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2 o AENE FAAA 1A AEH HedAE AGEL getddetd chiting Az ¥, Dol Esleto chitosan (Cs)& A28t o] chitosandl
acrylic acid, maleic acid, fumalic acidg 2ZZEFFHAA CsAa, CsMa%h CsFaZ F4tdch AxZE Cs, CsAa, CsMash CsFaol 72 &l
FT-IR, AA&EA, X-Ray3JBEA7IZ s ed, $JAEM 75 S AESY] st AXER 0542 ugoz A Bqjes HaA 2
43 53=, COD, SS9 AALl F9% Oppmis AL ko, chitosan B} TBZEFFAS ALLAS W) AAg] Y53 AM=HY pH
Aol metxs FHE, COD, SS9 AAEe] pH 54M 714 ¢48 23S Yehch Chitosan 20 21FZTEFZEAQ CsAa, CsFast CsMat
158 58 AALE Jehl A AL chitosand) 7FZBA7)E 7HR BEA7F FEPHOZA GBS uy] fRow o2}

Abstract © By grafting acrylic acid, fumalic acid and maleic acid onto chitosan, graft copolymers, CsAa, CsFa and CsMa, respectively were prepared
for potential uses as flocculants in waste water treatment. When 40 ppm of each grafted chitosan sample was added into the waste water, CsMa showed
the best removal rate of COD and suspended solids(SS), followed by CsFa and CsAa and chitosan. The transmittance and removal rate of COD and
SS were the hightest at pH 5. All grafted chitosan exhibited better performance than chitosan itself, resulting from the amphiphilic property of grafted
chitosan copolymer with carboxy groups.

1. M 2 29 715 2HIG AeHEd $PA2 wigAd zhe 3
A, A5 el 2L $IAA AAzol 7] WE 584
2l A 2, YA, B3 G EAZ AAuERY F8 olojo} gt wetA TR AN A WS4 AL
Aol thi] 2253 gt} 1 ZAAE AIAT FRAA 13 7} d dAde] A glelor 3tk EA, YA Fasiojof 5}
3 ¥ oA 449 84298 AT A2 2 BaF B2 4 Ul B2 FAY7IE HACE ¥k AA, £39 A
£ A este] d& + U+ chitin® AE20 2~ thgoa o} A2 SHEAAE FoldY $RA} Bl FuEEr} Aok
AR Ut 353 Yo, 21 Chitin & el #7] SRR FAH Sdol&el go] Maso) glojop AR Wz
g0, Ao A YAREAZAH A BB u= JZg s AAYgol Fokdch A, HFEAGe] I8 Hektel o
Adez F4%483n Utk ol chiting 2olAEs29 chitosan, @ HEgol AZNEE JFAAE 27 Aok A, A5 ALS
poly[ 8-(1—4)-2-amino-2-deoxy-D-glucose}= AR FAH & F 3o dgsEol Yt YASS BE A glon o5
2o g ARsAo Hojutn 1 A Mare, ZdawE TY FHYAEL MZ whaste] dAF g fAGER A
Aatg 2 F4 AAFILE 59 22FEe UEh)y] e o Az A A71HA FAGNE Hoste] ARS Amed AR
BAZAR), AL nRAA4], AFEHRG] So JzLgrDA 7171 s 2 Hel stRrt B8 2 32 $HA7) 8
drdn Qon] NERHE 7], /154 =B 5A 2 mAgRo) (17, 18]. ¥ d7dME ARAE etA2ete chiting Az2g o
13 A Fo2 2olE biotechnologyEoH8~10], A+l & 2ol & olAE ol e chitosand A Z3t9], chitosan®] 7}A| 3
A AEE 3395 Aeg $JANI~1212 AL, 84eds s Folddel goles 7Rl d3AE aRTEZFRAA J
o122 BHE fdstA g T FEF ddneA $A el Holun Basol $58e $5dM 2y As
o] /o] A3 273 9o} chitosandl] MEL 7)5 S Bejs) o) Fot B=Tt B $BA QLA $IAE AZ([Scheme 1]
7l S8 dehAe BRAE TRTEZFFAIE 1R 374 3to] QAN BAHE AAAST HEste £3E, COD,
o] Fjuro] guro] Aads 1 QTHI3~16] . SS AAEE At AAnEA SFARMY & ssAS
2EA SHAE 89 AeolA o] 24 8 1 750 @ ez} doh.
5& pH o7 22 Fol &4 SAAE AL ddA, Sol &

