Polymer(Korea) Vol. 19, No. 1, pp 27-34(1995)

Amidoxime”]7} =44
Microporous Chitosan Bead2] §43 2 &4

% 8 -2 5 ¥'-9 #F 4
et FRUs TRAT
(19943 104 20 H$)

Synthesis and Characterization of Amidoximated
Microporous Chitosan Bead

Hee Joo Park, Doo Whan Kang', and Ku Sul Yeom
Dept. of Polymer Science and Engineering, College of Engineering, Dankook University
(Received October 20, 1934)

8 9 :HA nEAQY chitosand THFAE ZHe beadZ A28} Z, 7NAIAQ] ceric ammonium
nitrate (CAN)E AH&3}ed polyacrylonitrile (PAN) & 2T E Aj7] thg TYUE A& 3=
Exojnlo g HFgAlA amidoximed} AlH FF& ooy fEhgel W FAFo| L4
amidoxime3} chitosan bead& A 231t Amidoxime”| & £ A7) $7HA|Q] chitosan bead-g
-PANE chitssan®] 7}ZE7} B &4 &, GFA AN $57t 284, XX CANS SE7t
$8+8 JBhTEge] 7let0) Th34) bead¥ 2 WA BUY B} A R 2BEE
822 2y AMz¥ amidoximed chitosan beadt= 250CS dEs LEE JEHIUTH
Microporous chitosan bead?] A2 1~54me] AH & zte vlMg poredt FE5& zts EYS
2 BE5Q o sufactante] ¥ wrtEwol et beade) 2718 2HE 5 AL B4
bead® & vI}EA ETFol B]5}e] swollen ratio’} 21, T 3% FIAFE HoldE ¢
ASdch

Abstract : Microporous bead type chitosan was prepared by the crosslinking of chitosan
with glutaraldehyde, and grafted polyacrylonitrile by the initiation of redox type initia-
tor, ceric ammonium nitrate (CAN). Cyano group of chitosan bead-g-PAN was
amidoximated by the reaction with hydroxylamine, which has an excellent adsorption ca-
pacity of heavy metal and UO; ion. Chitosan bead-g-PAN which is an intermediate of
amidoximated chitosan, had higher grafting percentage according to the lower degree of
crosslinking of chitosan, higher monomer and initiator, CAN concentration. But the
lower grafting percentage showed comparing the microporous bead type chitosan with
the non-porous powder type chitosan. Amidoximated chitosan degraded at 250°C, which
is sufficient temperature for using the chelate resin. The surface of the microporous
chitosan bead had the pore with 1~5 #m diameter, and the bead size could be controlled
by the amount of surfactant and agitation speed. Microporous bead type chitosan
showed superior adsorption capacity of metal ion and swollen ratio to non-porous pow-
der type chitosan.

Keywords : chitosan bead, amidoximated chitosan, microporous chitosan bead,
chelate resin.
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APH e FFE o) o|y sl SEES
3+ 4 de AVIAZHCIESX = polysty-
rene (PS)#'9} polyacrylonitrile(PAN)#| 2amid-
oxi-med LHO|E X9 F FFV} ol ¢HA
Ut o] EF 53] gol o] &5 Y= 2L PAN
Al amidoximed 0.2 o]= o}lgY o] EY S T
Hdyidoz ZhaAlzl s JEZY|E
amidoxime® 0 F HIBAAAZTE= H¥HAH 7tuA
T uet 324 FAFT7E 2RFEY taA =
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o7 EAEtY, FFEA ol g 2Ejdo] T
FAE 2 E A amidoxime groupo] 74 %o} FA
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HIZole A LY olE &R 952 chitin,
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golMgsl fEAQ chitosanfEA7} #H52 &
FAZ go) o) &1 Utk 53] chitin®] oAl
g3} f5A<Q chitosane f2 3|=FA7] 2
2} oln| 7| 2ol F&ol o] dial oS 53
FHREXL el Kurada $%2 chitosan?]
goligsl T e Hg?* & Cu?* o] FHE4d
sty wEstgoen Maruca 5% Crf*el &7
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UE d7AHE Hirona §'°2 U0yl 29 &%
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69)x]1¢] OH»] thXle]| SHul€}7] ¥ thiosemi-
carbazide B$}7]E = FEAE A4S 11
o7l thicamide”] & ZRiste] A& A o)
E $R| & o] gty FF& ol2Ee U FAE
A& v R H7) % skt

