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Fig.1 (a) General formula of polyimide fiber structure; (b) polyimide fibers and its applications
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Fig.2 (a~d) AFM micrographs of the samples for oxygen plasma treatment process ((a): untreated; (b): 120 W;
(c): 180 W; (d): 240 W) "5 (e,f) SEM images of PI fibers treated by different power plasma ((e): untreated;
(f): 120 W) "5 (g,h) SEM images of PI fibers under different plasma treatment time ((g): untreated;
(h): 6 min) *"

FLIGE 2 PR S P I8 TR B TR A H T
100 W, 4b B [E] 43 ) 9 2 min, 4 min 1 6
min. &5 R, 4 FL A 6 min B, £F 4 52 245
55, Wi Fig.2 (g,h) o 17 24 4b 22 4 min B, 3R 1H0 AL B
BN EUE Y — A e R T R oR KM, B S E A R
2 8] ) FTH BY V) 5k B R AL BRI N T 54% . 4% &,

(c)R=124 nm

L VRN LR AP . Das S5 PIE I 58 A 4% A 2 SR T
V% RS AR 2R T 5 A R R I I i v RS AR THD S P
2 . 502 B, Bl B 4 AN Ol B IR GR) & 0 3
SR Tk I fie 60 FIBE ) 2 TR REL RS B35 A SRR EE S8 . s
SXoF A A 2 R 1) 2 TR 0 1 T A 3R AT BB (HFDD B2 8
OV A A RE R T T i — PR R Z . Komaki
SV T T - S e Ak B S T Y M R PR L, 4 AR
T, -G LR AE F T I R T 2 RE R i B A
TR R A R AR W, SR RS 2 R T
INT o 74 R R R S M B AR
1.2 EJ/FIRE
RESFETFRZENFEEAEEE T RS R
Tk S Jie 14 ek 3 T A6 i i, A o RE B R
A B EAK 2 AR AR DL v R T E M B A A B )
TR R BEREAR L 70 1 RE RN AR AR E T R 1 /N 4
PR Wen 55 PR H UK IR 55 5 1 0 B8 T 0 1%
2F o o PE DL R AT 4R SR AR TR Y B T AR A .
ZER R, Th &N 120 WA IR 45 B 744 kb 7
BB BAE, Z AN, TR % 2F 4E 7] fR 45 97% 11
P AR SR FE, 5 I E R 2 A S B D) s R e T
30.9% , £F 4k B SOWOR RS B2 G P 42 =, T Fig.2 (a~D)
Fi7R o

(d)R=111 nm

20t S BT A Ak B (V) 5R E W  £F 4
2T o 5 3k AR g 2 T f) S P e S 08
[ 21 4 2 A AR 4
13 S F&EigitE

5 W . e B AR PR Jo AT G o O3 7 25 A i i
A 3 AR, DRI AT N B b SRR A T i

fE % A7 200 o
T RE



3

H R, 0 HEAT o F TR AL, BLIA B 42
e AR TS L B H P, Yang S % T 4 Tk
HE R R R 1 Sk R R AU e (HBPSD , 1 J5 5
PAA ¥ IR A 1t 0 iz 4, T Fig.3 (ab) Fros o &5 3%
< B, HBPSi 44 K JURL I I N 38 /&1 1 27 4 (1) 3R 1 7
P 0 2 T KRR L 24 HBPSI Jii & 9 %0 20.0% 1, PT/
HBPSi & & 25 4 - 35 A IS 44 & (19 53 1 8 V) 5 F%
(IFSS) %% PI- 3 S W JIE 44 & 42 151 21.17%, 4 Fig.3 (¢)
i

Li 55 P B S B R Bl 28 A R T i 2 2 R S Ak

(@)

v Poly(amic acid) chains

%k W i 7 R (AM-HBPI) , F Kk & 1 & S T 5 [
18 A Bt A2 R g1 N B W W i I SR T, 40 Fig4
(a)o. WFFL&sRFW, % L EH 4% (1 HBPI 3# & % 1
B2 fil £ 7 S48 9 84,00, EHLH SR K Ik o Liu 2500
& T 57 7 BE R o v BRI 1) BRI 0 i L, 4 Fig.4
() AT, 2 T 4w o4 k) FUTH V6 74, KB -ACD #: 8
7E PLA B by NI 50 N6 PR SE 1 2 PL 2y T8EH . 45
RRW, B L-ACD & & 136 0, #5155 7K 1 52
11, 41 Fig.4 (o) FTaR , 3 4 W5 % 44 J5 P O34T e b
AL T B

