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Surface Modification and Characterization of Vapor Grown Carbon Fibers

HUANG Yu-An YE De-Ju SUN Qing ZHANG Hui-Liang SHEN Jian-Yi*
(Department of Chemisiry, Nanjing University, Nanjing 210093)

Abstract: The surface chemical modification for the vapour grown carbon fibers (VGCF) produced with the
catalytic dehydrogenation of hydrocarbon have been performed by concentrate nitric acid (65%~68%) for various
times in order to extend the practical application in composite materials. The structure of VGCF has been char-
acterized by XRD technique. The XRD results show that the graphite crystal structures of VGCF are transformed
upon modification, and the extent of transformation is a function of modification time. The BET results indicate
that through the modification the Sy of VGCF veries, and as the long modification time of 120 min is used, the
Sger of VGCF decreases distinctly.  The FTIR analyses illuminate that due to the modification the different func-
tional oxygen-containing groups are grown on these surfaces of VGCF, and the total amount of the oxygen-con-
taining groups increases with the modification time. In addition, the profiles of temperature programmed reduction
(TPR) display that more than two kinds of oxygen-containing functional groups exist on the surfaces of VGCF and
the total amount of oxygen for these oxygen-containing functional groups obtained is more than 2 mmol-g™. The
microcalorimetric measurements of NH; adsorption indicate that the strength and the amount of the functional
groups of surface acids increase with the modification time. The transmission electron microscopy (TEM) shows
that during modification no damage is observed on these surfaces of the VGCF. The experiments of absorbed oil
value (AOV) exhibite that the AOV decreases sharply whereas the hydrophilicity of VGCF increases. Double fluid
method for the measurements of the contact angles shows that after modification the surface energy (SE) of VGCF

increases apparently. The FTIR measurements of the modified VGCF treated with the titanate coupling agent indi-
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cate that the bonding abilities between modified fibers surface and coupling agent are enhanced.

Key words: vapour grown carbon fibers; modification; surface energy; coupling agent
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FRIBUE HE Ni 4 J8 i £k 550 1 R U & 145 0 )
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B UE AR, AE 500~1 000 °C 1k 22 i 1 15 B 75
VGCF,

12 B

W SARDOB R 1 48 F Btk VGCF BRI 7843
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FEIFTE(0.30.60 120 min, il 585 0B b 4 54K R
A B.C.D), I 5e e, e 2 i i, DAZE K ek &
b BT 105 CHUA TP TR 24 h %5 H .

1.3 RIENE

MM T JE VGCF A TEM(JEC-200, H A%) FTIR
(BRUKER VECTOR-22, 7# [ ) XRD (SHIMADZU
XD-3A BAFHAL, HAS, Cu #0315 mA, &% 35
kV, K8 0.154 18 nm) S5 I A48 4700 &, 78
TPR(S: 5% F 8, nyy /ny =5.14/100, 40 mL-min™ FHif
B 10 Comin™) Sy 2505 H HE) S50 A iR
ok 2235 6 (K 1 10 MPa) Kok i I 1 8 20~40
H Ok
1.4 HMERMEHRIE

TU3E & 5 Tian-Calvet #4502 ki 2 #4(L
e, L NH; &R 5 (2005 KT 99.995%), 1 5
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1621), Ve, A 8 S R AP AR W AT A7 7 B BE e i
) HEF , RRAE 4R XoF o B R i AR 5, T el
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Fig.1 XRD patterns of VGCF samples after modification

with different times

AT BEAR FTHR, Rk, HNO; 2t VGCF (1
i [B] N; E R K R, 5y AL R R b T AL
F K d=0.208 6 nm 1 d=0.180 2 nm 4k (1) 17 5
g 7 Bl 2 R A & A AR R (JCPDS-47-1406) , K4
X Al G 000 ) (1 Ak 70 N 5% BR AE VGCF AL
(4, DT P U 56 B i 2 17 T R 25 B8 VGCF Y
HIERT 9