weta] 2 dellME HY LEAER] chitosan
€ T34 bead FHZ AMxt22A FHEHE =
gt A7 A7) FFE o] 2o} LEtF ol
o ts] 1 F&5o] Hold amidoxime?|E Y
3}e] amidoximed} microporous chitosan bead
& Azdl=u A9 ¥He-Z2HT} amidoximed}
chitosan beadel]l g &< o] 22 Fa5ol of
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A1k, Chitosang HF{LAAMIE AMZ-8I 1L
Poldg s pHAAY Yo 2 245 94% 9
£ 8915l t}. Acrylonitrile® 5% NaOH &
A, 5% Na,CO; 89, FHF ¢og AHsn
AaEFed A& JHAIAl ceric ammoni-
um nitrate (CAN) ¢} thioacetamide, ferric am-
monium sulfate, KMnO,, glutaraldehyde= #f
AR PSS, 1 %) Aloe AleH1 3, &
she FHse] AL

Microporous Chitosan Bead?] M. Micr-
oporous chitosan bead Koshugi®] sy 3g 3
Zslo] Alz3idct. ol SHH, wylr], BRI,
2oA7 AR 300mL 47 EgtA30
chitosan 4g& 2wt% acetic acid 200mLo] %<1
|l oerg 80g, EFQ 16g, sorbital
monooleate 1.6g ¥ glutaraldehydeE 4A3F 3
3 o2 35ColA 58 7 wylsle] FEg
chitosan SHA-E& A =3514c}. 38 3L Zefx3
o B34l 2.4L% sorbital monooleate YA FS
¥ o3 4719l chitosano|BHE H7tetgit.
o] golg 2500rpmoE 347t wEkAIZl ohS =}
2ko] gt /R Yo}l4(70/30vol%) SN E 7}
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gle] HEg-E& $AAZY. €07 beadE FFHTE
AFsly A FIIES WgE, odHE2 A3
e A2oA 48A17E, 50CelA nXFOR 24
A2t AZ3RTT.

Swollen Ratio &74. 7}u3}¥ chitosan&
swollen ratio® 2F3l9 7luEE vlusiyct.
ZyaAefe] 2+ 10, 20, 30mol% 2 7tudle
chitosan bead 0.5g-& 5wt% acetic acid 50mL
of Wi 25°CoA] 24X & & FA 5718 &3
31 &40 2 swollen ratiogS #3}53t}.

Swollen Ratio=

Weight of Swollen Resin—Weight of Resin
Weight of Resin

Chitosan Bead-g-Polyacrylonitrile 3%
Mo 4. BFEL), =4, AL Y7 B
2=l 500mL 37 Ze}tAFd| chitosan bead lg
7} 0.5wt% acetic acid 250mL& 7}3tar 40°C,
AL 71FslolA S8 & A1l £ 1IN nitric
acid 9mLel| 7RAJA|Q] ceric ammonium nitrate
%o Fenton’s reagent &= KMnO, - thioacet-
amideE YA =<1 2937 HAH acrylonitrile
QAL YT 40CAA 24170 @S AR
ure g & meko] acetone/water (70/30vol%)
faolo] WEES Hriste 4&e Al7]1aL NaOH
FgAoz FIAA AHE FAES AF3AT
e A ES DMFd| 383] 5o PAN @5 &
T & AAZ T o ME, FRTE 53] AHAHst
60°C, AF3lolA] 48417t HxB}e]  chitosan
bead-g-polyacrylonitrile S ¥t I}ZESL
Ao g It

Graft% =

Weight of Graft Copolymer—Weight of Chitosan ¥
Weight of Chitosan

100

Chitosan-g-PAN® Amidoxime3} Hg-.
NH,0H - HCl 3.128g2 wigt& 50mLoll &3]3t

Zelof A199 A1z 19953 1¥

fa3 3.6% NaOH8d 50mLE EFst 5%
hydroxylamine -£-& A Z3}a o] £H)| gkl
4] A 2% chitosan bead-g-polyacrylonitrile 1g
< 93 A4 7R3 75°CA 324 B9
HHgAIZT. WHE 8T olME, FRTE 3
AjFsta 1xFel, 60°ColA 48A17 Azsle
amidoxime3?} chitosan beadZ& A| &3}t

