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Abstract: Crosslinked chitin was prepared by the reaction of epichlorohydrin with
chitin which was isolated from waste marine sources. The crosslinked chitosan of de-
acetylation degree of 0.635 was prepared by the deacetylation of the crosslinked chitin
with crosslinking degree of 0.145 per N-acetylglucosamine residue. New chelating
polymers such as crosslinked amino deoxy chitin and chitosan were synthesized by the
chlorinations of crosslinked chitin and chitosan on the OH groups at C-6 positions with
thionyl chloride in DMF, followed by the aminations in aqueous ammonia solution in the
presence of KI. The structures of these chelating polymers were conformed by the ele-
mental analysis and the substitution degrees of amine groups of crosslinked amino deaxy
chitin and chitosan were 0.303 and 0. 351 per repeating base unit of the polymer, res-
pectively. The anion exchange capacity of these chelating polymers was determined by
the titrimetry, the adsorption characteristics towards various metal ions such as Cu
(0), Cd(Il), Cr(Il), Cr(Vl), Pb(Il), Hg(ll) and UOQ, (VI) were examined at differ-
ent pH by batch method. In the case of the crosslinked chitin, the adsorptivities of
the metal ions above pH 5 region were in the order of following sequence ; Hg
(I)y>U0, M) > Cr(l)> Pb(ll)> Cd(II)= Cu(ll). The adsorption tendency of
the crosslinked chitosan to the metal ions was similar to that of the crosslinked
chitin. However, adsorption rate of Hg(ll), Cu(ll) and UQ, (V[) were increas-
ed up to 95%. The adsorptivities of the crosslinked amino deoxy chitin to the metal
ions showed some increase as compared with the crosslinked chitin by dative bonding by
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—NH, ligands introduced, for the adsorption rates of Cu(Il), Pb(Il), UO, (M) and
Cr () to the crosslinked amino deoxy chitosan were increased more than 95% by in-

troducing —NH, ligands. The adsorptivities of these chelating polymers to the metal

ions were increased with the increase of pH. However, Cr(V]) existing oxyanions such

as Cr,07 and CrO2~ showed different adsorption tendency showing maximum adsorptivity

at pH 2. The adsorptivities to the metal ions and the anion exchange capacity of these che-

lating polymers were in the order of following sequence; crosslinked amino deoxy chito-

san >crosslinked chitosan >crosslinked amino deoxy chitin >crosslinked chitin, and the

sequence was in accordance with the content of primary amine groups in the polymers.
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=0 B el o] 2T KE ol I B
TeHIE BRI ok

ATl A= (LB S B L she] EEEE
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E gl 8EE HIVS R Kk BEYS
2 HE] BBt chitin-2 epichlorohydrin & &
BEHISked 3 oT MEAKHEE ¢ RS chitin & HIK
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& o KEEH o BHAAIAA —~NH, 27029 4
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E =45l 22 amino deoxy chitin 3F 2245
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3T, FASIE R, BEE T MELE e
#% 184S, thionyl chloride & B&E LA ¢] &
% 1§k <, dimethyl formamide, oel2, ol &)
B Fo| BEEe k2ol KEBHK S Shinyo
Pure Chemicals ] 3% 1§k 2 22 {{iH 3}
dom, FaEALF 4 B EHMESS
HALes o] A3 1483 (/A 3Hsich

2-2. Chitin2] IR

KEER BERY 255 Heckmani:3& g &
Fgk o2 chitin & BEstglel F, AAE
$#£5tod Eimoll A 2N-HCIKEBE#K ol 6 BE{E 5k
WEAA REZ5E BH A7, FEMA 94
B B obf ol A& of4] 2N-HCl KB&+
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NaOH KEK 22 15C LIT o BEAA 248
filgat g sle) BABE S SR ET &AHE
KE FH3 derh olebzre BEEH 47
YEEE &% 38 RED #, 3% H0, IN-
HCl kE#g o2 ERAA 6REFE BFF
B LBl staL mpxjt o2 ofzbe| EEIE 3
off ZKI@K, o, ol 22 IH2 2 42 FfRsl
o] fiEafa 2] chitin chip2 dich o] A% ball
mill £ }A] ¥y st 100~120mesh 2] chitin
BERE dn AKE EHSL

