-H).
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[X]4 Sample mount used in this study.
Beam barrier is not shown.

23 HEWNE

BRI 1 X Shimadzuft B o 8 7 KFE 2 VW CTiTh
iz, BREHEORNZ, MEXRENA A V%
MW Thilz, BaEfliEEX, NASAJPLIZ L > T
HELE SN D L FIORT RIS » TiTbh e, v
TVTEEF OB £ CTHEET ¥ L N—NTRE
A REPFIZ B TIEIR Z #5572 ic T v
=2 —NTRESNTZ, Tvr—F—AhbH¥
TNEHTEFRFFCA Ny T4 v F AL — X
B VRIS IREE T S, FEPY 7Lz T
RERRBIEZFFIZ RN L5, SO O FHEE
LHZETHEERHE L, £7-. Kapton-H” 1 /L
LATIEHRIEMEZ BB L. 15672550 M O R A2 R
OZAMET HZ & TT v r—%—0 b0 H L7z
MOEEEZHE LT,

3.1 BEA MRS FER

UV AL T PSV)E v T 4 7 L—H—
TRF—ERT, PEEE) T L —ZQMSIZ &
STHIE S, AOE—A(F2.7eV, Art— A[39.0eV
Tholz,

This document is provided by JAXA.



Halm [FHBR

#1 Condition of PSV and laser energies

Beam line 1 Beam line 2

Target Gas Ar 0,

Gas Backpressure
0.70 0.70

(MPa)

PSV Voltage (V) 900 900
Frequency (Hz) 3.0 1.8
Laser energy (J/pulse) 6.36 6.17
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32 Fluxes of AO and Ar at the sample position

Ar AOAT AO
Flux 2.20E+14(A0)
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73 Mass-loss of the samples
Ar AOAT AO
Kapton-H (2) __0.00001 __ 0.00014 __ 0.00003
FEP/Ag (g) 0.00026  0.00042  0.00011
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[X|5 Mass-loss of FEP/Ag samples in the exposure
conditions of hyperthermal AO, Ar and Ar70%+A030%
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4 Erosion yield of Kapton-H and FEP/Ag

AO Ar
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