& HBPSI nanoparticle

<
e
Crosslinking point Z |
[ A
{ ) =10
Microstructure of PI/HBPSi 0 > \Q\e \g\e \g\o \Q\o
composite fiber &£ L QL QP
PO
CHEEN\ S HENCRN

Fig.3 (a) Schematic illustration of the preparation process for PI/HBPSi composite fibers””; (b) schematic representation
delineating the microstructure for PI/HBPSi composite fibers™; (c) IFSS of fiber/epoxy composites™
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Fig.4 (a) Synthesis process diagram of AM-HBPI""; (b) synthesis of PI/3-ACD""; (¢) contact angles of neat PI and its
composite films with different 3-ACD mass fractioins (PI-1: neat PI; PI-2: 1%; PI-3: 3%; PI-4: 5%; PI-5: 7%)""
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Fig.5 (a) Surface free energy values, including the dispersion and polar components of the PI fibers with different
alkali treatment time""; (b) schematic illustration for the modification of PI fibers by EDA™; (c~e) SEM
images of PI fibers treated for different time by EDA ((c) :neat PI; (d): 1.5 h; (e): 2 h)*™; (f): sketch etching
of PI fiber surface™




OIS (@ cabonylated I x|
0 I CH;COOH I
| ) ‘
1 l,e_O:!\ _ D ; room temperature ,J“‘—O:c o
‘ c” i 1 ‘ —M_Oj:'
| | nucleophilic reaction ! |
,l ° L ) g o
] G o ()
& Y YOO i
0/\o/No/ | 0/\o/No dispersing
& XY .,_<vvo)@
LYALYS 0/ No/\ 300r/min,2h
& BXAPR
o/\ol\o o/\o/\o

S um 5 pm

Fig.6 (a~d) Schematic illustration for the carboxylation of PI fibers and in situ synthesis of SiO. nanoparticles on
the surface of PI fibers""; (e~g) SEM images of PI fibers((e): neat PI; (f): carboxylated PI fiber;

(g): carboxylated PI@SiO:; fibers for 7 h)"*"
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Fig.7 (a,b) SEM images of PI fiber modified by dopamine under alkaline condition ((a): neat PI; (b): PI@PDA fiber) "*;
(¢) schematic diagram of the mechanism of dopamine grafting on the surface of carboxylated polyimide fiber*';
(d~f) AFM surface scans of PI((d): neat PI; (e): carboxylated PI; (f): grafting with dopamine for 24 h)""
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Progress on Interfacial Activation and Chemical Grafting of Polyimide Materials

Yuanqing Liu, Fengfeng Jia, Cuiyu Tian, Xiyi Dai, Jiayi Liu, Zhaoqing Lu
(College of Bioresources Chemical and Materials Engineering, Shaanxi Province Key Laboratory of Paper-
marking Technology and Specialty Paper, National Demonstration Center for Experimental Light Chemistry
Engineering Education, Key Laboratory of Paper Based Functional Materials of China National Light Industry,
Shaanxi University of Science &. Technology, Xi'an 710021, China)

ABSTRCT: Polyimide, as a kind of special synthetic chemical material, is widely used in aerospace, rail
transportation, electrical insulation, high temperature filtration, special protection and other fields due to its high
strength and high modulus, high temperature stability, insulation and flame retardant, etc. However, polyimide
materials have some limitations, such as poor interface adhesion, chemically inert, smooth surface, and
hydrophobic interface, which lead to the finite dispersion and weak bonding when combined with matrix. Herein,
the main approaches of interfacial activation for polyimide materials were reviewed. Whereafter, the interfacial
active groups of polyimide materials and types of graft materials were introduced. Additionally, the advantages and
disadvantages of existing activation strategies and grafting materials for polyimide were discussed. Finally, the
modification directions of polyimide material in future were proposed.

Keywords: polyimide; interfacial activation; chemical grafting



