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Q. % AxAS 2 F4A HA7E2YEH 55T chitin?} epichlorohydring ¥HEA|A epoxy-activated chiting
Adstodel. ©]7¢ hexamethylene diamine AM4-3}%] aminohexyl chiting 439z t}A] epichlorohydrin®} ¥F-&-A]#
epoxy-activated aminohexyl chiting #4389t HE 202 epoxy-activated aminohexyl chiting tannin-&o¥=} k24
A tannin& 3733270 chitin(Resin 1 )¢ §438 9t =& chitosan silane coupling agentd! y—glycidoxypropyl-
trimethoxy silanes WH8-A]7 tanning 43} A7) chitosan(Resin 11 )& &45 g}, pHS 347144 Cu*y Nit?,
Cr, Co™, Pb", Ba™ % UO "9} 2& F&0) &5 gk 243} tannin®) F2& hatchyo 2 A3 ). FEolLE
o Bi# olg 243} tannin®] F3 A3 pHE| Z7b9} tlBe] FaAko] Zrlsidc}. =g pHel i}, HE A7}, $32)9)
& 223 F£o| 29 sr o B Resin( 1 )3} Resin(11)9) 2%5¢ ARsgt) dyxdoz chitin®} chitosand] A3}
A7) tanning uranylo]&o] &) & F25e B¢},

Abstract: Epoxy-activated chitin was synthesized by the reaction of epichlorohydrin with chitin which was isolated
from waste marine sources such as crab shell Followed by the reaction of epoxy-activated chitin with
hexamethylenediamine, the aminohexyl chitin was synthesized. The aminohexyl chitin was subsequently reacted with
epichlorohydrin to prepare the epoxy-activated aminohexyl chitin, Finally, the tannin—immobilized chitin (Resin 1) was
synthsized by the reaction of tannin solution with epoxy-activated aminohexyl chitin.Using silane coupling agent, the tan-
nin-immobilized chitosan( Resin 11 ) was synthesized by the reaction of y-glycidoxypropyltrimethoxy silane with chitosan
which was prepared by the deacetylation of chitin. Upon the pH variation, adsorptivities of these immobilized tannins to
the metal ions such as Cu*’, Ni*%, Cr*®, Co*?, Ca*?, Pb*% Ba** and UQ," ions were determined by batch method. The
adsorptivity tendencies of these immobilized tannin to the most of metallic ions were increased with pH. Furthermore, the
adsorptivities of Resin( I ) and Resin( II ) upon the variation of pH, contact time, amount of resin and concentration of

metal ion were investigated. As a result, it was found that these immobilized tannin on both chitin and chitosan showed
good adsorptivities for uranyl ion.
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Alizarin[ 3], quercetin, morin[4] 53 %& biopi-
gmentE-0) aqueous systemoll ] - o2} uranium
L 2& 4 9SS Sakaguchiseo] w3l v} gl o]
8 AJE5L ‘_"*6}11 , biopigmentel] = QAT
hydroxy 7] 2 uranyl 1on°] coordinate & o 4 <)
t}. t}e) QAE hydroxy’]E 7}A tannine] ura-
niumel] ¥ 3AE 7FAH uranyl ionoll o5}
A oE FAFo) deAeZ HFHT Qlo[5].

o]u] agarose gel& HAE & 7A3} tanning
A3t uranium 34d= 77l Nakajimasol
o8] o)FojF o m[6], cyanogen bromide( CNBr )}
epichlorohydring A}-4-3le] aminohexyl cellulose®]
443 o+ A3 tanning 9 ¥l A2[7],
cyanogen bromide #e 2l8) AxY 12A3F tan-
nin® Ao dis] B H u} AUc}{8].

B Q7o = chiting} o]7A9 DolAEE S
¢l chitosan& FAZate 7)o A &HA
F 3lE taming TAFAA HEE ZHolE
Agkar o]7le] g gl 2 uranyl

4% ARae

2.1, A% U Az

Chiting& ARAZYE gejste] Al&s9w,
ZAb, FABRYEE epichrorohydrin §-&
Junsei Chem. Co.8] A]2F 1§2, silane coupling]
9l y—glycidoxypropyltrimethoxy silane& Shinetsu
Chem. Co.8] Ao} 138 oetg, dHES &0Fs
Shinyo Pure Chemicals®] AJeF 13& AM£3ge
o, tannine Janssen Chemicals®] A<t 13<, so-
dium borohydrides= Wako Pure Chem. Co.9] 4]

24,

A stekd
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FE o] DY A7

ook

FEole

o 13& Algstgm, £49
Chem. Co.9] Al¢F 19& AM43l4ich.