2-3. %845 chitin 2} %24% chitosan2| &K

ol A 32 chitin ¥EEFEK 100gel] 7M-
NaOH K## & 600ml pn 3l (ERERE P ol
A 5C T2 #Fesbd A 24R5EE —&&
2 L3t # o] epichlorohydrin & —&E 4
Insla 22 kol A 245 Fot RIENE S
fT3k%et

IKHEH o BilE & AWKl dekgs HoA4
ot 2-e] o} K TFE 2] epichlorohydrin-g [ %3}
3, 0.1N-HCl3} 0. 1N-NaOH KEHK 22 30
R R KR sLT, FEK, debg, duE
o JEO 2 AL fhol] 80T ol A EHZEHIE Gk

EERES AR KEDF S —HE 0%
NaOH K&#E ol 4 150C 2 285 -5t Mot
A EMEsled AR kS 10% BEEEKEIRK
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off #iat BMES A om, BMgtEel 3l
2245 chitin ¥t 80gell 47% NaOH K% 800
ml £ sl —EHE R BHskE 4 110C 2
L& ok n#kaled i obal EMb [KHE-2 173}
I BEE REBKE A2 %, olshztg oAl
et HE-S 4l SZfH st 445 chitosan 2 %
Gsksleh REES O Bl v ZBKE 553 4
i, 0.1N-HCl 3 0. 1N-NaOH K #H 2 2 34
R R R tholl ZKMEAK, olekg, oflH)
Bl LR Mo 80T ol 4 FHZHMR 515 ek

2-4. 3% chitin 2} 3248 chitosan2| EIE(L

g

Z 1% % 845 chitin 2 2848 chitosan 3}
Ngs BMAHEB ) MER 40 Zel£30)
¥ 3 dimethyl formamide 600ml & hnste] 85C
ol A 125 F <k B2 4120 #, thionyl chloride
210ml 5, EEZhofl K3 KERM 71 90T LUk o]
A E g EEstd A @maeta, 22 {E
A 4] Tk KA Z YL KEH HiES
A 3tste] K@K A 1% NH, OHK#E# S
ol (L&A d2el= HMuiest gAEEES
BrEgh £, Soxhlethhhidgpol A El4%y ol fi
& ot ELR RESIT cdlulze EH I #
80T oll 4 EZEH MRSt 45 chloro deoxy
chitin ?} %245 chloro deoxy chitosan € &K
shoiel

2-5. 3% amino deoxy chitin 1} 324%

amino deoxy chitosan2| &%

#& ol HFL hiEs BE 155 BEGH
oL &S 31 Feta3pdl 28% NH,OH
KEH 600ml 2} KI 12.5g -8 37 pnsha ot %
Vol 7b£E Bl F=H A 50T ol A 24 R F-ok
obuvlfl IES fraboich WEEH A HilEES
AWK E 43 0.1N-HCl = 0. IN-NaOH K ¥
WO vl KEEH T B RBK, o2 d
Bl 22| JHOZ g ol 80T oll 4] R 221 4]
A4 245 amino deoxy chitin 3 225 amino

deoxy chitosanS &% sFich
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o RE
flell A UG el EgGis T 52 &8 ol
2+ REEBR-S batch{)_;—a’ Fim stsdel. &, Cd
(I, CU(H) Cr(ll), Cr (M), Hg(ll), Pb
(I'), UO,(M)2] 100ppm o] 2 Soll %k
= 7]”0}"’1 f??‘r °| pH & #E R #, olE &HW
25mlell 2 A olE 54 15 0.15g 4 pustw
o] 2 EFo] ol 4 488FR] FoF BEAA MK
Eoled £Bol TS BEAA %, Bl S o5t
SEIL o Foll Bffsls &Bol2ES BEE
ahTske] g = 48 ol-e& S sk
E A ks BlEES 0.3g4 HEdY
O.IN-HCIKE® 25mlol %% hnsha 24850
Tt Bl A BB HA A E EF] T
Bl 58 o3kel 4% 20ml & #3led 0.1
N-NaOH K&EH 2 2§ shod B =2 fgel&
LBAEES Blashich
2-7. % W
Gy Aol E iy 5ol Hiliv KSR
SHHE it (Perkin Elmer, Model 1331) 2 £l
H gt 55‘\5’%5% 2AER O R gRIG o, RiF
g o el ey = AF S TESVE (Ya-
nagimoto CHN Corder, Model MT-2) & f{iff
Hatel C, H, NTFEe 8% #AA L Kjel-
dahlificl] #3t EXRFITME Hawist 512
248 pstslos, EEREE e EFREES
$ilg 2 Parr bomb Hel4 Na,0,2 @b/
A1 7] f&"ﬂ Akl S BB ol% Volhard B 2

