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Abstract— The structure of kapok fiber was characterized using FTIR and “C NMR spectrometers, elemental analyzer, x-ray
diffractometer, SEM and IMT I-Solution ver 7.5. The kapok has a hollow tube shape and is composed of cellulose I with
crystallinity of 47.95%. To develop novel oil-sorbent materials necessary to avoid the environmental pollution by spilled oil, the oil
absorption capacity of various fibers such as kapok, polypropylene(PP), acryl, bamboo, cotton, rayon and wool fibers is compared
in this study. The kapok fiber had the highest oil absorption capacity among the fibers and its water absorption capacity was the
least. The kapok fiber selectively absorbed significant amounts of oils (43g/g of fiber for kerosene, 65g/g of fiber for soybean oil),
which might be due to higher hydrophobicity of the kapok fiber, suggesting that kapok fiber may have high potential as excellent

oil-absorbent materials.

Keywords: kapok, Ceibapentandra (L) Gaertn., oil-sorption capacity, cellulose I, hollowness

A TeA o wat BEAAH F HFe
ogL F AR A A

T AL S0 Al BE ZA
28 2% o3 7189
2 7R A AHEELE H28 3l
SR F/ME}OME Aot efotell A 14k
20 B9 7129 E&AT Ygled o] At 3
ok A & A o Wéw B E AT FotFw
EqAE A HaS Fu g AFo|th
olgF SEJE HYst: e EF A
9, 35 A, AETH Yy 59 3%
52 3A BRI O F AETH Py
nYES o] gty 7|2S Eafste AR}
Moz 7% A H oY Hejugo] 17t
ol Alzto] ZA AW ©wHo| Ytt.

A=A E 01%3}04 7159 g s A
StAlA 7IERoldE BASHA st €A =
ol 7heheks] A 1;!74] A Y =g ot
3teta] A= HE FAZA AATE sl 27}
A SEE 7HA & = e gHol Ut +F
A& o] -3} l%a 3ot =94 AE
2 %%%94 IES A AY AH F2st
0] £ 5 2 A|(oil adsorbent),
2 7] (oil sklrnme) %0] itk 1

nlm

~
o
e
[>
@
aﬁ
=
o
o u

ofx
S o

= K 2 rr o

pa
=
sl
o
o
o
e
2}
tt
ox
o
£
filo
pad

o, off
X o %@

TCorresponding author. Tel.: +82-51-510-2410; Fax.: +82-51-512-8175; e-mail: kimhd@pusan.ac.kr
(©2011 The Korean Society of Dyers and Finishers 1229-0033/2011-9/210-218

1210 |



o= Aol AAHCE 9 AgHT Ut
8ol GEAAE AAEN B EGol-
propylene, polyurethane)2 FET 4= glom, &
AELS §7]Astraw, corn cob, wood, cotton,
kapok, wool, sawdust etc)2} F-7] Al(perlite, graphite,
vermiculite, zeolite, organo clay, fly ash, sand etc)
204 TR 5 A O F AARI1A A
2 AAZAQ W FEHEH=E Y FH=
}_;(]1,]-14-8_ Ha _9_/\/\/(-1 E_Oi ?_]_t}‘_]_-g
dE259o] E%OWEPE 4HEs AY o

AA LAAAGL=Z AMEHI e 29T
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2k FA Y] oF 20u] FEoln 7hAHE 209/g
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A e wEe AU Yok W FRE A
L AAHfolBE AR A A 7ol
8go 2 Atk FHL AT, B 715
o] HAo] FHHEE FHEL FHE 2AY
oF 25M) FE2 W wAL AT AUt

AolZ di= A8k, wutE=, AX, H=,
A&y Aol oA A=, Fo] 10~15mo
goi w2l ool d AT Agolh Aol
ZHfr= SEoMAlor E A FA FH st

A Aet= Ao]Z [Ceibapentandra (L.) Gaertn.,
Family Bombacaceae] UF2] Fuj2 A w|7/jy
29 me A2 W FYE7 S FHis

