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ABSTRACT: The work aims to prepare helical carbon nanofibers by the ethanol flame method, and examine the effect of
different surface modification methods on the hydrophilicity of the as-synthesized helical carbon nanofibers. Firstly, the effects

of different burning time, nickel-flame distances and SnCl, solution concentrations on preparation of helical carbon nanofibers
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were studied; and then the helical carbon nanofibers were modified with water vapor, polyvinylpyrrolidone K30 (PVP) solution
and sodium hydroxide-concentrated nitric acid solution (KOH-HNO3), respectively. The prepared helical carbon nanofibers
were characterized by scanning electron microscopy (SEM), transmission electron microscopy (TEM), Raman spectroscopy and
X-ray diffraction (XRD), and the influences of different modifications were evaluated by infrared spectroscopy (FTIR), X-ray
photoelectron spectroscopy (XPS) and sedimentation experiments. The experimental results showed that increasing the
nickel-flame distance could extend the yield of spiral carbon nanofibers, but deteriorate the uniformity gradually, while burning
time lead to fluctuation of the uniformity. In addition, the concentration of SnCl, could also affect the morphology and
uniformity of the carbon nanofibers. The optimal parameter for preparing uniform helical carbon nanofibers was: 73% SnCl,
solution, 1.5 cm of nickel flakes-flame distance and burning for 9 min. The FTIR revealed that hydrophilic groups can be grafted
on the surface of the helical carbon nanofibers by all the three modification methods. The sedimentation experiments showed
that the PVP solution or KOH-HNO; modified helical carbon nanofibers possessed better hydrophilicity than water vapor
modification, and after standing for 48 h, their sedimentation rate in aqueous solution decreased from 58.3% to 26.7% compared
with unmodified helical carbon nanofibers. In conclusion, ethanol flame method can be used to prepare uniform helical carbon
nanofibers whose morphology and uniformity can be controlled by burning time, nickel-flame distance and SnCl, solution
concentration. Uniform helical carbon nanofibers could be prepared under special conditions. It is found in modification through
the three methods that PVP solution or KOH-HNO; modified nanofibers show better hydrophilicity than ones modified using

water vapor. The modification of PVP solution is easy to be operated and does not damage the morphology of helical carbon
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nanofibers. It is more beneficial to the modification of spiral carbon nanofibers.

KEY WORDS: ethanol flame method; helical carbon nanofiber; surface modification; hydrophilicity
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Fig.1 Schematic diagram of preparation of helical carbon
nanofibers by ethanol flame method

1.2 BEHEBRYNK T4

AT 5% F = 7 2058 i %) R Ak 48 K £F 4
PEAT T e AL B

1) PVP 2Pt (P-CNFs) . # 0.1 g MRHEmgiK
YA R 25% PVP KW (1 g PVP [EANNA ]
3mL EEFKEM) B, 30 CTRE i 24 h, B
OO Pl P MR BEBR 98 K 27 48, IOkl 281
KRR AT VE 3 K, 7E 60 CHZS THEA ot T

2) KZES P (W-CNFs) . ¥ 0.1 g I2iEmah

2T RA T

3) EAALEN-MRAS IR M ( AB-CNFs ) o B 0.1¢g
WETERRAN AL 4E, A 10 mL ¥ JE N 2 mol/L BE A
LR, B 1 h, SREHAEFRKEOERET
PE o BRI DRI W IR BERR A K £F 4 T )5, A 10 mL
WRHER, #7730 min, SRJGTE 60 C/KIEHRE ST
12 ho deJ5 25 8 1 /0ORs ol M (4 BRI Bk 49 oK £ 4 35
e, 7E 60 CEZS TIRA T,

1.3 BEL

43 HIFREL 0.015 ¢ P-CNFs, W-CNFs, AB-CNFs
HI CNFs A B L, WA S mL KB TK, #HE
10 min, BRI BIFW . FE—ERE (0, 24,
48, 72h) J5, TEVW LHB 1/4 KbHC 1 mL IR G,
AR RSN my BT, PREJCSANE 5
R my o SRJE WS S A IR A B S E T 60 C
B ELZS THEM T 48 h, HE LB PR T, /
R LTI B (5 A R T A el R e 40 K £
4 ) B myo FHAT m=m;—m 118 L 1 mL
BERTHE ik 20 K 21 4k 5 7K TR A5 W0 v T 5 MR E e 44 K 2T 4
B m, [RIAEF 2 28 p=[0.030 — (m3 — m;)]1/0.030x%
100% 133 W2 HERR 40 K £ HE (I DTRE R . Tl m ORI
TURERE p /N, FORIBBERR I K L 4E R DTk, 78
K ERR e PR, PR A