TEAR 3 BT AS [ e Pk B 1) VGCF A i 10 47 B A 5
e fy H o 7 B R AN AL, B A Y 20 AR
IR IR d oo B (W26 1), T LA 31 J2 1] 1 {5 B i
R (8 154 g AR A I G DR PR T S TR A A
AR R Z IS Z RN, A S A i
(1) 2 25 ¥ 1 1 T BT 3

%1 VGCF WAEB&HEEE

Table 1 Interlamellar spacing of graphite structure
in VGCF samples
Sample A B C D
dony | nm 0.347 8 0.350 3 0.350 9 0.353 2

2.2 VGCF M Sger

K BET 3507 45 B AL AE 77 KR N, BIEF
THROR I A& FE S Y Sper, R WL 2, R 2450 5K
R A R B PR, VGCF B9 Sy BT80N, (A IF A 2
F %0120 min BUMER B Sy WU/, H
A Al LA 5 SCRRITR G (9 2 0L 5 00 Ji R AT AR 2 ik
PERN 22 AL VGCF 3R T i LA 2 A2k (A Ak
MHES XRD M 7E /Y d [HAZCECRAAR), s &
T VGCF "IN i A S5 0 1 8 20wl 804k, AT A
S W/

®2 VGCF#EmpyttRER
Table 2 Specific surface areas of VGCF samples

Sample A B C D
Sper / (m*-g™) 356 328 292 268

2.3 VGCFH FTIRiLE

Y TRk £F 235 YR 3N, ARG LLAh I iR AR XE
H 2 TR R AT A W SR AR e, SR ST AR 4T
AN 7 A 2 B AR B 2T 46 X KBr (%R 7 1/500 22
A, A BRI Y 2 T 35 AT 0 WA AR I W1 ) PR L A S 56
fIT I VGCF #f 5 1Y 21 41 33 Gt R #7E 75% L I,
VGCF &g it J5 , Hear sk Ean &l 2 i

M 2 v UL, KPR VGCF 78 1700 em™ 22
AAXER A A W55, RBIILET VGCF 2
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B2 MPERTE VGCF B AY FTIR 3% &
Fig.2 FTIR spectra of VGCF samples before and
after modification
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Fig.4 TPR profiles of VGCF samples
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U, B E VGCF R A7 e A 20 2 KA
AT HL I He ] (FE RS S ERA), 456
FTIR 3% [ 53 Hr 0] LUFIBT £ 500 °C i B i Ji g m]
RE R IR I MIPOL S, TMIAE 700 “CAL H B A HE
i Ji 06 R SR R 2 R M e i, 3 45 SRR R
A CEE R, i RT R 2 2R T3 T 0 F) AH ) R
NET LAFEIRT : A B 1] T B2 SR AL B A R ] R
FHENT, i B B ) AT A VGCF 3R TE B A
[F) 2R R RRPERE AT, 1 S AR iR Js VGCF 3
THT Y 75 SR AT 0 5 i B i 4 GO, 1 Af Pk
[, 72 AR ] S5 445 I JHC TPR A 340 J5t 0 | LA R 0
T AVE bR, i et 5 9 VGCF S g At

®3 HMCUOHHHWVGCF EmESE

Table 3 Oxygen content of VGCF samples from

T
200 400 800

CuO as external standard

CuO A B C D
12.57 0 217 276 331

Sample

Oxygen contant / (mmol-g™)
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Fig.5 Changes of differential heat versus adsorbate
coverage for adsorption of NH, at 150 °C on
VGCF samples
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Table 4 AOYV of VGCF samples

Sample A B C D
AOV / (g-g™) 10.7 23 2.90 3.9
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1 BE (SE) /2 R MEH) o0 3R 0 AR 0 22 8
BUMET S SE B (9 K /IN AT TR R AR ) BT M BOR |
VGCF DHH SE #m R EEA 25 B 2 55 LN, 2
R VR B 3 RO AR DB A R R
BRI E VGCF B il AN G i, S it , 5256 v ok
FHBUB I 5 VGCF B4 4 fih /A1 121, 3 5 31 3R A 1
rs Bl SE  FEA 41 R