AEHIL Yk Xiao §7& Aol ARt A
Z HA AEZeA ’g*rri}ﬂ A WH7F oF
lopm 273 & ¥l FF3F2E 7ML 3o,

Sunmonu =9& #Ao|Z q‘jﬂ-—t— 64% cellulose,
13% lignin, 8.6%%] &, 1.4-3.5%9] ash, 4.7-9.7%
o] =84 E4, 2.3-2.5%9] xylan, 0.8%%] wax
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2.21 AH0|Z2| FT-IR

Fourier transform infrared spectroscopy(FT-IR)
HZE XL Nicolet Impact 400D(Madison, WIS
o] 43}e] ATRH OS2 400 ~ 4000 cm™' 9] H ]
N =R5ch

22,2 #lo|E9 BA H XY

YAE A7) Elemental analyzer (EA)= Vario-
Micro Cube(Elementar Analysensysteme GmbH,
Germany, KBSI Busan center, Korea)S A3}
o AL AEEA ~ 20mg A% 1150T,
sulfanilic acid(C: 41.6%, H: 4.1%, N: 8.1%, O:
262%)8 BREAR AHEste] BAstqTh A
8 L KSM 6882: 2006 28] me} o
3} o] EAsHTh

7teA A2 B4 A8 9F 10g2 0.1mg7}A]
EsHA 2ob 4§ AFFol %713, I AE
FolE S8 A FE719 Yol 2357 Aol
A n-ibel| o3l 6417 FE7Tt
o= &Y T n-3ike A
27] oA ARAA FAE 5
S8 AAEES Attt Fe AW A& (%),
We F2=(3 e 74 (9, S A=Y 74
@°l

_%_
=5
(F = W/S x 100)

2.2.3 HO|Z0| Bx HA
XA 3] - E A2 XRD(X'pert-PRO MRD/MPD,
PANalytical, Almelo, Netherlands)E& AM8-3}H 2
o, 24 3} % (Crystallinity Index) Ic = TS 4] o
2 AT, I 207} 22°21 peak intensity,
Iamy= 207} 18°2] peak intensity©] T},

Ic = (lonz - Iam)) / (loo2) x 100

PC-NMR E37 L& 600MHz solid-state NMR
spectrometer(Unityl NOVA, Varian, USA, KBSI
Daegu center, Korea)E A3} th.

2.2.4 #|0|Z29| o|0|X| HEH E4

o 9 =S Scanning Electron Microscope
(JSM-6700F, JOEL, Japan)& At&3to] maslq

Bt=ZG ALl A A 232 Al 32

I].\;'
o
i

o, oju] x| B4 7](IMT i-Solution ver 7.5, IMT
i-solution Inc, Canada)E A}-&3}o] EA 354t

2.25 Al0|Be E+ U E7 Y =¥

THRe AFALA] $EAA) A5
Y 2 ek Yo wet AES 20T
Feo] Hol QAT AT F o AS 47
Imme] HALS 17Tmme] EF7tdo2 » AT
Sof SHZF SAT F 1 FFES 2] 0E
Heoz Anstgc

Sorption(%) = [(the total masses of sorbed
sample - the dry sorbent mass)/(the dry sorbent
mass)] x 100

3.1 #AlO|=Z2| FT-IR &AM

Fig. 19] #|°]% 2] FT-IR spectrum= LEFH 31
t}. 3350cm "o A -OH stretching, 2918cm™ of A]
plant wax©] 3= C-H vibration, 1735cm™ o]
Al Lignin®] AP= dHstols, o2HE, 4
A E 9] C=0 stretching, 1596cm™ o A fate] C=C
stretching, 1372cm™ o4 lignin®] C-H bending,
1242cm™ o) A hemicellulose2] C-H bending, 898cm’™
o A B-glycosidic linkage®] C-H stretching®] &
4 935 U 5 dslen I Z3E Table
1] g oFstqith

