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SUMMARY

I. Project Title

Development Manufacturing Method of Highly Functional Kapok

Fiber Adsorbent Using Irradiation

II. Objective and Importance of the Project

To device heavy metal adsorbent contained a high efficiency using

kapok fiber after the treatments of chemicals and r-ray irradiation.

ITI. Scope and Contents of the Project

In order to device heavy metal absorbent which contained a high
efficiency of heavy metal absorption using kapok fibers, the experimental
contents are as follows:

1. The physio-chemical characterization of kapok fibers is investigated.

2. The chemical treatments such as 1st NaClOz NalO, and 2nd NaClO:
are performed for providing functional groups such as carbonyl and carboxyl
groups to kapok fiber and the characterization of chemical treated kapok
fibers are investigated.

3. Kapok fibers after chemical treatment are investigated the efficiency of



heavy metal adsorption.
4. Kapok fibers after chemical treatment are grafted using r-ray

irradiation.

IV. Results of the Project

The hydrophobic characteristic of kapok fibers was changed to
hydrophilic property after NaClO; treatments which is able to break all
phenolic units especially lignin. After NaClO; treatment, NalO, applied to
kapok fibers for opening hexagonal polysaccharide structure, this step led to
produce carbonyl groups(>C=0) on kapok fibers. In the final step, NaClO,
treatments were performed again to provide carboxyl groups(-COOH) on
kapok fibers. After all chemical treatment steps such as 1st NaClOz NalOy
and 2nd NaClOg the characteristics of chemical treated kapok fibers were
examined. Lignin content was drastically decreased after 1st NaClOq
treatment and remained lignin units determined by acetyl bromide method
were not lignin compounds because of very low vyields of nitrobenzene
oxidation reaction which is able to determine lignin building units. NalOy
treatment was followed and most polysaccharides were broke. Interestingly,
the ratio of xylose and glucose was changed from 063 to 3.24. This
phenomenon would be owing to the resistant xylose structure against
NalO4. In addition, kapok fibers after all chemical treatments were retained
hollow structure  which was observed by scanning electron
microscopy (SEM).

Kapok fibers obtained by chemical treatments were applied for
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heavy metal absorbent. These fibers would be a good heavy metal
adsorbent when these fibers applied less than in 10 mg/L standard solution.
Moreover, these fibers were not detached heavy metals even added physical
forces, because fibers attached functional groups such carbonyl and carboxyl
groups had high bonding constant with heavy metals. The characteristics of
adsorption of heavy metals against kapok fibers were not fitted in
Freundlich pattern, but were fitted in Langmuir pattern. This result
suggests that the mechanism of heavy metal adsorption on kapok fibers
would not physical bonding, but chemical interaction. In addition, used kapok
fibers are able to reuse after detached heavy metals under pH 2-3.

The degree of grafting increased as the irradiation dose increased,
and are in the range 32% to 2509 when the concentration of glycidyl
methacylate(GMA) monomer was 50 vol. %. The higher was irradiation
dose the higher was the radical activation on the surface of kapok fiber,
asy the increase of the grafting reactivity of the kapok fiber. GMA grafted
kapok(GMA-g-kapok) fiber was prepared by simultaneous irradiation
method, using gamma-radiation from a ®Co source at room temperature in
air. The effect of degree of grafting, concentration of sulfonic acid and
reaction time on the variation of the amount of sulfonic acid of the GMA
grafted kapok fiber after sulfonation under 20, 40 and 60C was investigated.
The amount of sulfonic acid of sulfonated GMA-g-kapok fiber increased as
the degree of grafting increased and showed maximum value at 60C. The
amount of sulfonic acid and ion exchange of sulfonated GMA-g-kapok fiber
were dependent linearly on the degree of grafting. The structure of

GMA-g-kapok fiber was investigated using ATR-FTIR. The characteristic

- vii -



vibrations of the carbonyl group increased by increasing the grafting yield.
The morphology of GMA-g-kapok fiber was characterized by using SEM.
It was found that the diameter of GMA-g-kapok fiber after grafting
reaction was increased compared to that of the fresh kapok fiber. This
result indicated that the introduction of GMA onto kapok fiber was clearly

produced.
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Table 1. Synthetic conditions of graft copolymer by r-ray radiation.