2. 2. Chitin9| 2|

Chitin®} ®8)AA%= Hackman¥i[9]& 7=kd o
&3 7re g AMEL. F, FAY ARAE
*‘—9—01]*1 2N HCl 4984 1247t ARA A shabd

& 4347 F B 248 ¢S oA 2N
—HC1 g Foa] 2447 LAY
AHE F 15Colstell A 4% NaOH 489
Azb AR bl Ae B Al ole) 2 AHE
7} 33 98 ¥ 3% HO0,—1IN HCl 492
6217k Hejste] Ax T ASHA|7|L wpA|to g oz
2l A& F, FHF, o, ddzE AF 1z3)
of ZwlAle] chitin chipg 9T 0]& E3te] 80
~120 mesh®] chiting A|82 A}45t4c)

2. 3. Chitosan2| H|=

ARAZRE De)dk 80~120 mesh® chiting
Mima[ 101 2] B, F 47% NaOH 442 110
TAA 1A Fob  ZopAEshibes 5ty
chitosang A Z2& 91, Dol Lzl 2 8kAFA]7]7)
A A 99} 2o ukg-S 43) vhEstdd whe Fo
chitosand £HF42 F£3] Ao <d2=E A3
3 oebg, SElE $o 2 A3 70T A AT Az}
et

2. 4. Epichlorohydring Al23% DN3lEt S| H=
2. 4. 1. Akali—chitin®] &=

Chitin A& 10gol 150mfe] &< 7182 4C= 4
Z+A171% 6N NaOH 150mfE Arhsho] wubsla 4
Tl 308%2t AAsto] alkalichiting AZ3+¢]
o}

2. 4. 2. Epoxy-activated chitin®] gt

A7) alkali—chitinell & 600méE- 7}st 60°C ol A
30%-%9} wukgl & epichlorohydrin 390.37Tm¢E 7}
& 35CellA 1208 FoF mubstwa] whg-A| 7o}
AA¥ epoxy-activated chiting o{3}s}l1 oe)|22
A 33 AHRF EE FE3] AFsdd

2. 4. 3. Aminohexyl chitin®| &HA
A+7] epoxy-activated chitinell 0.625% hexamet-
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hylenediamine =<}(HCIZ pH 118 z4) 400m¢
E 71HE 60CAlA 1208 Fb wukA]7|dA] ube
AlZck. A" aminohexyl chiting oJ#st7 =2

FE3] AlFsgc

2. 4. 4. Epoxy-activated aminohexyl chitin2| &4

Aminohexyl chiting& 0.25N—NaOH 500mfe] &
etA]7]3L epichlorohydrin 390.37méZ 7}alA 35°C
ol 120 Fob wubAl7|EA WAt AR
activated aminohexyl chitin®& 381z 2 25
3] Al Hshc,

2. 4.5. 1¥3} tanning| &4

A E epoxy-activated chitin® 3% tannin-&)
(NaOH$ o|-8-8le] pH7 =43 %, 0.06% NaBH,&
7K 7)) 400mésl] BehAl712 N, gasS Ho] Qo w4
45°C oA 1508 Fot TukA)7) 4] wk-g-| Zc).

e FE F USES 998l & 500mlE A H
gted olubg- tanning A AT 9L EAd 30
% oAE T4 225mfE shety HClE o]4-3hod
pH 22 ZA% F 25Col4 10852 wukA A},

- F A

opste] FAAE Row B 500mE A HG F
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Resin 1 & 27]3)