| IEAWER 2t BROI2 ZHR

Table 1. Elemental Analysis of Chitin and Chitosan

2 w83t stHE sk

EREER v Ao SEolL BE
 BEFEKES KK (Perkin Elmer  Model
5000) 2 #isksiom, UO, (V)2 B+ BRI
+ Baush & Lomb Spectronic 20& {4ifj s}«
Arsenazo [[ ol K3t WK E R & &3}
ek

3. BR H EE

~1. 3848 chitin} %248 chitosan2| &1

EVERND o) AB#ep chitin ] £E-L 20~50
% Rlpela, olERNH chitinf HEs
Heckmany: %17 30] otejn gich,

KEFR BEWSESLE 2-29] JHikdl &
MEE 2 chitin 2 Bg#Esly, o729 Molald
{t. FE#EEE ol chitosan S 8L& 3 B TEHSTS
17 8ke] Table 1ol VEbH A =dl, THRS HriE 7+
il imfE oF A 2] —FSka glol @Rt chitin ol
T3} poly-N-acetyl gluicosamine 4% ¢
ek

Chitin 3} chitosan-& 1 Fi#&7} #FH3 KK
7o o] E 4y f o] Al ulk, chitosan-& pH 5 LIF
o] BEHE KRB AN A= EREste] (R A&
317 allpoll fLBy R gt A o] E &y
& 88 3l 7] $18H A chitinS epichlorohydrin
o KIEAIA 3HTT MR o) REFEGm S
HECsEdel BP0 %128 chitinyt [/ E & <)
epichlorohydrin-g FZFE A7 # HiolA] eMb3t
oy B3t chitosan-epichlorohydrin fif§ 7}

Degree of C H N C N®
Deacetylation Formula % % % /N %
Chitin 0 (CHRON-0.5H,0] Calc’d. 45.28 6.65 6.60 6.861 6. 650
Found 45.46 6.63 6.64 6.846
.05 8.03 5.
Chitosan? 0.9 Calc’d. 42.71 7 5.317

((CeH gOsN) o (CHON) 45 0.5H,0) Found 8.038

42.59 7.06 8.04 5.310

a) . Determined by Kjeldahl method.

b) ! Obtained by deacetylation of chitin in 50% NaOH solution at 110C for 4 hrs.
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Chi—OH + OH~
Chi—-0~
0

Chi —O—CHZ—('ZH -CH,Cl
0-

—_—

&—— Chi-0~ + H, 0

+ C\Ijz—/CH—CHzCl ———> Chi—-0 -CH,; -CH -CH,Cl

|
0-

Chi-O0-CH,-CH-CH, 4+ CI-
N/

Chi-O—CHz—CQ—/CHz + 0™-Chi ————> Chi-O0-CH;-CH-CH,;-0-Chi
|

0-

Chi—O—CHz—(ilH—CHz—O—Chi + H*—>Chi—-0-CH;-CH-CH; -0 —-Chi
|

0-

glucosamine B¢ 100 {E# 3518 2| epichlorohy-
drin4y 17} $6& 5 i o & TR AE 25
#Eslg o, Muzzarellil® £ glutaraldehyde,
glyoxal, epichlorohydrin % .2 g chi-
tosan Ll o|E g E ks sich

Chitin 7 epichlorohydrin 2| ZEKE 2 2
K3 722, chitin o] ofulfel= obAl g7t
FEE e B3R ERdL TFI2s R
C-6 frfB ol KEsE 7l C-3 (rE ol AEpErct
[ifEM o) m 2l C-6 frfE o] KEEEF ol —
H7t BB B4 Aoz A=A, F-