Total Dose Dose Rate Monomer Solvent Ratio of Monomer
(kGy)  (kGy/hr) (v/v %)
10
1.0~4.0 1 GMA  Methanol 0
70

$2 B3 FoleWBHRE AZAh W AF W Nl 47 A9 %
ot §AS Y A geld FEol E £EHES BEIATL. WSl

Table 2. Synthetic conditions of ion exchangers by sulfonation.

Reaction )
Degree of graft CISOsH CISO:H4CI T Reaction Temperature
ime
(%) /v %) (v/v %) _ ()
(min)
5 9% 5
10 20
10 90
50~250 20 40
1 8
0 0 40 60
20 30 60
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Table 3. Residual yields after each chemical treatment and lignin content.

Treatments Yield (mg) Ligin (%)
Kapok fiber 1000 20.71
extraction () 9706 2089
1st NaClOo 824.4 8.41
NalOq4 750.5 16.34
2nd NaClOg 234.8 17.67

Table 4. The results of nitrobenzene oxidation (NBO).

mg/g of

CWR® H HA \4 VA S SA Total | S/V

Control | 0.66 0.06 1029 | 096 | 5947 | 696 | 7838 | 5.78

1st
NaClOq

0.23 0.00 242 1.50 4.60 170 | 1045 | 1.90

NalO, | 0.27 1.26 1.70 1.69 787 1.81 1459 | 4.64

2nd
NaClO,

0.17 0.55 0.75 0.56 0.06 - 2.08 0.08

*CWR: cell wall residue, —: not detected, H: p-hydroxybenzaldehyde, HA:
p-hydroxybezoic acid, V: vanillin, VA: vanillic acid, S: syringaldehyde, SA:
syringic acid.
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Table 5. Neutral sugar composition of kapok fiber after chemical treatments.

mg/g of Xyl/Gle
CWR Rha Ara Xyl Man Glc Gal Total ratio
Control | 0.39 0.35 21.15 0.43 33.68 0.85 56.85 0.63
1st
0.50 0.48 28.69 1.12 46.89 1.31 78.99 0.61
NaClOq
NalO4 | 1.20 0.06 9.56 - 2.95 0.08 13.85 3.24
2nd
0.65 0.05 6.86 0.02 15.85 0.17 23.60 0.43
NaClO-
*CWR: cell wall residue, —: not detected.
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Fig. 5. SEM micrographs of kapok fibers. A, control; B, after 1st NaClO;
treatment; C, after NalO, treatment, D, after 2nd NaClO, treatment.
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Fig. 10 Desorption of different heavy metal ions on kapok fibers at different
pH.

_25_



1 Adsorption [ desorption
100
S
= 80 +--1  t-----mmmmmmomemmmmm oo o] e
S
=
5
s
éﬂ 60+--1 f-——----"-"-"F - q o b
e
el
=
.2
g 40
8
kS
=
S 20¢t--f (- b el b
3
g
0
Pb Cd Cu Zn
Heavy metals

Fig. 11. Adsorption—desorption of different heavy metal ions on kapok fibers
after regeneration treatment.