2.5. Silane coupling®| & AF23EH 1X3| tanning &
Y

Chitosan 6g& 10% acetic acid s 600mé)
4| A21% tannin 180gS H3 ksl A L34
713 932 F 35°CE &9 silane coupling#lal y
—glycidoxy propyl trimethoxy silane 36méE 7}s}
I 3AZE Fo ubSAIA F ooabala, wke AR
% UukS- silaned oNEl2 24 33 MAHY = 40C
LA 2427 Ax F X EF 80~200mesh® &
Aok, £4E AEE B 4WE AJgdo
Soxhlet F27]94 %3l vulg tanning A7
g &, 70°ColA st Azsgdct. (o]t o] AES
Resin II & <F7)3})

Epichlorohydring A}-4-3t vAgetde] vl wzp=

- Alkali chitin

Chi-OH + OH —— Chi-O" + H,0

- Epoxy-activated chitin

Chi-O" + C{'Iz;,CHCHz(:l'— Chi—O—CHzCIHCHzCI

——>Chi—O—CHzC{I—/CH2 + CI°

- Aminohexyl chition

O

Chi—o—CHzC{'I—/CHz + NHy{ CH.)sNH,

¢}

-— Chi-O-CH.CHCH,~NH,( CH, )sNH,
|

OH

- Epoxy activated aminohexyl chitin

Chi—O—CHz(T“HCHz—NH( CH;)NH. + C{‘Iz}CHCHzCI

OH
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OH OH
— 20K hi-O-CH.CHCH,-NH( CH)NH-CH.CHCHCI + 2HO
7 !
Chi-O-CH,CHCH,~NH( CH, ),NH-CH,CHCH,CI
o o
> Chi-O-CHCHCH-NH(CHNH-CHGH-CE: + T
o 0

Chi-OH : chiting v+eb

- Tannin-Immobilized on chitin
Chi—O—CHz(IZHCHz—NH( CHZ)sNH‘CHzC{I—?Hz + HO-Tannin

o
NaBH, ... )
—_— Chl—O—CHzClHCHz-NH( CH: )iNH,-CH,CH-CH,~O-Tannin

i
o8 o

Silane coupling#l & AH4-3 T Asebde] vbg- o7 E

+ Chitosan¥ silane coupingAl ¢} epoxide i3]7)&Hut-g 2 methoxide?]
7hE 3

Chi-NH, + C\H;/CHCHzOQHeSi( OCH: ),

OH
+ ~
L Chi-NH-CH-CH-CHOCHS —OH + 3CHOH
| “OH
OH
- Tannin® silanol group¥¢] self-condensation
/ OH
Chi-NH-CHCH-CHOC;H:Si—OH + OH-Tannin
| AN
OH
/O—Tannin
— Chi-NH-CH,-CH-CHOG:H:Si — O-Tannin  + 3H0
IOH \O—Tannin

Chi-NH; : chitosang %A
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Immobilized Tannin on Chitin( Resin 11 )

2.6. 50|29 EAAH

ol Az Aol TEAS] Zdo)e FI
AYE hatch & o]438 ¢t & Cu'? Ni*?, Ba'y
Ca™’, Co*%, Cr*%, Pb*2 @ U0,*2% 9] 100ppm ©]-&
S5 A4S sbste] pHE 24T F o5 4o
25méel 7 A# ol 1EAE 0.1g4 713t wo 2
E5o FuA 2447 b *E‘iow Wl*l?% Ch

T’:
£% 245 %z}% 240

2. 7. Y4
FAHY  Agol= ZEAEY F2E  FTR
(Nicolet, Model 5-DX)2 ¢]43 HJugFsrdE

Ho2 Halshr}.
F44Y0) B JAF Y TEo)e sEE UHE
FHEA(GBC 903)2 245193 Sebdole BA

T3, A4A A1 3, 1993

< Milton Roy Spectronic 212 ©]4%}¢ Arsenazo
el o F33=w{11] o2 sl

3. 4 g nx

3. 1. Epichlorohydring A28l immobilized tanning)
B

TAHA A71EQ AGAR BE 229 woez &
WA o) chitin chipg 9413, °]& 80~120 mesh
23t 2 chiting AZ3}r}.

Chiting 6N NaOH 402 Helste] alkali-
chiting A Z3F 7}ZAZ epichlorohydring] &4
S HSAAA Fpsta whs e e} wbe A ke W
A|71M A epoxy-activated chiting gAskedT, wjuk
4% epichlorohydring E2 A "8 o).