717184,

A9 £33 ¥4 : FTIRL ShimadzuAtd DR-
80118 AHg3ld EHslden, &4 A|8E Nujol
I &3 o2 KBr 23 & o] &3l 3%
t}.
#7139 : NMR2 solid state CP/MAS P°C-
NMREZ BrukerAtd] ARX-300& AMgsle &F
=

A2 FAA QFEH7) 0 AR FALFE L Me-
ttlerA}A] DSC 30& AM28159tt. A8 6~8mgd
4F0jE pandl] Y1 HA7|F3MeIA 30~400C
HYAM 10T/ ming] $2552 FHsP o,
F2AZE W E87F pans AHE3STh

Az} 321 @13 A5 FRE Yolrr] &3}
o AkashiAt#] Scanning Electron Microscope
Model DS-1303} HitachiAlA| S-510-8 Al3le]
T/EEAT.

W2 F¢ 4 Amidoxime3d} chitosan 0.1g&
100ppm &< &8N (pH 4) 40mLe) 713t 24
A7 g A7 oy st Ao FEFEE
A2 FF B2 SRS AA FF £47)
= Instrument LaboratoryA}#] AA/AE Spec-
trometer 551& AL&3le] oAl B} F7) 7) {3}
ol &35t

Az 9 33
Amidoxime3} Microporous Chitosan Bead
9] A=, Microporous chitosan bead¥ chitosan

2 SAEA] §3147 The Y WA, B4

A, AREAHAEE 7H8t, 84 7tuAZ glu-

29



HHF RS- G

Table 1. Swollen Ratio of the Kinds and Amount
of Crosslinking Agent

[Corsslinking Swollen Ratio
Agent]/
[Chitosan] Crosslinked Crosslinked
(mol %) Chitosan Power Chitosan Bead
10 6.902 20.886
20 4.054 20.704
30 2.694 11.600

taraldehyde4A A% & FH3ted 357CelA] 1500rpm
oz 587 wHlsly 13} GEHE 41 olF Al
HEPHAE Ra|A TP EFA FHristA
2500rpm o8 3A)ZF Feb wHke]Fo] 2;‘!} oy A
& AUt} A47|M AL beadE FFHT, WEE,
de 2 ¢oz AHs IR ?rﬂ%% 31°HJ— &
& Aol A 48A17F, R1F3F 50°CAlA 24413
Azsl) 34 7tal chitosan bead & A %31
ony 7luAe] FFHot AHEFo] wE BE¥IE F
Atz 1 ZAHE Table 1o YERJACE. Table
1641 veb2Ade] BEU3 L2 epichlorohydrin® £,
bead® & glutaraldehyde2 7laAlZ o™ 7FxA|
9] o] F7ist ZtuErl ARFE 2L¥H
4 bead 2F H&]7l Aol =0l 10% 7tz
£ Hrlste A% o] B4 bead?t HITA &
g o] oF 3uj, 20%Y A oF 59, 30% BF
oF 4.3viE ThFA bead7} WT3] T W&yl
2 JeEhth ol= bead?d #2271 ZHFo| Y
& microporous typecl”] uj&ell ttFAo] free
volume g o] F7] W& ALE Atgdnh
Chitosan beaddi acrylonitriled ZTFZEA]F]
3 =3 o]2 amidoxime3}AlH AL amidoxime
3l chitosan beadel| tigt FTIRe] EXZAE
Fig. 1¢], 221 solid state 3C-NMR &2}
£ Fig. 2% 39 22 Yehlidth. Fig. 19 (B)
ol BE IZE ukE ARl F ALY &4
&4 M=} 2200cmet 2EtZEE oY 5
9 9x 849 54 F5+ It 1450cm™ ol 4
el 9137, (C)ellA BH amidoximeEY ¥ Al
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Fig. 1. spectra of microporous chitosan bead
crosslinked with glutaraldehyde(A), chitosan bead-
g PAN(B), and amidoximated chitosan bead(C).
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Fig. 2. 13¢ NMR spectrum of chitosan bead-g-
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Fig. 3. BBc NMR spectrum of amidoximated
chitosan bead.

ol7)2] EAn a7 24438 glolxln amidoxime?]
o Bta A4 0)FAY B4 737} 1680, 880cm™
ol YElY Qe RS E Ho} chitosan beadoll
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Table 2. Graft Copolymerization of Acrylonitrile
onto Chitosan Bead with Various Initiator

