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(19 A 25 PR R ST B L AT T DA SR AR 1 R A R
PC/CF E-& M KL, B #i A& W, LA PELX CF #E 4T % 1H 12
i 33 171 il %6 PC/CF 2 & M BRI B 9T . AR 3008 R GiHh
WF5¢ T PEI il CF & & X} PC/CF £ & ¥ kL /12 /il 5
WEEMERR R R T T R ARG R AR
e ok 5 AR A DR ) & 5 R i R, W]k PC
TE 5 B i 7 5 M B R B A M R (T T L AR IR A
8 KGR 55 ) A3 R 1 R

1 KIS
1.1 FERERF

CF: T300B 3000-40B, H A 75 [ # 20 & 4L ; PEI:
ULTEM™-RESIN 1010, b § 2% fili T ok A & ; PC:
Tupilon™ H-4000, — 35 14, % #k 2 2 4 s N,N- — FT 2k
Wk fi (DMF) . 75 B (Acetone) . 47 i ik (90- 120): 43 #r
af, gl T R A T A WA R (65%~68%) = 3
Mral, s i B e A Tk 70 )5 DY &8k I (THF) : 4
Brali, sl Ak Tk 70 R 2 =] L) 1010 41
ST 168« F [ T R B4 A F
12 H&HE
1.2.1 CF & 2 4 32 : ¥ CF JIN &R IR B A%, F 4k
FAUEG L 1e1 AR A P DY 0 P R A el i VB 5 V5 R 25 T
24 h, 7£ 60 C & X T 15 6 h 3K 15 Jit % 58 & ) CF
(DCF). T ¥ DCF i A 5 i ke Ji, n N IR i 1%
80 °C [F1 %t 1 h, B J5 I 2849 /K & B ¥k B 3 pH=7,
FEAE 100 'C EH %5 T4 6 h 15 3 % 1L CF(OCF).

1.2.2  CF &9 & @ 14 4% : L DMF ¥ 71 B il 3 5 43
N 1% g/mL, 3% g/mL, 5% g/mL ] PEI & W . #
CF 73 7 N PELE 4, 1 min J5 BUH, 120 °C 3%
AT 6 h DAAIJES 25 B v 711

1.2.3 PC/CF & & # #4694 % : BUi& & PC 7E 100 C
AT 4~8 h I IR £ BR/K 4 o 1% 8 Tab. 1 Brosic
J7 il 2 FE o W E % AL (Rheocord System 40, 1
HAKKE 2 7)) I 4 250 °C, #6334 10 t/min, T A
PC. fFPC &AL 5 AN CF, ¥ %€ # # A 40 r/min,
%R 5 min J5 BCH PR, H 2 E 3 R 7 AL
BT A (IR 260 °C B 10 MPa), 4 18 AH 56 b v 4%
BIRE 2%

1.3 Mk 5 R

131 CF & @ & o4 : FHHASEAGM
AXIS SUPRA+MY X 5 280 HiL 1 RE 1% A X CF 4 1 T
AT 8T b = B2 4x107° Pa, ¥R K A
Al ka'¥ff 25 (hv=1486.6 eV), TAF LK 14.6 kV 1T 22 Hy
M 13.5 mA.

1.3.2 1% 2ot $ 2 50 6 3 5 A7 K A 55 [E Thermo
Fisher Scientific 2 7] [ Nicolet 1S50 FT-IR % 2T 4#p 5
TSI R R R DR A RO AL AR B (ATR) . F 48
B HN 400~4000 cm™, 23 FER N2 em .

1.3.3  faAd 7y 5204 g6 X S B GB/T 1040-2006 it
17 il B, 7E Instron 5567 J3 & #4 RL B 58 AL b 2 47 Wl
B, fr 2 N 10 mm/min

1.3.4  F b A8 X O R BTN 6 cmx6 em 1)

Tab. 1 Preparation of CF/PC composites

w(OCF)/% Antioxidant/phr
Sample w(DCF)/%
1%PEI 3%PEI 5%PEI 1010:168=1:1
PC/DCF-10% 10 0.05
PC/DCF-20% 20 0.05
PC/DCF-30% 30 0.05
PC/OCF(1%)-10% 10 0.05
PC/OCF(1%)-20% 20 0.05
PC/OCF(1%)-30% 30 0.05
PC/OCF(3%)-10% 10 0.05
PC/OCF(3%)-20% 20 0.05
PC/OCF(3%)-30% 30 0.05
PC/OCF(5%)-10% 10 0.05
PC/OCF(5%)-20% 20 0.05
PC/OCF(5%)-30% 30 0.05
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Frk, B Ei i HOT DISK 2 ] £ TPS-25008 Y & #k
I3 BT A R BT R IR 3 2 40~50 mW,
B ] 2~4 56

1.3.5 @ HCPE Ak X« SR F 2R T < R R A AR A
PR 22 &) (1) HDT/V-3116 24 #4745 12 4 R 34k 5035 52
TE AR 52 BRI 4E R AR FE (VST) #E 47 I .
Z 8 GB/T 1633-2000 #F 1T il £, 71 faf 50 N, FH I i
# 120 C/h.