Table 1 4+ epichlorohydrin®] & 0058
B 052712 WA A7/ AN AB¢L 24 A



Chitin @ Chitosandll 2] 32 & 351

Table 1. Effect of Reaction Temperature and Amount
of Epichlorohydrin in the Reaction with Alkali

Chitin
Reaction Epichlorohydrin | Conversion Ratio
Temperature(‘C) | (mol)/Chitin 1g (%)
0.05 15
0.10 2.3
3% 0.20 44
0.50 6.3
0.05 11
0.10 13
60 0.20 2.7
0.50 3.2
0.05 1.0
9% 0.10 1.2
0.20 14
0.50 31

* Rection time : 30min.
* Conversion ratio=

( wt. of epoxy-activated chitin )< wt. of reacted chitin)
(wt. of reacted chitin)

Table 2. Effect of Reaction Time in the Reaction of
Epichlorchydrin with Alkali Chitin at 35°C

Reaction Time 60 120 | 180
(min.)
Conversion

6. . . .
R 3 | 72 | 89 | 43

* Epichlorohydrin 0.5mol/Chitin 1g

£ veliiglt}. Epichlorohydring 0529 uhe &
5 35C o9 Hshgo] 714 FoAdo 2 eyt
Table 2¢4+= 35°C whgo)4 epichlorohydring}
0582 FAAFZ H-AZFS A3 A AzFE A
#8L 243 Ado|d. whEA|Zte] 274 A
F§2 718l 1208 4 HdlE Yelon 180
o

)]

Mo ool o

Ao ZAasgdc). o728 =419 epoxide ringol
7zt dojutr] wielek AzHeh[6].

Epoxy-activated chitinel hexamethylenediamine
F49L 7}ste] aminohexyl chiting 343t
o] 7)4]  hexamethylenediamine®] epoxy-activated
matrix®} tannin 2]7E Alole)] spacer arme. & 2t
4319129, Sakaguchi$[6]& spacer arme] &

IS

v Ttoes

Fig. 1. IR spcetra of chitin and immobilized tannin
on chitin(Resin 1 ).

a) Chitin

b) Immobilized tannin( Resin 1 )

2435 tannine] $l& A3} tannin¥ o} o BE
o $eEs FEgdz Raus v} gl

Aminohexyl chitine] ©}A] 7} A 2 epichloro-
hydring 7}8}e] epoxy-activated aminohexyl chi-
ting AZ32 o7]9 tannin $4YE 718l HFE
AAE9l A3} tanning 489 Resin ).

Fig. 12 348 1#3 tannin, Resin 19 A9
A i*A:ﬁ}EPA o "}E]"’H‘ﬁb““ 17200m-1 H:L_,]
C=0 AFAF ALFE F57F BEH o ukgo]
AP SE B 4 2.
3. 2. Silane coupling®|S Al23t immobilized tannin
o &y

Chiting- 2.39] utyjo 2 2olxeds}sto] chitosan
< A zs8}9t}. o] chitosang 10% acetic acidel &
815t o tannin3} silane—coupling Al ( y —glycidoxy-
propyltrimethoxy silane)E #H7}sle] ub-Sx) AL},
Epoxide ringe] 7§&t=]H 4] chitosan®] —NH,9} ut
233 methoxy”|7} 745237} Aoy} silanole] A
A"}, Silanole] OH$ tannine] OH7} &§hub-g-d)
o8 ge] A 243} tannine] P4}, vk
AL AZAA 80~200 meshZ E23}o] Soxhlet
BAE o]43le vlkg tanning A3 A As )
(Resin II).

Table 39) 4+ tannin®] %3} silane—coupling# ¢
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Table 3. Adsorptivities of Uranyl lon with the Variation of the Amount of Silane Coupling Agent and Tannin for Resin 1

Condition Q'ty of Tannin used, g( Chitosan 05g)
5 10 15
Adsorptivity Rate(%) | Qty(mg/g) | Rate(%) | Qty(mg/g) | Rate(%) | Qty(mg/g)
05 60.46 15.12 7551 18.88 76.78 19.20
Silane Coupling 1.0 66.06 1652 85.63 2141 86.09 2152
Agent(m¢) 20 81.03 20.26 87.35 21.84 88.04 2201
3.0 85.97 21.49 90.11 2253 93.56 23.39

* Reaction temperature: 60°C  * Reaction time : 120min.