OH

W A—% KHECIZ R chitn 8] XK@ 4 7}
7 A S-e Kol Uold AoE BERL
TM-NaOH K#E# G o4 N-acetyl gluco-
samine B#E ol ¥ & epichlorohydrin ¢] &l &
8L A 7] e A AHEE B4 chitin 52 TR
il 258 &% 8| BBEEE IHE Sl Table 20l
Jelw g &), Table 2248 & 4 = ulot
o] BEE = B ol Emel tge] gubsiA
®insta ek = 10% CH; COOH K&
Ha Bt BEE7E 01U L] RAE
dto] 57 43l Ao & T

2

®
-y

v

3o rlo
|o

Table 2. Presumed Molecular Formula and Elemental Analysis of Crosslinked Chitins

Molar Degree of
Formula C H N } N@ Solu-
ratio® Crosslinking® % % % ‘N % biliy?
Calc’d. 45.58 6.66 6.50 7.012
R , HO) a0err0. 5 H . +
0.125 0.06  LCHON an(CHlONra(CHO)oar 0.5 0l £y ca 666 649 7,015 >
Calc’d. 45.79 6.66 6.42 7.132
X , H0 CH,,0 CyHe0)a 10°0. 5 H,O . +
0.250 0104 ((GHON o mdCHuON e CHO)onc0-5H:00n 4oy 660 645 7107 849
Calc’d. 45.98 6.67 6.36 7.230
H¢0)e 16'0.5 H . +
0. 500 0.145 ((CH 305N 5.7:0(CaH1206N) ¢ 20(CsHeO) . 16°0. 5 H,0)n Found 46,00 6.67 6.36 7.933 6. 368
Calc’d. 46.16 6.68 6.30 7.327
1. 000 0.182 ((CH 1 ON) 0636{CH 1 ON) 036(CHO)a 12 0. 5 H0)n 6.317 —

Found 46.59 6.69 6.31 7.320

a

o

¢) : Determined by Kjeldahl method.

=

E2H A 94 A 53 19854 10¥

)
) : Epichlorohydrin units per N-acetylglucosamine residue.
).
).

Equivalent moles of epichlorohydrin per N-acetylglucosamine residue.

Solubility of deacetylated products in 10% CH,;COOH solution, (=); insoluble, {); partially soluble.
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Table 3. Presumed Molecular Formula and Elemental Analysis of Crosslinked Chitosan with the variation

of Degree of Deacetylation

Reaction  Degree of

) . Formula
time (hr)  Deacetylation i

% % % N %

((GHi3O5N) o. 366(CéHy 04 N) o344 (CeH 1205N) 0.140 Cal'd.  44.85 6.86 7.01 6.398

1 0. 485 7.005
(CeHiwOiN) .11 (CsHg0) 0,145 0. 5 H,0) Found 44.8 6.85 7.05 6.363
5 0.597 ((CsH1s0sN) o, 256 CoHay OaN) g.a2¢ (Cy Hip Og N) 11y Calc’d.  44.55 6.91 7.17 6.213 7 1%
' (CeHi6OuN) a.173(CsHgOf )o. 145 *0. 5 Hy 0y Found  44.54 6.93 7.18 6.203
3 0.621 ((CsHuOsN) 0.260(CeHi ONg, 41 (CaHi2OsN) 6,110 Calc’'d. 44.48 6.92 7.21 6.169 7 913
' (CeHioO04N) 0,180 (CsHg 0) .15 0. 5 H, 0] Found  44.46 6.91 7.20 6.175
s 0.635 ((CsHiaOsN) 0259 (CeH1,04N) 6. 451(CsHi13 05N} o106 Cale’d. #4.45 6.93 7.23 6.48 7 o8
' (CeHioOuN) 0,184 (CsHy0) 0.5 +0. 5 H,0) Foud  44.46 6.93 7.24 6.141

a) : Determined by Kjeldahl method.

BHEEZ UF oW KEH] ETS =2
epichlorohydrin ¢] &7} 0.5 & KEEEEHF
A &R R 2848 chitin (BAEEF 0. 145) & $0% 3}
of EBdl FEsGrk(e]l #iEE C. Chitin
= Bg.