Fig. 13} Table 19| A Ao]Fo] 244 LA2
9= lignocellulose Y& 218k 4= 3t}

336042
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Fig. 1. FT—IR spectrum of kapok.
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Table 1. Infrared absorptions of kapok
Bond type Peak (cm’) Remark
-OH stretching 3350.34
C-H vibration 2918.80 Plant wax'
C=0 stretching 1735.66 Lignin Wax'>'%
C=C stretching 1596.12 Fat'”
C-H stretching 1372.04 Lignin
C-H bending 1242.63 Hemicellulose
C-C stretching 1000-1162 Carbohydrate
C-H stretching 898.26 B-glycosic linkage
3.2 Hlo|Fe| EA H X EM
Aol Zx}t Ho| YarEA AIE Table 20
B gich Aol A9 wol Hs 4 FAH
e Lo, Abd FRFS WA, B Fe
Fe A Yetygeh o] A3k Hori V0] B
13F 13%9] =2 acethyl group?] Fakz} o9
FT-IRZFo A 53 2lad 2 &2 479
e WEOR YzHE.
Table 2. Elementary analysis results of kapok and . . . . .
5 10 15 20 25 30 35

cellulose

C H N 0

Wt%) — (Wt%) (W%  (Wt%)

Kapok  44.99 6.75 0.84 47.25
Cotton  41.76 6.66 0.82 49.60

Aol Ze] AR FFe o] dFE |
A HRE 08%E Husta glouy, B o
A AR AlolFY Bee AR T
0.66%% Tha W2 & YEriSlh. o 2et 2}
ol AolF i Aitx 7% 23 ot
E ASAH R A FF9 Aol2 v
Axter Azt

3.3 Alo|Z2| 2¥+=

Fig. 29] A o]Z9] X-ray diffraction patterng L}
Bt gich dutd o2 X-A 3 &7 207} cellulose
[ FRA= 148, 163, 22.6°9) A, cellulose I
FRAE 121, 19.8, 22.0°0] 4] BHETHT &
A kY. B AT AR Alo] 2] 20 148,
163 X 22.6°0| A TZE ok AHSHE= 20 22°7
9] peak intensityS AR FH, 20 18°F 2] peak
inensity= M AH I A2 aho] ATAT.
X-ray diffraction data2 X AALE 2 Lo A
AHERE Aol &9 A3 == 47.93%0]]lth 1™
o Ao AAstEo] gt Wang 579 AT

Diffraction angle 2&
Fig. 2. X—ray diffraction pattern of kapok.

L e e e e T A e e B e e e e N
300 250 200 150 100 50 4 -50 ppm

ppm
Fig. 3. Solid—state C—NMR spectrum of kapok.

A3l 46.4%} Mwaikambo 579 dA7ZA}Ql
45.75%9} v|aste] B Ao A AREEE Ao]E
A Z(H = vj#ol4ih o] 2437 tha A U
Etsith o] A3 A= oA AFT d4kA] ¥
wgAE So Aol e Aoz AztEr.
Hori SY9] Ao o] ZL cellulosell
Fz2, Lin”2 Ao cellulose ] 22 H
Tokn Tk B ATH AL Aolzel
Solid-state "C-NMR spectrum< Fig. 30| UEY
oith. YHla o2 Solid-state "C-NMR spectrum
o] A Cl1, C4, C69] B4 9] chemical shift(ppm)7}
cellulose I FZ o) A= 105.0~106.0, 89.1~89.8,
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65.5~66.20| 4 &=, cellulosell FLZofA
= 105.8~106.3, 88.7~88.8, 63.5~64.10]4
FEGT RaEe AoHY. 2 ATo|H AgT
Ao]Z A= Cl &40 AL 1053, C4 &4 9

