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ABSTRACT  Surface modification of vapor grown carbon fiber (VGCF) was performed with the
two-step method. VGCF/shape memory polyurethane (SMPU) composites were prepared via a solution-
mixing method thereafter. The dispersion of VGCF in SMPU and VGCF-matrix interfacial adhesion were
observed through scanning electron microscope (SEM). Moreover, the mechanical and thermal properties
of the VGCF/SMPU composites were investigated. The results show that the dispersion and interfacial
adhesion for the two-step surface modified VGCF are greatly improved than that of the pristine VGCF; The
composites prepared with two-step surface modified VGCF have much better tensile strength and modulus
reinforcement than that with the pristine VGCF. The elongation at break of the composites are all reduced
after compounding of VGCF and SMPU, while the surface modified VGCF reinforced composites show
higher elongation at break comparing with the pristine VGCF reinforced composites; The two-step surface
modified VGCF is propitious to improve the thermal stability of the composites comparing with the pristine
VGCF.

KEY WORDS composites, VGCF/SMPU composites, surface modification, vapor grown carbon fiber,
shape memory polyurethane
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#—2, B HZ Mitsubishi 2\ & 7E 1988 4ETF KM,
o Bl SMPU B4 &RAR Bl & %M 5 s AN T, i
HAEREHAYRANE, EhBREZEEM B ES4
PR BRI W 1, BTk WL B
J& SMPU #y 12 e85 2, HHNHZBIR ). <H
KR4 (vapor grown carbon fiber, VGCF) &—
PR AT AERER SR RS E, BAE
RIE. WA, SESREE. SRR, 596
R 2R AR, BEBUAIRER, "E T
BEE SRR ZhEEFHRH R tA ] {H2 VGCF 5
S, RMETE R SRR AT SR A ). fhETE
BTEARF R R R B, KA %t VGCF ##473R B
PEALFR, H A THRE VGCF 7R TR i 4 8
PERE. A SCFE Ho0,-HNO3 *t VGCF #f7RE 4k
AL b, #& VGCF/SMPU E &8, o fr s
it VGCF £ SMPU Hfy i #E8E . VGCF/SMPU &
A FORHG SRR RE B TR RE.
1 BFHZE

1.1 SCIeHE

VGCF®(Showa Denko K.K), B2HIKE 45
% 150 nm, 10-20 pm; SMPU(H 2 Diary, MS-4510),
BRIV A 45 C; 1- F Xk —2- ML AR EE (NMP) (k.
22400): Y HNO3(65%68%); Ha02(30%).
1.2 VGCF XREXH

¥ 1 g VGCF 5 500 ml HoOg B R LM
TR, TEBCHERFBEHE T & T 108 Cilyi [l
2 h, R AEBEFKIERIFLE

122 VGCF # 500 ml #& HNO3 S BJE
PR, T BUSTEM S FET 115 CH
BAEG 12 b, R EEKER. SERER
2, REE T 100 CEZEBFHAPTHR 24 h 4.
1.3 VGCF/SMPU E&#E1051&

¥ ERFREMATEY VGCF 48T NMP #%
Fl, EFEAERERSTRSBRESE L L 8F
¥ VGCF Bz mAE R SMPU v, FI#E %
HEAMBEEERHELYSRES, AEKHESHERE
FHEHAPIHAESRSREE 10 min, AR H
10 cmx10 cm 9 PTFE #E 4, BE FEXTHBE
di7E 80 CHEF 12h J5, 7E 120 CHLF 2h, BEIKE A
MEHARE AT, MR T ZERRELHELY
VGCF il % &2 & skl
1.4 HEEMRXFIRAE

UK R A A H & W AF VGCF Fiitdy
VGCF/SMPU & &4, B JSM-5610LV B4 4
FUNEE G EEE S VGCF M4raih; WA
¥ HIEIT S WEE & & R IR IR 2.

