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ABSTRACT: A new method for preparing a coating composed of micro-nano SiO, particles on polyimide surface by dispersive

Si0O, nanospheres in silica sol using Stober and sol-gel methods was studied. The coating is used to increase the service life and
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erosion resistance of Kapton films to atomic oxygen (AO). Firstly, Stéber nanospheres were prepared with TEOS under alkaline
conditions; then, silica sol was prepared under acidic conditions with 3-aminopropyltriethoxysilane (APTES). The nanospheres
were uniformly dispersed into the sol, and the coating with SiO, particles was prepared on the Kapton surface by dip coating
method. Before coating, Kapton films were hydrothermally treated with low concentration NaOH. The simulation experiment
was conducted in an AO environment with a beam density of 1.43x10'® atoms/(cm?'s) and an irradiation time of 6 h. The
surface morphology of samples before and after experiment was characterized by scanning electron microscope (SEM) and
atomic force microscope (AFM). After AO irradiation, the mass loss and AO erosion rate of pristine Kapton were 1.39 mg/cm’
and 3.17x107%* cm®/atom, respectively, and the Kapton surface was severely eroded. For coated Kapton samples, mass loss and
AO erosion rate decreased to 0.10 mg/cm? and 0.22x102* cm?/atom, respectively, which was only equivalent to 6.9% of pristine
Kapton. Using the method of combining Stober and sol-gel, the SiO, content was increased in the prepared coating. Simulation

experiments show that the coating improves the AO erosion resistance of Kapton. This method is simple and practical, and has
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certain research significance for AO protection of polymer materials in long-life spacecraft.

KEY WORDS: polyimide; SiO,; coating; Stober method; Sol-gel; Kapton; surface modification
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Fig.1 Preparation process of coating with micro-nano SiO, particles

1.3 REFHEHENRE

BIRE T Si0, k21 Kapton £ 54( 15 mm>15 mm )
B [ AO I 45 T ( 22 2SRl R AR Yy PR 5T
Fr ), AT )R A IR . e R AE SCHR[10]
AN A T ERTREE N SeV, RIEE
J7 1.43%10" atoms/(cm*s), FEBBIE A 6 h, NIKE
HERf A BT R D (B, 7F AO HRIEHT, FESFE A
I BKHESR 24 ho TEFRE WM, FEMRE TP
Y HRF 0] 0 42 il 7E e AIGFR B, AR Lk P9 /K Ak o MR 4R 4 AR
I AR S P BT R, (DT AO FRIRE #E
it (42l 2R 122200,

Am
R (1)

Krf. FRRFEERSE (P 3.09x10%° atoms/cm? );
Am ARG BT RPR , g5 A4 AHEM YRR, 2.25
em’; p AMEIEE (Kapton HN: 1.42 g/em®); E R
JEME, cm’/atom,

1.4 {EBERIE

A ST ATl £ 1Y Si0, KAk, SR X BHRAiT
¢ ( XRD, Rigaku Smart Lab I1I ) FAE AR L5 .
MRS R Cu#4RST, UK 4=0.154 nm, XLKN
0.02°, AR 5°~80°, JTI{H HEL i 2T 4h S 3 X
( FTIR, IRAffinity-1S) Xfﬁuuﬁﬁéﬁ)ﬂzﬂ:ﬁ%*ﬁ y
HILEA 400~4000 cm ' FEEfR AL (CA,
JC2000D1 ) il % 5 A ) 2 T e M i 9 7K 22 e A o
1 S-4800 37 & AT R fs% (SEM, HZAHAL
/vH] ) Al NTEGRA Prima JiF 1 Wi ( AFM, &
B NT-MDT A 5] ) FRALFE S TEH

