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Abstract: In this paper, the low-temperature plasma was generated by DBD test platform, and the polyimide (PI)
nanocomposite film was modified by the low-temperature plasma. The surface morphology, chemical bond
structure, surface conductivity, and corona resistance of the nanocomposite film before and after the low-
temperature plasma modification were tested to study the change law of the film surface characteristics. The results
show that after surface modification, the nanocomposite film surface becomes rough gradually, and there are
micropores and discontinuous protrusions appeared. Polar oxygen-rich groups were introduced on the surface by
plasma modification with appropriate modification time. With the increase of modification time, the contact angle
decreases, the surface energy and surface conductivity increase, and the corona resistance life increases at first and
then decreases. When the low-temperature plasma modification time is 10 s, the corona resistance life of the
modified nanocomposites film is 15.7% higher than that of the unmodified nanocomposites film. After modified by
the low-temperature plasma, the nanocomposite film has more uniform surface than the pure PI film, and the
modified nanocomposite film has the characteristics of small surface energy and large surface conductivity. The

large surface conductivity will accelerate the dissipation speed of surface charge of the nanocomposite film, avoid
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the surface discharge produced by the concentration of local field strength, thereby improving the corona resistance

life of the film. To obtain the same modification effect, the nanocomposite film need longer low-temperature

plasma modification time than pure PI film.

Key words: plasma modification; polyimide; nanocomposites; corona lifetime

0 51 B

PR Vo T A 6 E R L E AR T AR R T
TR RHET , A6 FLAE At L1 B R R 72 . B %
EHL (1 e T AR 808 AT K A AR T A 5| AL, TR bk
7 5 HUML AR e 1 R T SRR TR e R R
B & fik 5 15 1 (pulse width modulation, PWM) £ A
(1 P kg, PWM 5 AR Bk R 1 22 1 87 H 7 H AL 4%
fil . ELAR PWM AR AT DL T b4 i 2 5| F ALY
PEBE , (E& PWM ik b 4= 76 A% R B 1] 6 738 471 F L 48
G hh bl i R B e IR 48 A REE AL, AT T8
Pt A 5| LIRS, BV % (polyimide , P
R B I AR e 22 e RE DL R B S 40 %%
PERE, T2 N T 547 8o BE S w2k i (1
R, AR A 5 BN 52 B B ZE 25 il R R 0K e
hE NEUE R R R R (15 AR A A 5] L4 2%
PERE R 5 E— 4R, FEr 4R v P () i F 2
ReieEp 2 H,

B N M2 5 TT R T 4 i PR A
RE T 70, 25 SR 3R B, i 3 7 P12 44 A 08 I MMIT-
AIN.SiO,. 45K TiO,« 44K ALO, % K}, 7] #2 & PI

A TR P A

PIHEAE PWM kil T 1T - P B 5 L3R T
FL A As RE S UM 9G . TRk, W ORI P 3% T A B )
75 32, o AR PV 3 THI RV A B3 = T A 1
NS I i R N R SRS R A A SR CRPU B S
H DR MFEAT O R o R TR, A X R A
VoA P A AR R S B AR MR R w2 A R
IO AE 5 A W 3R T S A5 3 T RO T RN
SR, R 55 B 7 R0 3R B W 3R T AT Sk B2
BRI D BB AR, FE T
P ES M T RO v SR L D T A 4 L
Al g R AU A AT W SR B, S A
oSOV T B P (R i R PR R, TR v 7 O i
SRS TR UG OK G I A OC A

AR SCF AR 5 B R 6 PLG K B A R
T 2R AT SSCE S BF 3 TR M 0 AR AL R, 3 BT AR
55 B TR PLAL & T R P 77 iy 1R 52 T, R 7
HE— D4R PLANOK 5 & I H 22 25 i 1) 5 v o

1 I
1.1 PUALO,EAEIEANHIZ

T 5 S W T A B 7 (KHI550) Ak 23 5 F 40 2K 4
AR T I N, N Z B 2 Bt i (DMAC B I H
FE RS, E K EAL R T 0 B 5. InNE
B 4,4- @ T KR (ODA) , IENLI P B B %
fifto SRJE  FREL— i & 1 1,2,4,5-38 2% DY H R — I&F
(PMDA) , f£1iF ODA F1 PMDA ] BE /K bt A 1:1.02,
53 3N PMDA, FERFENLM I HE . A T IRIE R
L7853, 75 1 56 PMDA J& 4k ZE ML i 6~7 ho $i
P56 UG S R 323 58 S U e o B R, AR i
ATEE IR, B T LA N BR B IR 3 AT % A0 R Y
%, 19 3 ALO, Jit & 47 08 5% B PLAK B &
i, SRR RSN 50 umo F S5 5 T Kb HE 22 Hi, 45
TooK & BE A 2R 10, A7 78 0 18 5 3BT R
~FoR2 emx2 em FRARFE .
12 REFSFAMH

