$oll FHa N1 N7 N = Vol.21 No.4
2006 4E 12 A NEW CARBON MATERIALS Dec. 2006
XERS: 1007-8827( 2006 )04-0343-06

& LT HE PR R | AL R R E UL

REE,
(AT A RS TR GBI, Tt

STR M
Z’:\" 71(17%
100029 )

A OE: RIS R IEC PAN )RG5 27 2 AT 2 0 v R 5T e e ARMD) (X BP0 L 1
RS XPS ) A9 fe 7 B i BE( SEM ) B4 12 37 DMTA )X 5¢ 45 4 Fe i i MERUR AT T 098 . R 245 38
W1, B 2T i 22385 24 1) PR SE A 3R T P s, 36 T RELRGE 38 R L S T AR O, R TR 5 B i vy 31 % e e B vy
61 % o RIMBIESELT ALY SR IR FE AL 5 A R CERP B S MEc2F 4 CFRP, B3 ALl EC Tg ) TH i , 5y IE D)
{E( tans,, JFEAG, 5E BT A SR ZE S5 S 40 A 1 o 55 CFRP B 22 ] 55 )5 JEC ILSS )i Sz A 2 27 4k 55 g i [ St
TFRASHOR — 300 R AE M APk 45 T il CFRP 1) ILSS #5525 % , £F 4EHT s B AUk 5 % -

KB TR FHAR S s R s BT e SRR AR 5 sh SR~
HESES: TQ342.742 SERARIRAS :
=

IREAE A R LR B R LA T v IR T
Tl P IR R BN — R BN 5P BE TR 2 4
MERMZE A HERE W TG, 2 21 TH20 (9 B8 (6 i, 1)
2N T A A R S R S ) (R B
TR B0 R 2 e T b3 e 4 4, 3 M L 3 T AR
INC—fE <1 m®/g ), F BT, 221 2 PUAS Wb, 24
5L RB BE S A, PRRH A I A iR T A A5 AR
25, DT A5 e 2 4t 26 0 S PR Re i LA 74 & 4%
(R I , o £ 4 e T PR At o B i B 3 5L

TETE L I B 2T 4 2 ThT AL B 7 v b ™ A B
WA A, SOV G2 RN, S5 5 THs il A AR I
S F 5w T A =M iE 3. B, iF 2 b
HBESE % H KNO, 2B H, PO, " 1*' NaHCO, "',
NH,HCO, - NH, COONH," """ £ da i ¥ o it 35 o 21
AeRTAVERE, S5 A BFTE 0 R B 0 8 A B
T el 45 A #HB CFRP ) J2 6] 55 4 5 5 ILSS )f#)
$EE . EH R NH,HCO,/NH, - H,0 & &k & i
o er e e ehobE , & B03E B H A A5 0F R AL B )
CFRP [ ILSS A] LI 25 % , MHiPr T 4o B A 37
55% .,

AT F B A sh 2 S 2% #4443 H7( DMTA )
TR LT 4 52 A M BHE B S5 T 124 M RE ny A2

5 B H#:2006-07-14;  {&[E] B #3:2006-11-26

b, IR 25 A e £ Y psis i S H: CFRP [ ILSS 1
A Al R AT B S8 Ak 75 Yo i 2T 4 3% 1T %) Ach B35 SR
Ak, s FET 1 B ARM ) X SR HE T g
HEC XPS ) A9 LT W AEE( SEM) AR Se itk o i - Bt
X O S 1 o £ Ak 3 T A T RS RN AT

2 S
2.1 E##

PAN JLx 2 4k - 1k JTOHRBL, R &R
iR 28 : e drali, At 2t 21 B4k T A R A Rl A
PP SO VARE Ay b el At Al A w AR
WEM G 618 : BRI T I8 R 7.

2.2 mAHEFRERETE

HETHE B SC AR VR T UE , SRS TR — 7 19 L i
ZAF O LA IREE 30 C LR 90 s H JAE 58 JE 4
% 1.3mA/cm’. 1.5mA/cm’. 1.6 mA/cm?.
1.7mA/em’ ), LUJREF4E A BEMY , T F A Al 4 854 7 B
W E AR AL, 2 J5 P2 vt T Rm e T
P W, 15 B R VIS 1 27 4
2.3 RAKEEESHHRIEFIHE

DIFRERIAR 618 Sk, = 2 M M A E A7
a3 5 5 FH # AR b 3 T Ak BR AT S B e £ 4 Fi BR
GB3357-82 i i, CFRP il tkE &

E&WA : FE A RBF ST S0 FH( 50333070 ), [F K 3 ARFEE4( 50673011 ).

BIRAEE X

7%, E-mail : liuj@ mail. buct. edu. cn

EEBN W aiE (1973-), Lo, INFaRIRON A4, 22N e £F 4 B A AL 2 T et T2 S ML WF5E . E-mail: guoyx123@ sohu. com



- 344 - oo OB MR

F21 %

2.4 Stk

JH3% [ Nanoscope Ill a Y J51 1 77 &k i 5% W& 7
YR MIE A

JE VG A E4E 71 ESCAlab 2202-XL #1 X
SYEOCH T REIE AN, b e AT e R AL Uy o S
LN ALK, , FHEER ST D)% R 15KV x20 mA .