1.3.6 4% & M5 5% & 4E 2 K A 35 [ Thermo Fisher
Scientific 2% @ ] Apreo S HiVoc %37 % 5t 74 fL 7 fi
W BE (SEM), 1 30725 %4 7, 5 kV I B &, X200
W% 4 4k 3 JS (1) CF 2R TH A1 A A ORL 7 A R 2% B 1 3
TSR

137 CFRAEARAS A MEEEMETERK
JEEL 2%, 4 B F THF Al DMF 268X 12 h PL 58 & %
M, ¥ CF H /K £ B 4 05 W 18 B3 i
Fr oK & W5 K Ja B A 4% [H Leica Microsystems 2y
] (1) DMLP 2 ffi o't & Sl 5 % CF 347 Wl

2 #HRE5iTE

2.1 CF&xRES KA KX PEL 2163 R 69520
Fig.1 /& DCF #1 OCF ) % 49 4§ XPS 1% & . xJ T

DCF 1 55 , #% 1iF & £ #5 Cls, Ols, Nls, Si 2s 1 Si

2p. CFfEfliEEfEd, T RIATEE, (0=
MR TC R IR B, LT 3 >k B T PAN Ji 22 4F P~ rh ik
FA TR 895 B, A0 3R R T AR R A O R
filh 2] 1¥] CO,/O;

Tab. 2 /& i R | AL 1T 5 CF R T u KA X & &
P AL . AT LA H, &0 B 4k ¥ 5 CF 3 [ Bk 7t &=
19 AH X 75 5 H 84.36% N B & 78.35%, 1M1 48 UG K I AH
XF & U B 12.00% T 2 19.86% , 4/ 6%k 7T % L
017 E -3 025, A FR AE 5 I B 1 S A0 7R e
A [ CF R A= H B, AT R & 2EIG .
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Sigs $i2p
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Fig.1 Wide-scan XPS spectra of DCF and OCF
Xt ALTT A CF [ Cls K 4035 BE AT 20 UL 5,
25 R L Fig.2, Tab. 3 W 51 Y 1 %046 40 22 A J5 CF 1

Tab. 2 Elemental composition of CF surface

Relative contents of chemical element /%

Sample Atomic ratio(O/C)
Cls Ols Nls
DCF 86.36 12.00 1.64 0.17
OCF 78.35 19.86 1.79 0.25

1 1 1
292 288 284

L}
280

1 1 1 L 1
292 290 288 286 284 28

Binding energy/eV Binding energy/eV
Fig.2 Cl1s spectra of (a)DCF and (b)OCF
Tab. 3 Relative area of each component in the fitting of Cls
Relative area /%
Sample
c—C c—O C=0 —COOH
DCF 81.2 15.3 3.5 0
OCF 73.1 13.0 11.0 2.9
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Cls gl & & 7 &M AHXT A . Fig.2(a) =& DCF [
Cls K4l , B 1 47 82 5% (C—C, 284.8 eV) 4, DCF %
T I8 17 75 % ¥4 35 8Bk 8 (C—O0, 286.3 eV) PA Je /b &
[ 3% % (C=0, 288.0 eV). Fig.2(b)/& OCF ] Cls 4% 4
W, TR R I S A AR 815 CF R ) & A B 1A
T R RIAH R & B R AE T AL, B T & H C—O0 HE A
Ah, AT A 3 B FE 3 1 (C=0, 288.8 eV) Fll /b B [ &
H 3 [F (—COOH, 291.0 eV), H:  C—O % B 1 k1 %}
8 M 15.3% FBEE 13.0%, 1 C=0 & [F A Xt & &
M 3.5% b T+ % 11.0%, I H 774 T —COOH 3 [4] .
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W EE 3G 0, CF R 1M Pt 45 1) PELIZ #i 34 £ . 4 PEI
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7, {2 DCF 3 [fi () PEIL 12 1ffi J= JF A~ 41 OCF J #%: 3
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(L= O R BT G R s A B R DR S 1 B
EE N
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Fig.3 SEM images of (a)untreated-CF and (b)oxidized-CF
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Fig.4 OCF coated with different concentrations of PEI sizing agent((a)1% g/mL, (b)3% g/mL, (¢)5% g/mL)
and (d)DCF coated with the concentration 5% g/mL of PEI
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Fig.5 FT-IR spectra of OCF(5%) and pure PEI
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Fig.6 Relationship between PEI solution concentration and actual
sizing amount
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B8 30%), M Lb T & ¥ 5 1 PC/DCF, 8 % 4 il - 7t
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Fig.7 Tensile strength of PC/CF composites with different CF
contents
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Fig.8 Thermal conductivity of PC/CF composites with different
CF contents
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WA EE, CFRAEMK T BERE, HIETCFE
CF 2 [B) 1) B ¥ 8z i, AR T 3 N 4% T2 B, 256
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B, AR KIEiE & . HEEE CF Y & —
B B TE, VST W3 Ik $4 i 2% , 24 CF & &4 30% 17,
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T T KL 2 C. X W] fE 2 T PEL B4 1 A f
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Fig.9 Vicat softening temperature of PC/CF composites
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Fig.10 Histograms of frequency distribution of carbon fibers
separated from PC/DCF-10% and PC/OCF(5%)-10%