2 HERESH
AT ] A - IS | SnCl, Wik JE

SR B OB ANK 2T 4E 7Y SEM El ( VECA 3SBU,
$E7E TESAN AH) ) #1 TEM & ( TEM, JEM-2010)
WE 2 . B 2a—c £, BEEBR A - KIGHE R
i, SRTERR AN KL AR L) b, REE R ORI Bl K
T, WSIREERS T E . BRI B - KO B RO,
Bl J5 70 J I 0] PN DORR B AR ) R T, SRS B B
BEARGERE , FEAREFAEAIIE]; BLoh, B BB KA
JEEFRAGE , B SR T DURE e b b A AR /D I H KA
HE TR, SEuFZ e IBmm AR, hE 2d—faf
PIEBL, WG BRI WOR B YEIN, SRAOKREF 4 L
2B RRAR , W TE RS AN K 2T 4 (1) FL B i ks o, {H
SYREEREAR, ToE RGN . X2 TR SR A
W RESE N, A AR 7 A SR R, R M B 40 K £ 4
B RIS, IF H B R 2 AR 1E 70 FURE R/
B, A RBAE K 5] P SR ERR 9K £F 2t . 3 ] LA A
2j HPARBR GOK LF 2 T SAS B EDIIE, R TR
(Mo G0k ) (T SR AURIAS K/INASTRD , X R 40 K £
MR ARKRZER, X5 Y. Gao POk K
1R ANKE R LT HETE S 2 3 5 i A 4518 — 30 R
2g—i WAL, FEBEHIETE A 3 min B, AR T
IRR KT 4, (B PTR AR R 12, Kk IR+ 2
WRLRATAE o BEBE I ] B3 BB 40 oK 2T 4k (1)
)5 BERE N . 3R i T R 2 A R AE AR ) T
L, EMAERIERT , A IR RR ik 9 oK 27 4, e
il S e R i Fe A S B) I, BRAN K LT e 45 B R R, 31X
SEHTIRIEFULRURZ ,, SETCEEmIEm. N ik
S 238 HAR Y 2T KA T T A BB T Bk 4 DK T 4 1) B
HETZESH: R 73%MB B, - KIaEHE
H 1.5 cm, BEHIEFEI R 9 min, & 2j—1 iz a0 T il
B (R SR TIE Al 9 K £ 4 9 K A% %6 SEM Fil TEM & |, AT
DI, ek R BN 60~80 nm, BRI
A 80~100 nm,

3 M IEHERR 9K EF 4E Y EDS figi% ( SEM Al &
) EDS AEREAHTAL ) , F 1 NHNAICE SR, 245
R, BIEmANKTYEEHA C. O, Niy Sn lUFPIT
. Hi C IR EGRS] 92.29%, JEFE5
BELF T 95.52%; Ni Al Sn TR & 05K T
0.3%, J5F A 43 EUE T 0.1%. BEH K IAETE CaDy sTo
2548 A5 A R TE R AN K £ A P AR S AR R

& da EARHERAN KL ZE ) XRD ( DX-2800 %1,
FHAR B SR AR A A BR AT ) MRES 8, ol ik
PR, KR A IR E IR A K S 45 A C. SnO,.
SnO EWI . 45A3% 1 WA, SnO, fl SnO [ =R
Do TE 25°H1 43° 45 A W AN N FE A e, X
TYA A7 B8(002) FI(100) AT A HREAERT, [ 4b 2 I2E R 4
KL P S EiEE (Raman, DXR, FE Thermo
Scientific A H] ) , AILABA WA H D g (GG ) f1 G
W (fB1E) o DIEHITE 1327 em ' ik, EHT
A% PR BN A LUK X 5 T Y, 2 R K A



B4k FHoe

T LA KO o o 5 R B 0 R T 4 S LK bk 127 -

a8
SEMHV: 15.0 KV
SEM MAG: 10.0 ke

SEM HV: 15.0 KV WD: 18.79 mm

SEM MAG: 10.0 kx

WO:13.33 mm

oad
SEM HV: 15.0 KV WD: 18.87 mm

SEM MAG: 10.0 kx

SEM HV: 15.0 kV.
SEM MAG: 10.0 kx

WD: 18.85 mm

d Cs;D, 5Ty SEM

o)

’* - ‘~ "_

. SEM HV: 15.0 kV.
SEM MAG: 10.0 kx

WD: 18.83 mm

j CpDysT, TEM

k CpDysTy, TEM

ot et
SEM HV: 15.0 kV.
SEM MAG: 10.0 kx

WD: 15.50 mm

oo &
SEM HV: 15.0 KV
SEM MAG: 10.0 kx

200 nm

1 CpsD\sT, TEM

Bl 2 AT YKL 4 SEM 1 TEM JE S

Fig.2 SEM and TEM images of carbon nanofibers under different conditions

R OBEBRARTHETERS

Tab.1 Element composition of helical carbon nanofiber

Element perclzflij\svvt.% perlzz(r)ll':;ai;.% Error rate/%
C 92.29 95.52 11.19
(e} 5.28 4.11 1.30
Ni 1.08 0.23 0.07
Sn 1.35 0.14 0.08
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Fig.3 Energy spectrum analysis of helical carbon nanofibers
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