© 892, C6 BFA9Q AL 6549 A chemical
shift7} #2E= Ao ZXHE cellulose T 29
Vot ;2= o) otk A XRD diffraction data
¢} "C-NMR data®] Z3E F33to] & 1
2 dAFolA ARERE Aol EH(ej= wiolAh
cellulose | 22 A= E3F NMR &4 43
3} 56.594, 21.119 ppm<] saturated carbon(sp’),
136.089 ppm<] =]1Y aromatic ring carbon,
153.567 ppm<®] 2] 1 carbonyl group, 171.758
ppm&] acetyl groupo] U ERG HA o ZHE HA o]
F o= cellulose Qo= o8 7[R JEE0] &
g.;l(ﬂ 01.9..% 32]—0]'6‘]— 2 9)\041:4. ]1— oI—o
FT-IR spectrum] 73.1—]-2]—5 Z dx=Ee o
AR
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%’—EM! WREHEZ, o W7 A2 74, i &F
7, 8 57 59 2% g Fig. 59} Table 3
of Uttt AClEZ(H= wiRoliHAIRE
samplingdte] 57121 & SAE gk Y= WHE
A 180~358m°, QL HZ 237~456um°, 9]E
AR A 245~34.6pm, EFAA 11.2~31.6/m,
qib'zwzl 19.8~32.0im, U227 8.5~16.8

#HEA 1.0~ 1. ImZHE A FF3&
76.1~78.6% oltt B AL A

HAA 455.659m°, WEHA 248.129un,
QB A2 28.52m HE FAA 23.42um, GRS
A A 19.00mm, YH A 12.56m, TEH F7
12.56/m, ¥ 238 77.1% ©] 2t} Lim ﬁ“’o] H
1 77% SEEIH vg S Uyede A2
AR 7F 2 H=4te]l7] HEez gZhEd

2o =0 gwze(7.2x10"N/em at 20°C against
ain)g 7FA & BHH, Aol Z Hf EH 444
541 oA 22 AAHWH <274 12.56/m, W
B A2 2342m) W&ol AolEZ HHFUHWE

fr rlo

i

=

Cross-section

WD 8.0mm

0pm

LEI 15.0kv  X1,000

LEI 15.0kV X200 100pm WD 8.0mm

WD 8.0mm

10um

15.0kV X500

Fig. 4. SEM micrograph of kapok.
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Outer area

Inner area

Fig. 5. Image processing of kapok.

=9 2 2716 Aot IY AlolF
Aot A ARelY 33t EAE &
g 29 FFE 7hestAIT Aol &2 A3
o= =9 tﬂ?‘f} t"’\’“01 A &= Aotk &
ol E2Ajst= A 42 o

weo 7'3%*{:‘*"* 7HA B oil/E FolA oil
Zho] Higt AdEide 7Hd = e Ae=m &

3.5 AoIBe| &4 Y &7 5

AolEol ATHE YA $4 7
e A Astel Aol B vt Z4
g, dole, =, W, olaY U AR eAFHE
2 gol A$ET gt EYzZzUAL 54
W 4ggel B FHAS wms) mgrod

1 ZABE Fig. 60 YEb Tt
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Table 3. Analysis of cross—sectional structure of kapok
Inner Outer Outer Outer Inner Inner Wall Hollowness
Sample area area diameter  diameter  diameter  diameter thickness o
(a')  (md)  (ong tm) (short tm) (lomg (m) (short m)  (um) o
1 358.315 455.659 34.6 16.6 32.0 14.0 1.1 78.6
2 194.999 255.331 22.5 16.2 19.8 14.3 1.1 76.4
3 221.44 297.314 34.4 31.6 19.8 8.5 1.0 74.5
4 285.73 364.795 24.5 19.4 21.9 16.8 1.0 78.3
5 180.161 236.875 26.6 11.2 23.6 9.2 1.0 76.1
Average  248.129  321.995 28.52 19.00 23.42 12.56 1.04 771
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Fig. 6. Comparison of sorption capacity of various fibers.
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Fig. 7. Comparison of sorption capacity of pristine
kapok and defatted kapok.
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