3 Young's F7 AR T S-Ly-Ly A R0521 1551,

Ts,=Ts, T L‘LECOSHSL‘/LZ @)
K rg g M r, 239 R S-L; S-Ly Al Li-L, AYAH
] B 9K 91,04, 0 Ly P T — /NI L, 75 6
SIRILEFS PR

K5 Fowkes FE  rg Hl rg A5 AL

TSLF(rs,(lm—rrﬂ,dl/z)z +(rs,pl/2_rl,“pl/2)2 (2)

rSLZZ(rS,rlUQ_rLdeZ)z +<rs,pl/2_rLz,pl/2)2 3)

Ao r AR d R IR R RER T & L p
FOR MR E TR K (2) BT A (D) BB AT
5.

— 120, 12 1”2
=T L{"rw.zcosgsrt,/r?—z(rs.d) (r Ld TTd )+

2(rs )"y, P11, )
A Ly N K(W), L, 8 O 1E e ke (H), B IE K ke
5K T AR E o U (4) =R S
=Tt wicosOswn=2rs g P (rya =i %)+
2(rsprwp)? 5
PR, H ) L A T R S LR (GE 2 4 IE
Sé %fﬁ) 'T‘ X} 1% {lﬂ @i(ﬂ() E@ :J%@E ﬁl Oswii » %/\(5)5‘&3‘3 S
D7 SR AT SR AR Y e T 0
S B E SRR AE IR T (25 °C), LEC e

—
~



- 408 - kol A

ay,

o
¥

=

5202 %

FNESEBE R 2 FU, DAK R ia i e, D0 e [ 4438 7 7
TE B J A8 v K A 422 fi £, R SR P 2 LR
IS I (1) 2 T RE A VR, 38 A AR AT A 2 SR T BE Y
BAH reo

IS EAE T, BRI IS, VGCF 1 SE (1)
Wt AR AR K, B AR RS KRR
B 5, VGCF 1 501 SE B el 14 B 1] A 428 K 1y 385 K
A SCHRIR B, B B 2T 4k 2k e, TR I AR
PN A E S0 S N UE S TN

A AR 7, (2R AL EIASRAR K, D 5 A] R 2« SCBREO i
FH R0 5 35 2 BT A 0 Yy, U ) 3
WRLF 2 AR KA & A IR g, 128 AL 0 AR B &5 i
ARSI T R R, KR I £ 2 4 LG 5 1 3
FE—E R R e, R VGCF i LK - T & E
P AFL DR 45 A T 1) B e %) A B RS T SO0 AR 9 1, 1R
FRKA, HAb SRR IR re, 19 B A8 KA 1]
REZPEJS VGCF I 20, {75 2 1h1 1) 36 P o
A% #1415 VGCF RE MR L&) BiAH BAE A S £

SR AR VGCF BvEJe AR B A 7 & e DA (8 Bl v T 28 i
#£5 WikiEMER VGCF # MK SE
Table 5 SE of VGCF samples measured by double fluid method

Sample A B C D
Openaney 1 (°) 135 129 130 130
Opsane 1 (°) 140 135 137 143
rsq / (mJ-m?) 79.8 108.66 126.93 273.56
rs, ! (mJ-m?) 0.67 1.05 0.87 0.45
rs/ (mJ-m™) 80.47 109.71 127.80 274.00

2.8 VGCF B TEM
VGCF 2t fa /9 TEM BE - WWE 6, o] Wbk

B Je 9 VGCF R IR A W2 1 224k %iﬁm
e T I, W B R B0 AT W R R LA LA

B6 MPERTE VGCF Bl i) TEM H
Fig.6 TEM photos of VGCF samples before and after modification
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