3% Adsorption condition

1) Uranyl ion conc. and sol'n volume : 100ppm, 25m¢ 2) Contact time : 24hrs 3) Room temp. 4) Sample: 0.1g

Table 4. Adsorptivities of Uranyl Ion in Variation with Reaction Time and Temperature( Resin 11 )

Condition Reaction temperature( C )
35 60 65
Adsorptivity Rate(%) | Qty(mg/g) | Rate(%) | Qty(mg/g) | Rate(%) | Qty(mg/g)
30 93.79 2345 95.98 23.99 95.63 2391
Reaction Time ] 60 94.60 23.65 94 48 23.62 9391 2348
(min.) 120 94.83 23.71 93.56 23.39 91.72 2293
180 %32 | 2408 9276 2319 88.04 2201

* Tannin 15g/Chitosan 0.5g
% Adsorption condition

1) Uranyl ion conc. and sol'n volume : 100ppm, 25m¢ 2) Contact time : 24hrs

%<& wiste B2 uranyl iond] FEH5L 2Als B
A%, Az A EF tanning <ko) 15 gdu] 11ane
couplingA| 8] <ke] 3mfe] uranyl iong] FXo)
g Jehlglo

Table 4= WhgLxel HES-A)7He #stA] A7)
w2} uranyl ion® FEF5e AsEgted 35CU
€ ibEA17be] F713bel| mhat FEso] 2o sk A
60C, 90C A+ wh-3-A)zbo] Zr}3hel we} Fits
o] 7rAastgc}, o)7L 60°C 1+ 90°CY vz To
<=M 243 E tanning A2 QlE Az 9

FHAY 2 A7te] F7} 42 FaAvo] ags
Aoz Azt

Fig. 2= 348 143} tannin, Resin 119 A9
A Fradeyds Jepigdsd, 1,720em 2329

&8k F9k 1,200em! BZe
AEAF Astes 594 800
deformation peak’} 2= o]
#q

1% 4 3190

TA8E, A4 A1z, 1993

ESUS]

3) Room temp. 4) Sample: 0.1g

P P

oou e Py

Y
saviasonne on-ib

Fig. 2. IR spectra of chitin and immobilized tannin
on chitosan(Resin II ).
a) Chitin
b) Immobilized tannin( Resin II )



Chitin % Chitosanol 2] A 3tebd o] F&ol- FAEA A A7 211
Table 5. Adsorptivities of Various Metal Ions with the Variation of pH to Resin I
Metal Ions pH 2 pii 4 piib
Rate( % ) Qty(mg/g) Rate( %) Qty(mg/g) Rate( % ) Qty(mg/g)
Ca* 0 0 0 0 1.25 031
Co™* 169 0.42 441 1.10 9.52 2.38
Cr*t 51.60 12.90 39.83 9.96 2091 5.23
Cu** 242 0.61 27.50 6.88 74.79 18.70
Nit* 0 0 1.15 0.29 3.55 0.89
P 9.15 2.29 57.42 14.36 * *
UG 389 097 7402 18.51 94.60 2365
* Adsorption condition
1) Metal ion conc. and sol'n volume : 100ppm, 25m¢ 2) Contact time: 24hrs 3) Room temp. 4) Sample: 0.1g
Table 6. Adsorptivities of Various Metal Ions with the Variation of pH to Resin 11
Metal lons pH 2 pHi 4 pH 6
Rate( % ) Qty(mg/g) Rate( %) Qty(mg/g) Rate( %) Q'ty(mg/g)
Ca™ 0 0 0 0 0 0
Co** 0.27 0.07 6.35 1.59 18.65 466
Cret 52.60 13.15 32.64 8.16 19.37 484
Cu** 168 0.42 23.06 5.77 83.63 2091
Ni#* 0 0 0 0 2.75 0.69
Pb** 558 1.40 65.10 16.28 * * -
Uo,** 24 .87 6.22 78.85 19.71 96.44 2411

* Adsorption condition

1) Metal ion conc. and sol'n volume : 100ppm, 25m¢ 2) Contact time : 24hrs 3) Room temp. 4) Sample: 0.1g