FRAT G ENAN F24 SHAE A pH 999N ¢

451



452 A4
CHOH HyOH
o o
OH . ‘Rz
NH; NH—-(IZH——?NV‘NV"\'
Ry Ry
Chitosan
R4 R, R,
H H COOH Chitosan - g - AA
COOH COOH H Chitosan - g - FA
COOH H COoOH Chitosan - g - MA
Scheme 1. Preparation route to grafted chitosan derivatives.
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Fig. 1. Preparation of chitosan-g-monomer.

ol 2 W7x] Hzste] AzaAHFig. 1) o139 Wwyer H

g 23 3RZA0E AAT F AEAz7]6A 60T = #
A SRAL AxE Aol AHSF chitosan®] IHZEZF
1

e

FA12) chitosan-g-acrylic acid, chitosan-g-fumalic acid, chitosan-
-maleic acid® Z7} CsAa, CsFa @ CsMagt ¥, ol 12
E FFHAY 2 ZESE g (DR AR TH2, 211

6l 99 oot R ol X

weight of poly (monomer) grafted X100
weight of chitosan charged

Grafting (%)= (1

2.4. X9 M=

AZREE dAe st Az Csoll gEAS 2Rz FTFET
F%EA CsAa, CsFa, CsMaZ 02% ZAHEA(v/v)ol 4,000 ppm
o] HEE £d3td AXNFFAA BAHE AFHYE SHUAR
AHgEtih



Chitosan7l T2 $3A Add B3 A+ 453

(a)

(b)

(c)

(d)

YT T T T T 7T 7T 71
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers(cm™)

Fig. 2. FT-IR spectra of (a) chitosan, (b} chitosan-g-acrylic
acid, (c) chitosan-g-fumalic acid and (d) chitosan-g-
maleic acid.
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Fig. 3. Scanning electron micrograph of (a) Cs, (b) CsAa, (c)
CsFa and (d) CsMa.
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Fig. 4. X-ray diffraction patterns of (a) Cs, (b) CsAa, (c) CsFa

and (d) CsMa.
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Fig. 5. Rate of transmittance of paper mill waste water with
various flocculant concentration at pH 5.
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Fig. 6. Removal rate of COD of paper mill waste water with
various flocculant concentration at pH 5.
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Fig. 7. Removal rate of SS of paper mill waste water with

various flocculant concentration at pH 5.
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Fig. 8. Rate of transmittance of paper mill waste water with
various pH at flocculant concentration of 40 ppm.

A7) B3mst Zagth a8y S8 CsAa, CsFa, CsMa
G o] Holk Csitte A3 HA gase A8 2
ok ol Csoll &012Q Ft2EA7|7 850l o] FzA
I g7] E Aoz Algd

#4e COD AAEE Fig. 99 Uehhidt) drldxz £38
7 2e d32 Cs $4AE pH 594 COD AALel 713 £4
Yehithrl daedoz 24E Zadsd, ok onjwrly F
Agol Wold ¥t ofel V)Y F2E dln o HEE 4%
(18]0] 23, zeta AY F) 45202 AXHAS LU AAA
o] ¥olz7] MEoz Azdn) whH CsAa, CsFa% CsMats pH
A 499 A v=d £F9 AALL Yl olE Cs9
Fol e aNLEFFTHAY F2EA7|Y Lol oz A

B ¥ rr

A
0

L
=

A e @F 4T

455

100

80t

60

40

removal rate of CODcr(%)

—e—- Cs

—O—~ CsFa
~¥- CsMa
—o— CsAa

20

3 5 7 9 "
pH

Fig. 9 Removal rate of COD of paper mill waste water .with
various pH at flocculant concentration of 40 ppm.
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Fig. 10. Removal rate of SS of paper mill waste water with
various pH at flocculant concentration of 40 ppm.
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