3. YALM OfEZE d9re

FAZAE 8 GMA(glycidyl methacrylate)E NalOs; A8 Al&<¢} 2nd
NaClO; A2 Algol] ZgtZE WrgA7|H widae] 2tz AAd @ ofy
g dFAd GMA o AfretdZd A 2 FEE AAH7] o] 2 ZE
WHEETE GAdT A Aol $AAES MAEo agZES] wlg A
Efut7] wfitol] e E g0l £ Ist NaClOy A &gk 71354 FE o] &3t
R R

WAL a2tz E AT

mlm
Oll
R

_26_



1) GMA(glycidyl methacrylate)

AR Z2AFE, GMA wEkA <]

e AT

g TESS

FlaL, 1ol wi

5]

Bl Aot} Fig. 10014 wi= vhsh o]

H] 7} 55 4

tel GMASE &) €]

7}3]

=
[}

g ZTESS

32%°1 4 Hd 250%

LFER LT

=
=

Hr
—_
™

—_

0

Foah ceu geAe FE 50% ooz FkshW iel

o

7
Njo

Njo

Pt i
o

K

—~
o

olo
T

)
Ao

o
H]

B

ol

;OO

1

Fed 20, 40, 60C=

Zkell HAs

<]

=
=

e

Ton

=

UERA T 2™l B

of weh =&

TEgo] F7HE

wle} o] 1z}

1
R

A3tg

o]

ol

Ny

N
Nlo
o]
o

<

of u}

A
=EAS T2 01 VIVR%Y A5 =

3z
T

oy
B

- 27 -



Hhg-o] Hul= =l om Qg2 2087MA AEHEHAJSH T o]Fo= =
Ab Shek W3t 79 gle Ao ® vERtH(Fig. 15).

rid

SrE o 2udEFL FUIEE AEE UET &F4 v 2 &E3)
HES A 7bo] W& o] e wstg & A £EAL ko] WMol 7o n =3k Ayt
5 YEeR A tH(Figs. 17-18).

GMAS®] o] S7tstA Hu=2 GMA o FHid 7tR<4(C=0) 2159 iLf3t
54 daAE 71 Aer 45 4 duh Fig. 19914 ®eukel 2o
GMA7ZF 282 Ed Adfe 7RI (>C=0) 259 327t GMA 1HZE 34|

o) O

ko control A9 BT w 0L ZrlsteE AITS BT

5) SEM 4]

AL ol GMAS 2R2E A7l sl glo] Fee wss w2
71 9ate] AAZALA Au AL AFL3ke] 20kVel A 2000wl wle® AEEY
t}. Fig. 20014 ®ivwlel o] a2 E wgo] © Afe AAo] dAsA A
S g 4 Y om GMAZL FHEA G AAd aPZEHL oS o

o,

o
-

juba}

32

0]
s

4»

_28_



250 o

Degree of grafting(%)

T T T T T T T

0 10 20 30 40 50 60 70 80

GMA concentration(v/v%)

Fig. 12. Degree of grafting as a function of GMA concentration.

4
—e—20C

o —k—40TC
o 3
o —=-60C
2
£2
g2
S €
—
>
o
S 1t
<

0

0 25 50 75 100 125 150
Degree of graft (%)

Fig. 13. Amount of sulfonic acid as a function of degree of graft.

- 29 -



Amount of sulfonic acid (mmol/g)

o e
T

./'A’_\.

——20
—X—40
—=—60

0.00 0.05 0.10 0.15

0.20

Concentration of chlorosulfonic acid (viv%)

0.25

Fig. 14. Amount of sulfonic acid as a function of concentration of

chlorosulfonic acid.

Reaction time (min)

3
—_ ——20
o
g —¥—40
£ =60
o 2
(8]
(]
o //N 5
c /N
S
=]
(2]
5 1}
3 ./& ° ° o
o
£
<

0

0 10 20 30 40 50 60 70

Fig. 15. Amount of sulfonic acid as a function of reaction time.

_30_




5.000
—_ ——20
o
4000 | *=40
£ =60
=
3.000 |
Q.
®
(&]

(0]
2
22000 |
e
(&)
x
(o)
§1.000 |
0.000
0 50 100 150 200 250 300

Degree of graft (%)

Fig. 16. Ion exchange capacity as a function of degree of graft.