3.3. 2&0|29 ZEAIY

pHe| #slel] w}& o7}z F&ol el o
< Table 59 Table 61 I%E‘rlﬂ‘iihtﬂ Resin I,
Resin I 2% Cr*& A&g §50]2L pHt 5
7htell wet &35 sholoH uranyl iono] t}
2 &0l s 453 FAsS Bo A"l
A&E e

Fig. 3& F79 ofe] 0.1g, & A2kl 24417,
uranyl ion®] 5%} 100ppmA® Resin 1 e o3
4 pHe| Wistel] ot uranyl ion®] &25E ek
Wl pH7b S7kgtel wet 35 43 371
8led pH 69014 95% A= F&&< i),

Fig. 4& Resin II H&te] Jeligled Fig 3%
v AFE veblovt pH 2914 Resin 12t}
ot o 2 &S el Fig 5 34

s

o] 74

o
=
B

7¥e] 24 A7}, uranyl ion¥] %%7} 100ppm(pH 6)
°—J esin [ o & g=x]¢ke] Wl W uranyl
"—‘1%% el ded FA%e] St o
80% A =H-¢ Z713e] 100mgel A &2
Fo] HUE el Fago] HYE o|FUAT
7 1g3 EF#HE uranyl ion? FEeke expo
nentiald} Al 7Fadt et
Fig. 62 Resin II o dfs] Jelfsdded Fig 5
o} v)5d A4S Yelgl o} Resin 11 o4& 50
2gS vehdle] FEgo] HYE o

@ R
onsl &
S

L

mgell A Ao Fa&&
F9id}.

Fig. 7Tolde FAI%ko] bmg, F2A|zke] 2447
uranyl ion £ pH7} 64w Resin I o
uranyl ion ¥%=9 Wl o FH5E 4T 4
Jelck. &7} Fbge] wet FAEE Folshe

100rppm°pl“ﬂ g Jelll gl 100ppm o) el A&
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Fig. 3. The adsorption rate of UQ,** with the variation of
pH to the immobilized tannin{ Resin I ). Concen-
tration of UJ* in the adsorption solution was
100ppm and contact time, 24 hr. Amount of

adsorbent was0.1g.
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Fig. 5. Effect of the amount of adsorbent{ Resin 1) on
the adsorption of uranium. Concentration of UQ?
in the adsorption solution was 100ppm( pH 6) and
contact time, 24 hr.
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Fig. 4. The adsorption rate of UQ?* with the variation of
pH to the immohilized tannin{Resin II ). Concen
tration of UG in the adsorption solution was
100ppm and contact time, 24 hr. Amount of
adsorbent was0.1g.
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Fig. 6. Effect of the amount of adsorbent(Resin II )} on
the adsorption of uranium. Concentration of UQ
in the adsorption solution was 100ppm{ pH 6 ) and
contact time, 24 hr.
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Fig. 7. Effect of the concentration of metal solution( pH 6 )

UO2* Ton Adsorbed( %)

100

80

60

0 ] i 1
0 5 10 15 20 25

on the adsorption uranium by immohilized tannin
(Resn I ). Amount of adsorbent was 5mg and
contact time, 24 hrs.
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Fig. 9. Time course of uranium adsorption by immobilized

tamnin( Resin I ). Concentration of UG in the

solution was 100ppm{pH 6) and amount of
adsorbent was0.1g.
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Fg. 8. Effect of the concentration of metal solution( pH 6 )
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on the adsorption uranium by immobilized tannin
(Resin 1 ). Amount of adsorbent was 5mg and
contact time, 24 hrs.
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Fig. 10. Time course of uranium adsorption by immobt

lized tannin( Resin II ). Concentration of UO*" in
the solution was 100ppm(pH 6) and amount of
adsorbent was0.1g.
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Fig. 11. Breakthrough curves of UO** and Cu** by immo-
bilized tannin( Resin I ). Concentration of metal
ion solution was 100ppm{ pH 5) and the volumet-
ric flow rate, 6m¢,” min.
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Fig. 12 Breakthrough curves of UQ*" and Cu** by immo-

hilized tannin(Resin 1 ). Concentration of metal
ion solution was 100ppm{ pH 5) and the volumet-

ric flow rate, 6m¢ /' min.
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