il INSTRON-5543 AL hy HHLIHR AR ] VGCF &
BE A PORE B 1R, KEE ASTM D8g2-02,
ME S A B B sR BRI S R R, #F
ALK& R 5 cmx1 cm, JE3LEEE 2 cm, PR R
20 mm/min, MXFEH: BE 2342 C, HINEE
50+£5%. HRHEAZREN 5 1

F % E Perkin-Elmer 7y 5] 1 Pyris 1 Bl E 4
Fr{GUEARR VGCF &RiE S e 2R S 800 C
MR E, THEHEE 10 C /min, Z T 20 ml/min.

2 BR5ie

2.1 VGCF 4HMERFELESER

Xt FAE VGCF &R E Gkl &8/ T 3%
B, REGHETE VGCF HEER 44 B SMPU %
ki % & EA 5% B, K4 VGCF 7£ SMPU
FHRHHAR (B 1a), £ VGCF 5EE 22X HiZiE
HEAREEERT, B B3 L.
VGCF BB KMKZL, Y RBRKR, B2
THE AR AR, B 5K AR EZRRIEETER T
Eavet il B e LI, BEE VGCF S itpym, =
AR H MBI ESE (F 1c). ARMILFEA
FF VGCF Xt E GBI # RN BIGR, A5
TE R RY 1 46 i R AR BB N AR S SR BE. Pl LUE
3, VGCF & RERELE L f5, HERE S5
BRI TRKMES (BF d). FBERE €458
PR AL S R, SMPU 2 FAERL =4S HR 2
FEPRE, TEHIM VGCF L& FEMERE (I
B, BES) A SMPU 4378 B B3 A A AR H
{ VGCF fef% 7F SMPU 00 =4tk £ IE R 515
B

KT VGCF L5 B i i 7 45 5 110,

%t VGCF & #: 9% ) VGCF/SMPU & & khkee
T TRAKRE (B 2). WMAMEBTR RS-
# VGCF 44 5 N R gird, mTUHBE
FIEEK M VGCF £ 4R 88 7EWTTH S B4 i B
BEEREE EAESERESLEM/IER, )1
B BT R 240 M VGCF 5RRN AT SN
# (F 2a); 5 2a fI, BCEL A VGCF 445
B, AXZae TaEE , SEENESORAEH
BHHUNERR (F 2b), Boril VGCF RE B
J& VGCF 5EERERHHATE GRS HEH
&, Gt ARG R VGCF REER &M &
HEA FHSERNRAHSSENER —CREN
.
2.2 VGCF/SMPU & §#88) 3 MEE

4 SMPU IR &1 VGCF §y SMPU B & #
BHHL R . DL SR BIaE | DAL AR T L
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Fig.1 Cross sectional morphology of VGCF/SMPU composites with different contents of VGCF: (a)
pristine VGCF 5%, (b) functionalized VGCF 5%, (c) pristine VGCF 9%, (d) functionalized

VGCF 9%

B 2 VGCF/SMPU & &bhel Fi - i 45 A 0L

Fig.2 Interfacial adhesion of the VGCF/SMPU composites: (a) fractured section of composites with
pristine, (b) fractured section of composites with functionalized VGCF

B 3. 4. 5. )\ 3 A[LUEF, FE&E VGCF & H#pyi
m, EEMERREEE R LAY, GRS
43 VGCF 5 SMPU & ¥ 8 S8R e, &t %
H R EAL B VGCF 5 SMPU #il& B &8 8t
SR A BRMIRE. 24 VGCF &1tk 9% af, %
AL #) VGCF/SMPU & & b8l i fir i 38t
BLE LA SMPU 25 T 3 £%, &AR47 VGCF #l4&
W S APEH T (SRR LAY 1.5 5. A 4 dm]
UEH, BAMMAHHERE A SMPU A8 B/
#Be MTFHSURELGHEY VGCF H&ME S

B, HALREREE VGCF & mmsgm, 44
B4 9% B, HALHIRE R SMPU #y 1.66 % 5/
R4 VGCF Hl &M E AR, Sxt R
AL YR VGCF %1 & A B SR BB B 47
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Fig.4 Comparison of tensile strength of the
VGCF/SMPU composites
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Fig.5 Comparison of elongation at break of the
VGCF/SMPU composites

=, HbiE VGCF & iy 3% hnifn 5 .