Initiator Graft % (max)
Ceric ammonium 740
Ferric ammonium sulfate 269
Potassium permanganate- a4

Thiocacetamide

Table 3. Metal Adsorption Percentage of Ami-
doximated Chitosan

Metal
eIoan Ag?t Cu?t Fe®* Mg2tCa?t Cd%+

Resin
Bead Type {99.95 99.81 99.11 74.23 30.79 6.33
Powder Type|99.74 80.54 90.08 73.07 29.98 13.44

amidoxime”|7} EUEA L 1T 4 AAUT}H ®
3}, Fig. 29) PANo] Z8}ZEH chitosan bead
o] EAIag 29 =E AlIY &4art 121,
8ppmoilA] UERgED], o= PAN O53F@AR
ot 4ppmAE A shift® Rolth. =31 AJgk7] e
A219] &FAEAo] 29.4ppmoiA] A, 2
a1 2] B47F 25ppmoi| A FEtAl ERY 1o
™, Fig. 39] amidoximed} WHg %9] AAE H
¥ amidoxime7]8] &4 E4o] 158ppmoil4] LtE}
U a 9% €47l 35.7ppm o 2 shiftEoe] Yet
Y 9= Aoex 3ol amidoximed}r} & o] Foizl
Ao 2 Atgdot.

2 ES. RedoxAd 7§A1AQ1 CAN, Fenton's
reagent, KMnO, & 4143l FUJ NAA|, TF
A FE3lelA] 1THZE SHGAIA AL ITRLES
o i3t Au}E Table 20 JeRlATE. JZE
£& CAN, Fenton’s reagent, KMnO, £2=2
Z7tEle Aoz yehgsdl, ol Fanta $'%]
starcho] ANES 22} E AlF)=d] QoA ceric
o] o] ferrico]l 2HtH ¢ttt Bt frARY
th. o714 7 298 CANE o] &3je] gtz
E 9373 w2 S gotEgiat

Chitosan bead®] ©@Ae] FxH3o| & 1
ZrEge] Walg Fig. 49 Yl 284
B gAY st $7He] mEt 1T E o]

2 4198 A1z 19953 1€
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{AN])/[Chitosan]
Fig. 4. Grafting percentage according to the molar
ratio of acrylonitrile to chitosan, [ AN]/[Chitosan].
Chitosan bead 1g, CAN=1.24mmol.
(O) :10% Crosslinked chitosan with glutaralde-
hyde, (A) :20% Crosslinked chitosan with glutar-
aldehyde, () : 30% Crosslinked chitosan with glu-
taraldehyde.

400
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I
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] &
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Fig. 5. Grafting percentage according to the molar
ratio of ceric ammonium nitrate to chitosan, [CAN]
/[ Chitosan]. Chitosan bead 1g, AN=0.124mol.

(O) :10% Crosslinked chitosan with glutaralde-
hyde, (&) :20% Crosslinked chitosan with glutar-
aldehyde, (1) : 30% Crosslinked chitosan with glu-
taraldehyde.

Z7}5h 2 astZEgo] 100~200% W E Hj
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Fig. 6. DSC thermographs of microporous chitosan
bead crosslinked with glutaraldehyde(A), chitosan
l()ga)d—g—PAN(B), and amidoximated chitosan bead
T34 powder?] 200~800% %ol vl WA viel
g}, o] bead®] 2L E HFGo] bead?] Hu
oA dojubs AFE 2] ez Algdd. o
A3 dFA A THAA FEE HIAIT|HA]
a2 Ego] HIlEs AHE AAE Fig. 59 o
Eligitt. Fig. 504 E@ 7ln=7F $7Hgel w
2t 2Bt Ego] AdlEe FF¥S Holx JHAA
FE 7t @A asBtZEgo] FHEE FEE
SRS

Chitosan Bead9] 9354]. Chitosan bead$}
PANo] a8}ZEF chitosan bead-g-PAN %

amidoxime3} chitosano] T3 GYEA HE
Fig. 6o UYepiick. 8”4 2w (A)9
chitosan bead= 117 CHIZNA £§E Hol1n