2 71 0,145¢) C. Chitin-& Mima %9
B oz fiolAl ek st Bk 4 chi-
tosan 5ol ¥3led LRHIT S 78l o|24H
Bt oA EMEE S ZHE 3}e] Table 3o YEFW S
<, Biotsl EMLEE v REERFfE o B st 18
ek o, JEZRE chitosan o] Hidlo 245
BHEFL] BER oo BlotsgbE = el
4lo] K Mot eMbsle] BiE 3 B4 chito-
san 2| i oAl ML = 63.5% ¢l et (o] BifE &
C. Chitosan o] 2} B§%).

olE2 WiE Watslsl #1dled Fig. 19
chitin, Z84% chitin, %845 chitosan?| FKIER
KAAERS £& el chitnd 7
96l 3,400cm™ KU ol 4 —OH 9} —NH — 2|fd
fEiRE ol R = Bl 2 2,900 em™" B oll 4
~ CH, — ¢| fhffiRE) o 2R == Rkt #etA
Vel 9, 1,650em™ ofl 4] ¢] N-acetyl £
o B == Wik et N-H ¥ 2#RE 2l C—N {i
fEEE o &R == %k 7+ 1, 550em™ 2} 1,310em™!
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C.Chitosan

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400 200
Wavenumber (un‘1 )

Fig. 1. IR Spectra of chitin, crosslinked chitin
and crosslinked chitosan.

ol 4 &% =2 el epichlorohydrin & &
2 4B chitin 2] IR 230 & 8.2 chitin 2|
Ao & ERE o, 2,900em ol 4 9
—CH, — hffEi#) ol BR == Rl 7F o st
A, 1,020em el 48] 1k —OH#E ol 58 =+
Wi 7 2 oksHAl Vel vk = OB
chitosan 2] 7 %ol 1, 650em ™ ol 4] 2] N-acetyl
H ol BRslv ‘EUBI# §§3P7‘| Bol=Ia glo]A
B ol 4l EME BUHE ©] 3 Res ¥ 7 Uk

3-2. 32 amino deoxy chitin} 2% amino

deoxy chitosan2| &%
288 chitin 3} 2845 chitosan &] o}w]|:fL FEHE
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Table 4. Chlorination of Chitin with SOCl, in DMF

7

Cl (%)®
Reaction at 65T at 75C at 85C
time (hr) Molar ratio? Molar ratio® Molar ratio?
5 10 15 20 5 10 15 20 5 10 15 20
0.5 4.83 5.30 12.13 7.60 9.35 10.83 12.49 13.77 11.53 12.00 12.47 12.73
1.5 6.80 9.23 10.85 12.35 10.80 12.27 13.83 14.83 13.03 13.49 13.77 14.39
2.5 7.75 10.35 13.15 13.53 11.67 12.27 14.13 15.15 13.30 13.75 14.35 15.27
3.5 8.40 11.15 13.77 14.73 11.94 13.20 14.67 15.47 13.39 14.03 14.73 15.89
4.5 8.77 11.39 14.23 15.13 12.03 13.37 14.97 15.75 13.29 13.89 14.99 15.97
55 8.97 11.20 14.40 15.57 12.10 13.20 14.85 15.99 13.20 14.13 14.79 15.97
a) . Determined Parr bomb-Volhard method.
b) : Equivalent moles of thionyl chloride per N-acetylglucosamine residue.
) e = o) = N o] it (cHy),NeHO 801, Ch1-0K
B =S 5 el 213 BRI PREE S AAkig
& #ztsh7] #9134 chitin & dimethyl for- gl o o %,
mamide (DMF) ffiebol 4 SEERE 2 B, | e,
thionyl chloride (SOCl,) 2| & & &8k 4|71 4 .
) l(cHB)ziTo-cm] €~ + HC Ch1-080C1 + HCl
FZJE A7) chlorodeoxy chitin®] EE&E S &
OH” H0
Hial 58 2 Table 44 Vel e}k, SOCI, o 2
R 5 4 ﬁiﬂ:g\l chitin & 25 ‘%._,Li(}"—',‘ o2 & Chi-CL 4+ (CK,)NCHD  Chi-0GHO Chi-Cl + 30,  Ch1-0S0,K