R RZAAFERN VGCOF H&ME SHMEL %4
VGCF & 88T 7% W, HAr s ER VGCF & it
FysS IR, 224 VGCF ¢ & &M 7% FH3] 9% BT,
T om0 FRE. RACHEE VGCF 7E SMPU Hifk
R IR EUE (B 1o), FHBHER, 5
BT IR AR 43 I ) B KT B X B B G AR
H Lo A PR AR, XA B 5 R E SR
W R EEHBARMN EERE. £ SMPU &
WIS VGCF 5, &M s SMPU [
i, MEvERE N, B EE VGCF FRamE
T, HEMHETREOSELEN VGCF 5
SMPU #| &M E &R R B R THEH
FZAH VGCF #l &89 2 & L
2.3 VGCF/SMPU E&#a#pMaE

ME 6 ATLLE W, 7E 300 CAAM 400 CHEL
B 2R AR fR T BL R B 4. PU/SWNT B &
Y TGA 44 L B KR E 4, WIHE F PU
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Fig.6 TGA curves of the VGCF/SMPU composites
(a) TGA curves, (b) the magnification of re-
gion A in TGA curves

HIENEE 4T (100-350 C), BMATE VGCF 5
SMPU & 2 ¥ R4t SMPU & iREE K EREN S
PUBE A, W R WG EH VGCF #l&HWE &
B AR & AR A VGCF # &M E S ee %
#Hb (& 6b). XAV, Stttk FEs VGCF
£ SMPU HREfE R 4143 8O H 5 B A 8 arey 7w
EBIE BE T B ARG O iR
9 VGCF {EHfk Bt £ (S |k 5%, 9% BY),
TR AR LI, AR &R R G KR
MR A RE LAY VGCF 2.

R GH T SRR A R E AT 300 C
1 400 "C L, RIE R & FPBE R R 15 R T GG B4R
Xt TGA ki1 T S H A, 155 300 CTLEAH 400
CEARBHMEHPERBFEBRMRTBRRE (R 1).
MFE 1 oI, VGCF #nAX SMPU [ 2 #1690
TP TG A S, (ELR SR AT A B R RR .
VGCF % htikE| 9% b, stk b 38y VGCF R & 44
b a] AR RIS L2l SMPU 4855 73 18 C,
MR VGCF ff & & ¥kl S AR S MR 1
4 SMPU H#g5 8.5 C. XKW, st bH R {EME
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Table 1 Thermal decomposition temperature of the VGCF/SMPU composites

Samples reversible phase/'C fixed phase/C
0% VGCF(pure SMPU) 318.4 437.3
5% Pristine VGCF 321.8 438.7
9% Pristine VGCF 326.9 435.4
5% Functionalized VGCF 328.7 439.2
9% Functionalized VGCF 336.1 439.4

VGCF TERE PN HtE K SRR FHLE S RER
R EE, BEBTRER SR REER.

3 &

L HRACHEE VGCF M, H SR
i) VGCF 7£ SMPU Fefdk i 70 e B 5 2 iy 5 18
SRR ABRBIES.

2. Bt RELHHEE VGCF Xt & &5 8y i
B S A AR R A R R BUR E MBI B, SMPU &5
VGCF Z &/, HW R AR RA FTREAR, X5 fH
KEEWEED.

3. REAHE VGCF EH M FREZ ST
RIRENE. R R E 4G B B M L TR
VGCF %t SMPU e[ #iAH R i R s R
.
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