— 5.000

4.000 |

3.000 |

2.000 }

1.000 |

lon exchange capacity (mmol/g

—e—20
—%—40

-/_'\_\- —=—60
)/‘e\‘\K

./0—\0\—0

0.000
0.00

0.05 0.10 0.15 0.20 0.25

Concentration of chlorosulfonic acid (v/v%)

Fig. 17. Ton exchange capacity as a function of concentration of

chlorosulfonic acid.

_31_




lon exchange capacity (mmol/g)
N

0 10 20 30 40 50 60

Reaction time (min)

70

Fig. 18. Ion exchange capacity as a function of reaction time.

_32_




(’“\
— Cantral 'u‘\/{
"I'.i.l]]

Transmittance {%)

—— Hapok-g-ENA

. J ) | ' T Y
3500 3000 2500 2000

‘Iﬂlﬂﬂ I 500
Wavenumber [m'1]

Fig. 19. ATR-FTIR spectra of kapok-g-GMA and kapok control.

Fig. 20. SEM micrographs of control(a) and kapok-g-GMA(b, c).

_33_



!

N
2

T

xX

Hr

=

9]

g 9

&A1 A

st &

= 2
o 7] NalO,4

=
=

NaClO2

5

A A 2

o
=2 =

AER s

-
.

< 7HA

"W

%0

o}

%0

of

)

=3
"o

Eis

°ol-&

=
=

al

i)

Fel NalOgoll <]

o
>
S

|

0
o

NS

i Ad= 7t

9]

NaClO.=

<
T

7](-COOH)

]

<
-
n

Bd7] (>C=0)° 7}

w

o

ki3

Aol A A

Art. AgHow B

0]
AR

% %

o
=

oln

Aol ¢

a4

3}

oyl
_EH

qr

—
fite)

oo

_EH
qr

Nfo
o)
olo
T

=

gl

o] %=%7} 10 mg/L ©]

el

_EH

—_

0
N

At

i~

_Eﬂ

G

4

—_
o

g

s

Frow =

9Al 05 M HCIS 2 pHE 2-3

AAA = vtz A7)

b g

S

H .o
=

]

*

Kol
=

o AHA

ZA e, GMA(glycidyl

HFAL A

bol WAL cieh

]

methacrylate) T =] 2]

Fel GMASE &mje] H|7} 55

S

EgS Z7}

2}
320600 A H ) 250%

i

7hetell

=
o

E£o

R e

=
=

TE O O
TE S

uf, “1ef

o)
=

_34_



Wl EAFe Fgor wgewst 0Cdu Adge nAh £E3

e gtz ES Y UHI dAE oA aFtZESC] oW AdH EF
&

S 3 1 A agzEeEd A tRICC=0) 159 A7t GMA
g E 3HA & control A9t Hl

Aol GMAE 282 E Al7)& wkgel 9lo] 1

71de] FejsA wsts #Eg Ay agzEd g A dAs
ARE FAT F Ao GMA7L 71EH /A dA6 g ZEFHY US
& 5 A olEd ARE JNxE&HA AZAH ol e ALs 53 F
& FAAY MEs AR Fdste] A Y 55 LS 23T A
Hola 2 HAR Fd 2¢ ZHolAotdA dye =A%l IMRP

(International Meeting on Radiation Processing)ol] 23 oA o)m &z SCI

_35_



]

B/

|
B

AR e}

H}

o A o] o

Pyt

=
T

S
=

of 7l& ol

—_
o

T
B

W A A ek

—_
o

Nn

aho] Gt aA

g 7%

o] AT-AA

Ar8tel

A

]

Z A

s+ 9 2

AT A

B

wjr

G

ol 4 o] ot

5 AL

AEd Al

_36_



—

w

2,
(@)}
o3l
Y
k1
M
<t

Chung, B.Y. and K. ILiyama. 2003. Differences in chemical
constituents between vascular bundles and nonvascular bundles

of cacao (Thobroma cacao L.) hull. J. Wood Sci. 49 : 176-180.