2 HERRKROH

2.1 SiO, ARFEIK T
R Stober il £ 1 SiO, KR SEM FES AN



<172 E-3 TR N

2021 4 6 A

B 2 fin. HE 2a (TR N, KEBAOKHER HAETE
200 nm Ay, GUERERE/NAKER ( HAR/NT 20 nm )
RAEM AL, X 5454 5¢, TEOS/EtOH ¥ & %
TEBRMEIL IR, 46 B R R TR P

a JRERHOR

(232300 SIS SILI R i % A R il I A I 2E e
%, M—190KMEk IWE 20 iTLIEH, il
ORWERABRIE 9 £, AR R/ — A1 T Kapton
SMRIIE A FFRIHES, A SR IR)=

Bl 2 Sio, PR ERY SEM JESH

Fig.2 SEM morphologies of SiO, nanometer microspheres: a) local magnification; b) overall

Si0, PKRIABRAY LA EIE W] 3a iR, 1095 cm™
Ab R T T WA S Si—O—Si I B B i 45 i 8
W ; 797 om ' il 468 om ™ ALY Ny Si—O SN FRfHiZH
PRBhE; 3431 om ™' Ab Y FE G 2546 K—OH # J5CX Fik
AR 314 , 1636 cm ™ BT AYIG L K B9 H—O—H 25
R shig; 955 em ' AbAYIEJE T Si—OH MY ¥k 3h

Wi HeeT A ik E 5 SOk [32-3314kiE— 2. SiO,
PAKAHIRAY XRD 340 E 3b Fron. ATLLE H, ke
20 R 5°~80° H BRI Y AL I DR BOAT A0, (R A H
BRARBL) R IARRT S, A SiO, M IRRYERIEIE, {2
TE 250 AT H B — AN B SR AT ST . BRI, R
oD Wich | 224k ¢l

? —~
S E)
3 &
g 2
g g
g =]
=
1005 468
4000 3500 3000 2500 2000 1500 1000 500 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Wavenumber/cm™! 20/(°)
a FTIR b XRD

Kl 3 SiO, #K M EKAY FTIR F1 XRD 4]
Fig.3 FTIR and XRD spectrograms of SiO, nanometer microspheres

2.2 Kapton RHE X

) 2R T STV Jre 5 el Y R A A S g e A, TG
W NaOH 7€ 120 C/K#ASLAF T b P Kapton J#
BRI T LA 2] ph 22 Bk Kapton FRIEEIIL)Z, F=rERIE

(—CO00—), HEmLsHAILE 4 Frmt,

ME 5 WLUE t, JR G Kapton R IAIKIZ Al A
77°, MBS EACE 38°, LR ANEEA AT oEK MR
SiO, KM ERE ML S Kapton EHLEA, ERAY
FM 5 THRZ ARG EER . AFM BSE8IR, IR
If Kapton FR 1 AR 2K Uk F4 %, ( DLIE Sa ), s
WZI AL PR S , RO FSEBE I, KR
WA (LA 5b ). M1 Wenzel 7Rz AT 0, Y4Emb A/

T 90°, e HURE 42 b A 28N, B AR YT AFM
TESIT 2 A 28 A5 2 T 7 2 ik A I 85 SRAR — B

Kapton j# I 5% 11 0 5 96 A 6 Pis .
ARWFFEAEAKASAE T AL PR Kapton W, H BRI
NaOH Ffifi &, 7E{RHK B A 55 X Kapton
AR X LR ) 2 T AR B DR i e M T B G ]
DIEH, 7E0K 500~800 nm, BhERiJE AL 3O
RJLF-5A KAk, 7E 200~500 nm A /ME T [,
— BT, AR TERLRE B A v A1 s O R G S
T AR B L, TR AR . RO, ot
LR TR, BRI P L, BEAE LR
DA e S e i, PR BE A S % Kapton R HIHEAT
Tk, XM RN IR .



F50% ol TR A R VM o TR SR 5% TR A oK 10, UKL TR J2 (9 7 3 5 <173 -

(0] (0]
I ]
/C C\ i
—N N (6] L
\ /
C C
I |
(0] (0]
(o) (0]
[ I
0—C Cc—0
H H H*
[
O (0]
I |
HO-C C-OH
H H
—N-C C-N (0]
7

Kl 4  FRRALFF Kapton 32 [f] (45 #2514, 126)
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