JH# [E GAMBRIGE STREOSCAN 250MK, #
il WA WLEE CFRP Wy B

JH 25 [E Rheoetric Scientific /7] DMTA-V %5
BHUII BT AL, T3k CFRP 1Y h 25 J1 2. 728
B T5 Ao = A, RO L Hz, TRl 3R
5 C/min, & EETEHI M 50 T ~250 C,

FH e [E INSTRON-1121 #UJ7 BEA AL 5 LI
CFRP JZ[RIGYVISRE . BRI 501, 53k TR
>N 2 mm/min,

pm

{a) Untreated

3 ZRETHe

3.1 RFHEMRERIR

B 1 BHAR AT G o 4 4 i ARM EI(C H S
FiloA 3 m ), HeAr ] 1C a ) ok 2 Ak B Ji £F 24 36 1
H: CFRP 1 ILSS & 70. 8 MPa; 1( b ) A £ B & 1k
J& W) S £ 2 FE T , 2L CFRP [ ILSS 4y 88.2MPa, M
B 1 HRaT DTE M R B, kYR R SR AL HE
T, L T 22 B0 0/ 22 YR T 5 1 T A 2 1) P A 7 HE
G VR X & PAN FEaR 27 4R i f b R 22 [ B
b B s 28 T A AL AL B S , B £F 4 35 T Y
Sl 1) YAV AN ASCBH S o s T, L H P R T eR O v A
SRR AN SR 0 R, 356 2 PH R 48 Ak 220 1k 11 0 R 25
0

m

(b) Treated

K1 smeerdekming AFM K
Fig.1  AFM micrographs of carbon fiber surface
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Table 1  XPS analysis result of surface chemistry of untreated and treated carbon fibers
Current indensity J/mA - ¢cm =2 ILSS 7/MPa C—C x/% C—OH /% C=0 /% COOH /%
0 70.8 68.6 18.9 7.5 5.0
1.3 78.0 62.7 21.9 10.5 4.9
1.5 88.2 58.6 24.8 12.1 4.6
1.7 72.5 61.0 23.7 10.6 4.8
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Fig.2  SEM micrographs of cross-section of CFRP
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Fig.3  Relationship of storage modulus and temperature of CFRP
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Table 2 Tg, tand,,, , interfacial adhesion parameter and mechanic performances of CFRP under different treating conditions
Current density J/mA - cm > Tg/C tand,, A o o,/GPa ILSS 7/MPa
0 120. 68 0.2374 0.3556 0.3340 3.45 70.8
1.3 122.30 0.1685 -0.0378 0.4488 3.38 78.0
1.5 124.08 0.1576 -0.1000 0.4670 3.30 88.2
1.6 123.89 0.1653 -0.0561 0.4542 3.26 84.2
1.7 121.02 0.1876 0.0713 0.4170 3.60 72.5
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Surface modification of carbon fibers by anodic oxidation

GUO Yun-xia, LIU Jie, LIANG Jie-ying
( Beijing University of Chemical Technology, National Research Center of Carbon Fiber Engineering and Technology, Beijing 100029, China )

Abstract: The surface of polyacrylonitrile ( PAN )-based carbon fibers ( CFs )was modified by anodic oxidation
and characterized by atomic force microscopy, X-ray photoelectron spectroscopy, scanning electron microscopy
and dynamic mechanical thermal analysis. It was found that the roughness and specific surface area of the carbon
fibers were increased after oxidation treatment. The contents of hydroxyl and carbonyl groups of the treated PAN-
CFs were higher than those of the untreated ones. The loss tangent peak value ( tan§,,, ) of the treated carbon
fiber reinforced epoxy resin composites ( CFRP ) declined compared with the untreated ones, and the glass transi-
tion temperature of the epoxy resin was increased. The interlaminar shear strength ( ILSS ) of the CFRP can be
increased by 25 % under an appropriate oxidative treatment,and the loss of tensile strength was only 5 % . The in-
terfacial adhesion parameters A and « were quantitatively evaluated, and their values were consistent with the re-
sults of ILSS of CFRP.

Keywords: Carbon fiber; Anodic oxidation; Surface modification; CFRP; DMTA

Foudation item: Key Item National Natural Science Foundation of China ( 50333070 ) and National Natural Science Foundation of China
(50673011 ).
Corresponding author: LIU Jie, E-mail: liuj@ mail. buct. edu. cn
Author introduction: GUO Yun-xia ( 1973-), female, Ph. D. Student, engaged in the research of teachnics and mechanism of carbon fibers surface
modification by anodic oxidation. E-mail: guoyx123@ sohu. com.

( #F AR E )5 Elsevier & £ H R 32 32 M 48 KR

F 2006 4757 4 BB A4 kL )5 Elsevier H MU G 1 H S SCIM 45 ii( New Carbon Materials ),
BRI L ) DS I 265 R -5 Hh SC BRI R) 25 H i, JHG S 3 0 SCORe A Bl AR ) 4 2 23 DA o SOR i P Bk e 1
Fe O AVEE S T BRSSO R S EE B 5 AR B -5 SCER R R Y R — e S SE A AE R

Elsevier , Bk e K BUBHE K B2 2 AR AE P =2 — , S Ao 2 BT W ST ), I B e BRBLAF B A3 0 BBk
K122 ScienceDirect 784 HRRAEHE - o CGBrALBATRE M R 38 [ 5 AR 2E RIS A — AR5 0
ST T FE AR A R R 1 S S K B B B A R DI SC IR 45 W Y ScienceDirect 78 25 HY R, B IR 25 AR Tl & &
) SC A B S R AT 3 A T O A Bl T I RS R ST v e b RS R A R B R
Nk s, A ot T [ A BB T AR 5 E BRIR AT B 22 AR S i -

ST R E L E ] E PR, BT ScienceDirect 33— 5 K (1 W45 H RRF- 6, 85 0B B R RL ) I B BTG 2R
R RLABIIERIIEFT 07 R 78 A0 5 B A S JE 1 1) B v K 2 A T

C FBURBERE )i
2006 4E 12 A