2.6 WTEFIIFAE

Fig.11 /& PC/DCF- 10% $i fifl # 5 W7 1fi (1) SEM
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10 pm

Fig.11 SEM images of PC/DCF-10%
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Fig.12 SEM images of (a)PC/DCF-10%, (b)PC/OCF(1%)-10%, (¢) PC/OCF(3%)-10% and (d)PC/OCF(5%)-10%

SR AR DRI FG R e 5 AT T 48 0 R TS 1 R Ak
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CF £ % . 4 PEI i 4 & 42 &= % 2.04 g/10 g CF i},
AL AT BLE 2 PC ¥ CF 'R 'R B2, [FIR 1L 7] DL 3
CF M EEM R th )5 Bt 55 78 HL 3R 1H 1 2R & 4, Ui B PEL
[ % 1 W B 2 2 E PC/CF 52 & 4 kL 5T 8] 1 2 Bt
Jlo U7, X R B EECFRIMTEED
A T B L CF 5 CF 2 [A)i i AH B 45 82 47 #% &
MR AG , HAESE T ESCR T E A MR 2 AR
e

3 it

(DM A CFRM M A TR & B
12.00% 34 111 21 19.86% , £ = 1 $ie K= Kk A 1 7% & 9 77
AT RFEEFE A, B SEM B AT LLE A AL JE 1 CF &
[l PE1JZ S Ny 51 58 %

(2)PEL X} CF 2 [ 12 1 o] $2 7+ 5 & ¢4 k) $i
R B, B AT IA 143.7 MPa, bR 20 kb BEAE 415 i) CF
W5 PCH A M EHE & T 352% . 7 H A 2% W7 1H (1)
SEM & B, B & PEI & = 134 I, PC X CF 132 i

RORARE = .
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FHaH RN NGNS, I HE G MBI VSTER
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F]154.1 C.

(4) PEI {47 7£ 243% 1 CF Al PC 2 [d] f) 53 T %
Bt PERE A R T A e TE B SR AT 4 5 M T A TR 1Y
15, 29k 8N 1.38 g/10 g CF I}, PEL X & & 4 K
PG R o R A U . (B 2433 — 25 B9 PEIL [ iR
BRI, BEYAE CF R 0 AL 5 X #4 & 78 CF Z [H]
BB TR T BLAS, SO #T R FRIG.
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impregnation and interfacial adhesion in carbon fiber/

Polyetherimide-Modified Carbon Fibers and Their Effects on the Interface and
Properties of Polycarbonate Matrix Composites

Junyi Liu, Beili Hu, Jingru Wang, Jianxun Wu
(State Key Laboratory of Polymer Materials Engineering, Polymer Research Institute of Sichuan University,
Chengdu Sichuan 610065, China)

ABSTRACT: The surface modification of carbon fiber (CF) treated by oxidation was carried out using
polyetherimide (PEI) as modifier. The effects of surface treatment were characterized by infrared spectroscopy (IR),
X-ray photoelectron spectroscopy (XPS) and scanning electron microscopy (SEM). The results show that the oxidized
CF can obtain a more uniform and complete PEI modified layer. The effects of PEI and CF content on the
mechanical properties, thermal conductivity and heat resistance of the CF reinforced polycarbonate (PC/CF)
composites were investigated. It is found that the tensile strength of PC/CF composites is increased by 35.2%, the
Vicat softening temperature (VST) is increased by about 2 ‘C, and the thermal conductivity is increased by 13.1%
after modified by PEI. The SEM images of tensile spline sections confirm that the PEI modified layer improves the
interfacial adhesion of composites. The performance of PC/CF composites was analyzed based on the statistics of the
length distribution of CF and the SEM images of the sample sections.

Keywords: carbon fiber; polycarbonate; composites; surface modify; interfacial adhesion; thermal conduction