=g om, Table 238 & 5 %+ uvle} 2o
5 HETRRE o By, SOCI, 2| Eitk 2l gl =}
W BRALEE = @hn sk ROERFME] o) 3. 5KgRY 7 3t
3 e RS E S Bt Ve A
3k Vel 910, Tashiro®¢} Ishizul?
%22 DMF %ol 4 SOCl, ol k3 452
o 2o HFRL FHps Wikd ddA Z2 KR
£ BRI b2l BIRKKE HKat obshak ol
2u1 29 4z SOCL ¢ Brd R &
o] fife] eaEgsln U5 ¥l Ush DMF
%t ol 4 SOCl, ol 4K 3 chitin ] B|#F K
PSS, = Fig. 29} 2o, g4 = of3h4bell &
ol 29} formyl#E 52 &2 elBRF Al A A o
fig =l et

4 chitin 7 2845 chitosan 2] EHE L KE
N-acetyl glucosamine % glicosamine ZXE dll
#35 SOCL &) EHE 205 2 3l3, NERE
ol B S 85T oF 4 BsfE SR shod SEFEIL hinl
B2 M A1 949 A 5% 19854 10¢¥

Fig. 2. Reaction of chitin with thionyl chloride
in DMF.

W‘b’

4000 3500 3000 2500 2000 1800 1600 1200 1400 1000 800 600 400 200

Wavenumber (cm_l )

Fig. 3. IR Spectra of crosslinked chloro deoxy
chitin and chitosan.
a) . Product containing additional func-
tional group.
b) . Renewed product by alkaline hydro-
lysis (1% NH,OH ag. solution).
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BREAT, o5 HiEk e AAERIK
Yo R #atsted Fig. 3o JebwH e},

N

_i: Ao

obghaboll 2 Bl 2ol F <] = Wik 7+ BRI
oA BIHE ol Subslgl S & 4 3l
. °1ZA$ 1% NH,OHKEHK o2 gHa #
ol ol &2 Wy 7t BH =2 e HoE Mo}
Bl el e s BESUSS ¢ 4 ek

X o]E3l ZEHE chitosan 2| 7-¢ EFo4
750em ™ Bfif ¢ C—Cl fp#EiEE) ol &H =+ %
W7t BlE =l Qloi A [pEME Sl & C-6 friE
o] KEgH ol HFE I B s HEL PREILS
el & 4 el

HBHEL 452022 ofv| il [ HaHA
+ Teshirogi ZBd] a4 2m5e]l
ethylenediamine 3} [ 4] 7] # Kol 22 H
EBIZ A2 BEES et HRASE ol &
& EH#EIL FhHEES2 Kl & 2y olkE
Beproll fuskel A4 BERKEA sl A ofu)
xF 7 BHEA 5| 348 amino deoxy chitin (¢]

et
{-J

-3

k!

A48 chitin®] R AIREA S -2 1,760cm™
8

g & C. Chitin-NH, 2 B3} 3} 2245 amino
deoxy chitosan(¢] #fgE C. Chitosan-NH,
2B S K& G o] &2 FAHERI £
#E®S Fig. 40 Jelldes, C-Cldl |
45l Bgsol §55tA BRIs 2 Qo4 Bl
Kol doitaE & + Urh

Table 54l 4= BH#L Sfggel o256 &
R obvlxfb FEM S TEIHME S olF
24 R BRES Jebdgiedl, obnx
v FEE ol BFEFE L A FEsln

C.Chinn—NH,

‘C\Cﬁan NH,

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400 200

Wavenumber (an™! )
Fig. 4. IR spectra of crosslinked amino deoxy

chitin and chitosan.

Table 5. Elemental Analysis of Crosslinked Chloro and Amino Deoxy Chitin and Chitosan

Degree of C H N c1® N7
Substitution % % % % %
Crosslinked b) Calc’d. 4.5 6. 17 6.12 8.919
Chloro deoxy chitin 0.576 Found 45. 25 6. 19 6.12 8.913 6. 121
Crosslinked . 0. 609" Calc’d. 42.01 6. 25 6. 84 10. 539 6. 853
Chloro deoxy chitosan Found 42.02 6. 29 6. 84 10. 545
link lc’d. .02 . .1 .300
Cro.ss inked B 0.303% Calc 45. 02 6. 27 8.11 4.3 8.120
Amino deoxy chitin Found 45. 03 6. 24 8. 11 4.315
i ’ 44. 46 6. 46 9. 55 4. 619
Crosslinked 0.351¢ Cale’d. 9.572
Amino deoxy chitosan Found 44. 45 6. 45 9. 56 4., 620

a) . Determined by Parr bomb-Volhard method.