KA A5 B4 75 (DBD) 136 28 4t i HL P
A B B BRI A SR B A . %A
ARG T =AW 50 B % AR IR 28 7k . R W)
H3 Y5 9 CTP-2000K, 451 % i [ 9 5~20 kHz, HL % JE
FEl N 0~30 kV. &K AR H E A4 51 mm )
AN AR B R ARV T R A 5 BEL A R B A
Ve 8 IR AR : 96% E AL 4R 7 &, BN 1 mm. R
W 2% 5y Tektronix MDO3024 . a6 76 K<
FHXHE E 67% M%7 25°C N AT . IRIR&EE 114
FE Y5 FEL S DGR U A1 6 09 22.9 KV, 518 K 8 kHz, < [ B
BSIE 2 N 1 mm, JRCHE I D) 26 5% B O 24.5 W/em®s ¥
T8 5 1 LYK B2 & B E T DBD 4 F & 1)
AR R AR AR 55 B T AR PLAK B A 1
I 2 T 3E AT e M AL R, SR I T) 43 0] 1 B R 0410
20.30.60.90 s, FF 4K X b ic A PI-A . PI-A-10 PI-A-
20.PI-A-30.PI-A-60.PI-A-90.
1.3 ORI R B LE MM

K FH 49 4 H1 485 (SEM, JISM-7001F , H 7 5 1 #k
T2 ) MG IR 55 5 A o1t 7 5 PLAAK 52 & i i
{1 B W T S5 33k AT AR . SR P A B I A 40 S i A
(FTIR, Nicolet iZ10) X} e 14 i J5 PLNK & A i JE 1)



MR 2021,54(5) T WIS (RIS B T A A TG SR IS i K B VR TR ) 49

2B s K AT I R EC 4 000~700 em'.
1.4 #EMfpRREENR

Vo I T 1) B Ak ey 5 LSRRI AR RO LG R
I T 22 fooh A /0, FLSRTHT BB AR K o T 7 B 2 fl
PR, BT HE 26 A AT 5 77 LA R K 7 B2 T ) Y7
MAEBRTE A, el g B =X (O FioR™ .

6 = 2tan™' (i;l) (D

1) H = 6 0 T 52 3 111432 ik 79 + D 968 U2 T VR 3 Bk
BV 151 B 5 D 2Ry J 2 T 00 BR AU BLAR

I FE b, R AR ELAZR D H R N 44N T 1)
M THEAZ 2K A1 D I EEARN RO B A] R 15
A/ 0. K1 e T FL K HE Owens B8, 5 11
FTH AE B PE 2 B A0 B = 2R, P S '
VR IEE % THD 110 23 K1 8 0 o 2 i R I % TR 11 i
TN,
1.5 e S M Een

Tirf P 2 i AR R G W 1 TR, ER R
HUUR o 2 ORI B AR AR SR A . T R T
i M R G 1R SRR P v 5 I R A R AR i TEC
60034-18-42:2017 ¥ ity s Mk vl L 5 H %) 7 38
ik o B, S W AF 7E 0.5~ 10 KV A3, i H AR Oy 1~
20 kHz, = TFv s8] A 100~ 520 ns 3 42 7] i , J7 %
HLE 5 2 oM 0.5, #K 3 ASTM D2275-01:2008
THC S A B B A, b F A BB LA O B A% 6 mm
AR R FE A, FEAR 3 2t R 2428 1 mm; B
F A BB FEL R N 4% 51 mm B AS SR AR bR B A . %
VAT JIEE J3E AT T PR A o R, PR R U
1200 V, HL Y A5 % %N 20 kHz, | i 8] BB A
100 ns, 50 E 25°C F HEAT , BEFP IR 7E AR 058 2%
PETRMAR 5 A, 85 B ME .
1.6 FREBSEMR

PIYIKE & HE A S RN 2 GB/T 1410—

LRE B
2] i
B [® i
|| — T am
W (% PRl TN
VA B T | 1

1 TEEEHHERS

Fig.1 System of corona lifetime test
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Fig.2 Microstructure of films before and

(d)PI-A-90

after plasma modification
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Fig.3 FTIR of the films before and

after plasma modification
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Fig.4 Relationship between contact angle and

plasma modification time
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Fig.5 Relationship between surface energy and

plasma modification time
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modification time
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