287°ColA B3z A% YEI IV e
(B)<] chitosan bead-g-PAN2] 79+ chitosan
9] 117.4CRTh ozt ¥ 107.2C9) £§259
vk HT} L2 303.6°Co Bl E zka 224,
8 A Algt7]9] E37F Lottt (C) 2] amido-
ximed FAE AR o 10CHE ¥
|ELEE e, 248.9ColA EalEA &€
o 23 A olE X2 AL 100°Ce]s}el A
o]Zojxe %] YutAolnz RHESE7} 200
coldez veha gl FES B8NS Tt
A2 e Aoz Alsdch

Microporous Chitosan Bead®] ¥d. A=

32
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(B)

Fig. 7. Scanning electron micrograph of micropor-
ous chitosan bead; (A) Surfactant/Toluene 60/2400
and (B) Surfactant/Toluene 24/2400.

H beado] FHTZE HAEWHLoE FHEIsL
a2 AHRE Fig. 70 Yepliith. 28004 (A)e
2z} AHA A FA] B2 2400parte] surfac-
tant 60partE& ARE5l] A 23 bead] 2YT ¢
2] 2718 woluy] Sls) 51200 Trhe Abdol
i, (B)= surfactant 24partE AME3E FE=2
5008 Ehgk Apzleltt. (A)9] 734 beadd] A
2 10pumz ¢ F31 Ul shte] pore?t ¥
AEdn, (B)o A% 120 ume] Ao FHLS
Z3g31 1~10p4me] pore7t HAU:= FHE &
Z & 4 Urt. Bead®] 37)& surfactant?] o]

g 7% BW AVEE XS 52 ALS @

o A= s B =
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©)

Fig. 8. Scanning electron micrograph of microp-
orous chitosan bead crosslinked with glutaraldethde
(A), chitosan bead-g-PAN(B), and amidoximated
chitosan bead(C).

T Utk w3 Fig.8& IfZE FEEA9
amidoxime3} chitosan®] FTH-E 2000vf s}
of WS Ao (A)x= 10%7 L chitosano] 1,
(B)e ZHZE FFFAZ A F82 RHo)
aOx 224Yz deF27 ¥z, (C)9 amido-

E2|H #1979 A1E 19953 14

ximed} ¥ Follx ghgHY chitosanAE zHE
3} pore sizeZ7} 1~5pmQl poreE CT}A] Ho)
At olHF FATR HIE TS ) G 4
AL, HEZ2HA amidoximgi} chitosan bead¢j
= O3 FRE 2SS AT F AU

Adole £x F4ER 54. Amidoxime7]
7} ©Y ¥ chitosan bead?] & FJEAL =
¥ ZAE Table 3o el B34L 2=
bead® 3} vlt}FAel B2  amidoximed}
Ag, Cu, Feol&Ed] 43 A9
BY1, Mg, Ca, Cdo]&dl= of7k 7 Faio)
HojHth, Bead¥d L 2L EY $& FHLL
Ehfigler §3] Cu o] oF 20%, Fe o]22
°f 10%7} ©l ®ol &F&AHY o= micropo-
rous bead®] 727} EHAE HWdle AWE 714
27 R o2 waE

TR (]

chitosan&

72 &

Chitosang thZAE 2= beadz #|=23 %

ceric ammonium nitrateE &w|2 & acrylo-
JTE A7\

2 ¥2A)A amidoxime?) 23} chitosang )%
=t SloiA e ZELS o3y 2o

1. 34& 2= 7kl chitosan beade] Hwoj
= 1~10pum$) poreZ} EA MZ7AT 7tas7}t
FolE TF bead?] EHo| W& FEo) HYHo
™, F&EB|7} vick3 Y Bt 3~5u 2 7t

2. Chitosanel] polyacrylonitrileS Z2}ZE 4]
7)=8l SloiA redoxA] 7HA)A QY CAN, Fenton's
reagent, KMnO, 5 CANE& A123% #A$ a8tz e
&o) 71 3tk

3. Chitosanol ANS 18}z E A)1Zw chitosan
o] 7taxert RE4E oA AN9) Fx7} 37
5=, /AA CANY T2} 371842 ag=
Ego] F7H8.

4. Amidoxime=¢] ¥ Es|2%& chitosan®

2=
o oF 40C AL RolA 250°CE vehy=n), o

nitrile & 7] hydroxylamine
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9 2% F&50| uig Hojdd o3 X171 vl
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