b) : Calc’d. for [(CsHuosN)o. 134 (CaH1204 NC1)4.57 (CsHy2 O5N) g.2 (C sHe0)o. 15 0. SHZOJn
c) : Calc’d. for ((CsHpOsN)a 037 (CaH 12 O4NCI) 0.222(Cs H11 Oy N) g, 064 (Co HigO3 NCI) g, 37 (CsH1205N) 0. 106

(Cs HIOOAN)O. 184 (Ca Hoo)o.us 'O-5HzO]n

d): Cale’d. for [(Ca Hy; Os N) o 134 (C5H1204 NCl)o. 27 (Cn Hy, O4NNH2)0.303 (Cs Hy, OsN)o.m (C:Hc O)o.us .

0.5H,; 0},

e) I Calc’d. for[(csHuOs N)o. oz (CsHuO4 NCI) .00 (CeHy, OINNHZ) 0.128 (CGHUOAN)G.O“(CCHI) O;NCh o1
(CeHi0 O3 NNH;) 4,223 (Cs Hi Os N) g.106 (Co Hio OuN) 0,184 (C3Hs O) 0,145 0. 5H, 0] 5

f) : Determined by Kjedahl method.
424
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Fig 5. The adsorption rate of Cd(Il) with the
variation of pH to the C.Chititin, C.
Chitin-NH, and C. Chitosan-NH,.
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Fig. 6. The adsorption rate of Cd(Il) with the
variation of the content of —NH, ligand
to different pH values.
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Fig. 7. The adsorption rate of Pb(ll) with the
variation of pH to the C. Chitin, C.
Chitosan, C. Chitin-NH, and C. Chito-
san-NH,.
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Fig. 8. The adsorption rate of Pb(]]) with the
variation of the content of —NH, ligand

to different pH values.
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Fig. 9. The adsorption rate of Cu(ll) with the
variation of pH to the C. Chitin, C.Chi-
tosan, C. Chitin- NH, and C. Chitosan-
NH,.

Polymer(Korea) Vol. 9, No. 5, October 1985



Chitosan 8% Chelating Polymers 2] {5 h¥

o] Z1-& pH 2.58LL Lk o] #ifK ol 4 o] 5 Hulo|E
Eior 1ol BG 7 Ph (1) ok gk Aol o] B
HE HaEsd Faelr HEsl Ao 47
=t

Cu(I)ell ¥t Hello]E &5 ¥ =2l pH 81k
of =& WEHH-S Fig. 9o vebligledl,
Cu(ll) g4l a2 BLE FHm - JepH
gl o chiffEiK ol 4 C. Chitin-& 21%, C.
Chitin-NH & 4% &1 ¢ ®ERE S Jebi,
C. Chitosan 3} C. Chitosan-NH, %2 pH 3L
Lo ol e 97% LI kS #FTF FAAF
S vebe] Akl obm i Y HA R ofvlx
o g ol w A ko] ol dishAl el
3 glow, ojshzlo] EHI WEARE T Cu(ll)
o} ofux o] T2 HuolE wiitEst A
v Ao AAsm, =3 BER S 100ppm &
WiER 7L o) 5 Hele|E &5 52 ok W&
AE U UAYE ¢ 7 Utk

=g Cu(ll) 2l ®EfE vlxle P e &
5¥d el -NH, 2|zk= &2 93e walsh
o] Fig. 10 o vetieul, pH 1.399] sHilE
MR AN AE -NH, elzb=e] a&2 #hnst
o B-o] lhEAECl bz st oloevy, 2 L

100

x©
(=]

(=23
=

40

Metal ion, adsorbed (%)

20

0 0.2 0.4 0.6 0.8 1.0
Content of =NH, ligand per base unit

Fig. 10. The adsorption rate of Cu(Il) with the
variation of the content of —NH, ligand

to different pH values.