. Iiyama, K. and A. F. A. Wallis. 1990. Determination of lignin in
herbaceous plants by an improved acetyl bromide procedure. J.

Sci. Food Agric. 51 : 145-161.

. Jin, Z., T. Akiyama, B. Y. Chung, Y. Matsumoto, K. Iiyama, and
S. Watanabe. 2003. Changes in lignin content of leaf litters
during mulching. Phytochemistry. 64 : 1023-1031. J. Wood Sci. 46
: 401-404.

. Hori, K., M. E. Flavier, S. Kuga, T. B. T. Lam, K. Iiyama. 2000.
Excellent oil absorbent kapok[Ceiba pentandra (L.) Gaerten.]

fiber: fiber structure, chemical characteristics, and application.

. Lam, T. B. T. and K. Iiyama. 2000. Characteristics of senescent
straw cell walls of dwarf, semidwarf, and normal strains of rice

(Oryza sativa) plants. J. Wood Sci. 46 : 376-380.

_37_



A]

A

Freundli

ich 2

h 24, Langmuir 2], Z228t=E, 7}
’ = \IIU]'}‘\j

ﬂ
) S
~ ~ © & T B
gl HQ ' N O< ] T T T
v N 8 = T ﬂ%d&gmamﬁﬂc 1,
E S | N -~ e oy A_I‘IE.EE‘IZOO Jo =3
& i S = K° oMz w0 O N G
= ~ — ﬂ ~N :i a ~ ﬂ\_;leuﬁ o mm.o,nno‘Ur._/ _E.‘m
N N i ol aegz. QOB 55 )
all ~ | =< M gD o O SR o)
b el B TN T R T Eo™ 77 R 4r
o = M- N - o ok ®° 0 umo,AlT TOHT ioOMMﬂqoﬂEaMﬂArAT i
& X )| B N 2 i 1_].._0301 AO= oy o N
il 7 . iy ey o 9 S AR e
< o do|d T LT TR L Fyy ) e e
™ o o Qmo &o Qmo — ~ ﬂa@aﬂ? ‘I.AEE ri i rees ~ =
™ e |z 2 0% oF R o= R jooho ) ol S
i Xr = 0 EW O™ iy e - =~
N Jo = | = PR - - E(Sll Rl 3
22 N ™ | K o Mo | B |="0 Iy EL Qmomﬂ o, Ol )| -
s | B EAERRE| T < ﬁc_@ﬂiéfO;EM%
‘A..# . ﬁ, L.Jl 0 7~| o nl f_,_AIIO ﬂ )
A e I =0 S a | ® 1&%1%.%@2&?4% S
o oF | m TEE o VS o T oy oy 3
= H a | g 3T T N ¢ Wﬁlmﬂn__umﬂo»ﬂu iy L z
T B = | = T o = R roOF s RS I oy oo™
—~ X = ar — X A zn Moo o Ay R
B ™ o | o K X K o _ﬂvudl(\x Ql]:./lﬂylo« 9 0 Eaﬂeo g
o do o i =4 ﬁ%ﬂﬂ@mﬂ %%_ﬁm_ﬂHﬂnﬂ =
= > GG H oo - ian%uawovmuov% T o
D G P - R B Rl R |01 T e HEwy T = MR E =
3 X o BT E R Do Fgh ol T
F < ol G a B I E X Gy lw_/riao%hizuaﬂ% )
SR g bl e £
ol S & - H " a,._,mo‘mvl_l__l = ~ XA
K To | Bo g T oMl ZizeX Ho oy = o Hr
Cayl N H — o o H J) N il
o = T = RO me g Mo B 4%_45.%% ~
8T i | X T | e o O~ T o SO
- D = op nNa7Mﬂ_6ﬁﬂ|1@|,mJt o X
N ot | T o 74T l.ﬂ%ﬁe_@uovﬂaﬂ1 mr =
2| ~ | B § ok %5 L@mﬂ%oﬂﬁ W]
~ | = - Ay fia @%aMnIuﬁ.ﬁwLoﬁomuwﬁ%w@i b~
AERN | NN | = mfwm#mwwa NG Ty T 2
S 1| rE B | o | P |lPe remTas o e | =
¥ iy wle 5] T & oS S B2 =
ﬁﬂ wlwlal 25 LR s olea s
EREO Moy 5 o| e DX o T 2
dﬂ_ O#Eﬂ .ﬁo J-EL. NS —
ﬂeﬁﬂqmﬁwmmmwaﬁ ogr [\~
I LGNG




BIBLIOGRAPHIC INFORMATION SHEET

Performing Org. | Sponsoring Org. Standard Report .
Report No. Report No. No. INIS Subject Code
KAERI/RR-2461/200
3

Title/Subtitle Development Manufacturing Method of Highly Functional Kapok
Fiber Adsorbent Using Irradiation

Project Manager

and Department Chung, ByungYeoup (Radiation Application Research Division)

Researcher and

Department Kim, Jae-Sung, Nho, young chang, Kang, Phil Hyun,

Baek, Myung-Hwa (Radiation Application Research Division)

Publication Place | Taejon Publisher | KAERI | Publication Date | 2006

Page 49 p.| IL & Tab.|, YU O ) No (i 21 x 295 Cm
Note

.. +|Open(O), Restricted( ), ClasslReport
Classified Document Type Research Report
Performing Org. KAERI Contract No.|

The hydrophobic characteristic of kapok fibers was changed to
hydrophilic property after NaClO; treatments which is able to break all
phenolic units especially lignin. After NaClO: treatment, NalO4 applied to
kapok fibers for opening hexagonal polysaccharide structure, this step led
to produce carbonyl groups(>C=0) on kapok fibers. In the final step,
NaClO;  treatments were performed again to provide carboxyl
groups(-~COOH) on kapok fibers. In addition, kapok fibers after all chemical
treatments were retained hollow structure which was observed by scanning
electron microscopy(SEM). Kapok fibers which were obtained after
chemical treatments would be a good heavy metal absorbent when these
fibers applied less than in 10 mg/L standard solution. Moreover, these
fibers were not detached heavy metals even added physical forces and
used kapok fibers are able to reuse after detached heavy metals under pH
2-3. The degree of grafting increased as the irradiation dose increased,
and are in the range 32% to 250% when the concentration of glycidyl
methacrylate monomer was 50 vol. 2. Based on this result, various
functional groups are possible to be attached on kapok fibers used by
radiation grafting technique.

Subject Keywords | Kapok fiber, hollow structure, NaClO;, NalO4, heavy metal
(About 10words) adsorbent, Freundlich pattern, Langmuir pattern, graft,
gamma ray




1.0l ETME e S RA A

2™},

27t 2| E 2L FR | e

£ ZIHstoiAME of Bl .

A5k YRt LAL S| A
HIEA| D}57|=HoflM AlE st
olg dts{of Bt C},
58S felXoz wE




	표제지
	제출문
	최종연구보고서 초록
	요약문
	summary
	contents
	목차
	제 1 장  서  론
	제 2 장  국내외 기술개발 현황
	제 3 장  연구개발수행 내용 및 결과
	제 1 절 연구내용 및 방법
	1. 카폭섬유의 물리화학적 특성
	2. 화학적 처리에 의한 카폭섬유의 구조변환
	3. 구조 변환된 카폭섬유를 이용한 중금속 원소 흡착시험
	4. 방사선 그라프트

	제 2 절 연구결과 및 고찰
	1. 카폭섬유의 물리화학적 특성 및 화학적 처리
	2. 구조변환된 카폭섬유를 이용한 중금속 흡탈착 시험
	3. 방사선 그라프트 반응


	제 4 장  연구개발 목표 달성도 및 대여 기여도
	제 5 장  연구개발결과의 활용계획
	제 6 장  참고문헌
	서지정보양식