Za|H A9 Al5% 19854 10¥

9 2 S ol 5ol WA BT B

ko] S ol A= BB ol B IRHE 7 B S

Hg(ll) 2l Z-$E Fig. 114 & 5 dent
9} 7+o] C. Chitin-2 pHigMm 2} viEo] WRERE
o] A1 4|3] Ehnsle 75% B ol2x Y,
C. Chitin & pH 8 =te} WERE ol F243 8
skl pH 3 LIk o] #HiE ol A+ 90% BEE ol
C. Chitin-NH,¢} C. Chitosan-NH, &< #£
pHEE I ol 4 90% LA E o] @5 <t WAL S vHEL
Wi el =g o] 50 WERE- pH 1 B 9
RS ol 4% C. Chitin o] 41%, C. Chi-
tosan o] 62% &I o=, ofn| At FHHEEE <l C.
Chitin-NH, 2} C. Chitosan-NH, 52| W&EHE
2 9099 94% B 2 A k= o] SRk HUE o
A S A R obvl B ol AR ofv]xmslE o] AL
iz bodell K3 EBol-- WERES] Bt FE
2 &) 1, 455 Hg (1) ol Eal A o5 AuolE
STl BE T MEHFE S JebdS & F

100 - .
80
S
=}
g 60
1
=3
3
&
=4
2
< 40
T
=
—o—o— C. Chitin
20 —e—e— C.Chitosan
—o—o— C. Chitin-NH,
—a—a— C.Chitosan-NH,
0

Fig. 11. The adsorption rate of Hg (Il ) with the
variation of pH to.the C. Chitin, C.
Chitosan, C. Chitin-NH, and C. Chito-
san-NH;,.
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Fig. 12. The adsorption rate of Hg(Il) with the
variation of the content of —NH, ligand
to different pH values.
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Fig. 13. The adsorption rate of Cr([ll) with the
variation of pH to the C. Chitin, C.
Chitosan, C. Chitin-NH, and C. Chi-
tosan-NH,.
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Fig. 14. The adsorption rate of Cr([ll) with the
variation of the content of —NH, ligand
to different pH values.
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Fig 15. The adsorption rate of UQ, (V) with
the variation of pH to the C. Chitin,
C. Chitosan, C. Chitin-NH, and C.
Chitosan-NH, .
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Fig. 16. The adsorption rate of UO, (V) with
the variation of the content of —NH,
ligand to different pH values.
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Fig. 17. The adsorption rate of Cr(Vl)with the
variation of pH to the C. Chitin, C.
Chitosan, C.Chitin-NH,; and C. Chito-
san-NH,.
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Fig. 18. The adsorption rate of Cr(Vl) with the
variation of the content of —NH, ligand
to different pH values.

Table 6. Anion Exchange Capacity of Crosslinked
Chitin, Chitosan and their Amino Deri-
vatives

Ion Exchange Capacity
(mole/g-resin)
1.320 X 10°°
8195 x 10

Crosslinked Chitin
Crosslinked Chitosan

Crosslinked
Amino deoxy chitin

Crosslinked
Amino deoxy chitosan

5,600 X 107!

8413 X 107t

Cr (V)2 oleidt 4¥# 3t W& A 5S —NH,
# o] R =l #afshe] Fig. 180 o
EbW gl =ol, pH 6.252F pH 0. 78 o] shifi 4 RH K
b B A —NH A 2| &8k =&
WEHE o] 1k 7F A2l ¢lx, pH 1 959 pH 1.60
o] H ol A= -NH Z 2| & Mmoo
WERE o] st ¢lov), pH 3.552)pH 3.55
o] SSEEMEREIE Ol A= 1k olv|xFE el &8 o)
0.303<! C. Chitin-NH, &] 7 %ol BHZE & B
gE ] ®inE 2ol 9l=dl, ]2l ~NHCOCH;
5 fifzol mhodsle] MERE S W EAI7IE A
o8 Az}l
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Fig. 19. The adsorptivity of metal ions with the
variation of pH to the crosslinked chi-

tin chelating polymer.
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Fig. 20. The adsorptivity of metal ions with the
variation of pH to the crosslinked chi-

tosan chelating polymer.
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Fig. 21. The adsorptivity of metal ions with the
variation of pH to the crosslinked aminc

deoxy chitin chelating polymer.
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Fig. 22. The adsorptivity of metal ions with the
variation of pH to the crosslinked ami-

no deoxy chitosan chelating polymer.
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