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Abstract

Under accelerated industrial development, environment pollution comes out to be very ser-
ious. Especially the ions of heavy metal from wastewater, even if they are minimal, accumu-
lated in ecology circle and do finally injury to human health. The general process for remov-
al of heavy metals include coagulation and following sedimentation, ion-exchange and
active carbon adsorption and sedimentation that applicated in popular, needs the expense of
coagulant the additional treatment of sludge on the general process of coagulation and sedi-
mentation. It is also a serious problem that the second pollution caused by coagulant. Howev-
er chelating adsorption that uses natural chelating high- molecular compound has not pollu-
tion problem. Among chelating high- molecules, the diminishing chitin that contained in crus-
taceans as crawfish and crab in our country with affluent water resources are easy to get.
So it is advantageous to use this ubiquitous material for removing heavy metals because we
could reuse natural resource.

In this research, the author tested the effectiveness of the adsorption and removal of
heavy metal ions by chitin and its derivatives. Chitin and cellulose became beads and used as

flocculant, in this test. The results are as follows : First, bead showed higher removal ratio
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than powder in the comparative test on adsorbents such as chitin, chitosan and cellulose.

Secondly, in the variety test by the kinds of adsorbent and time. chitosan bead and cellulose
bead that showed the highest removal ratio. One hour need to remove the ions of heavy

metal. Thirdly, the results of the adsorption degree test by pH revealed high removal ratio

adsorption of chitin, cellulose and chitosan bead in alkalin condition but chitosan bead in

acidic condition.
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(1) Chitin3} e celluloses] 2]
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DMACc/LiCl&-vi Aol £-3A)7]17] Aol Fig. 1,
29} Ze wiyeo g HAMeE st

Chitin( raw material)
Treatment with 99% lacetic acid for 30 min.
Filtering Witi‘l filter paper
Washing and neutralization with methanol
Treatment with 211\1— HCI for 4 hours
Neuralization \lvith 2N~ NaOH
Washing withidistilled water
Treatment with lNI— NaOH for 3 hours
Neutralizatiori with 1N~ HCI
|
Washing with‘distilled water
Dr;ing

Fig. 1. Pretreatment of chitin.

a- cellulose
Treatment with distlilled water for 1 day
Filtering wilth methanol
Filteiring
Dilution wl'ith DMAc
Dr)l'ing

Fig. 2. Pretreatment of - cellulose.

(2) Chitosan®] A=
Sigma Co. #|%&9 chiting Fig. 3.3} 7o)
ol e} A7) e84 chitosangd Al x&hc}.

Chitin
|

Treatment with 50% NaOH(3~4 hours)
|
Filtering

'

Washing with distilled water
i
Drying at 60°C

Fig. 3. Chitosan production by NaOH treatment
from chitin.
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0
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[
I, | B
° - | —————  methanol
° o . °o 0 © %40, chitin or cellulose bead
0 )% | magnetic bar
] |
_9_ ~-Q- |- stirrer
1

Fig. 4. Apparatus for formation of cellulose and
chitin beads.
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gtgdrt. v FEd o FellM 2o] 2 -, heating condition§ Zdste] HA3}
A& 5= Mercury Analyzer{ Model : NIC o}
Table 1. Analytical conditions of atomic absorption spectrometry for some heavy metals.
Bl ¢ Slit width  Lamp current C.H. Gas Air E Wave length
emen ner
(nm) (ma) (¢/min)  (¢/min) i (nm)
Cd 0.7 1-8 2.0 7.0 42 228.8
Fe 0.2 30 25 7.0 59 248.7
Cr 02 25-30 4.0 7.5 58 3579
Pb 0.2 10-12 2.0 8.0 58 217.0
Mn 0.2 20-30 2.0 7.0 65 2795
Cu 07 15-25 2.0 7.0 72 3248
Zn 0.7 15-20 2.0 8.0 60 2139

m. 2z 9 53

F350|
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Fig. 5. The adsorptivity of Cu ion by chitin bead
and powder, cellulose bead and powder,
chitosan bead and power.

Initial concentration of ions: 2mg/¢
Solution volume : 100m¢

Powder weight : 2g

Bead volume : 10m¢(0.25g dry weight)

cellulose beade F2HA17F 3417 ]2 G4
3 Z7HE Heoloirt FAXZE 6417 A xellA
92% 9] Hg o] &34l A& o] vebstr}. =3t
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=
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z
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bead powder
Fig. 6. The adsorptivity of Pb ion by chitin bead

and powder, cellulose bead and powder,
chitosan bead and power.

Initial concentration of ions: 2mg/¢
Solution volume : 100m¢

Powder weight : 2g

Bead volume : 10mé(0.25g dry weight)

A2 vehitkFig 7). mebd Hg ol &
aol] 2os)E A7 6412 FEW FRalc)

I 9 AH .

(2) Cu o]l gt &2 A 5 &
Chitosan bead7} §32F 217k 1 A17F 3 ol A
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—@— 15% chitin

—x— 1% chitin- 0.5%
cellulose

—— 0.75% chitin 4
0.75% celluluse

—6— 1.5% cellulose

Removal of heavy metal{ % )

0 1 3 6 10
Time( hrs)

Fig. 7. The adsorptivity of Hg ion by various comr
positions of chitulose beads.
Initial concentration of ions : 2mg/¢
Solution volume : 100mé
Bead volume : 10m¢(0.25g dry weight)

89% 2] Cu o] &AM AEe] elton 1.
5% cellulose bead®} 0.75% chitin®} 0.75%
cellulose”} &3H%l chitulose bead7} A} &
2 A1} 1217 Aol 77% A= Cu o]
< FAAIAEe] Yebdel. =Y 1.5% chitin
bead”} F2HAIZE 1217 AxolA e F3H4)
of wls) & FERAAEA 30%E deblct
(Fig. 8).

(3) Pb o]l i3t ¥3 AlA &

15% cellulose bead7} &2 A|zF 14X|%H
AEA 97% 2] 714 £& Pb o] FXA
Ago] vJebten chitosan beads} 1% cel-
lulose¢} 0.5% chitine] &€
bead7} F3 A7 1217 AxelA 90% M=
9] Pb o] FRAAAEE el a8x
1.5% chitin beadt® 67% 2% thE F2HA
W e Pb ol FEAAAEE bl
(Fig. 9).

chitulose

(4) Mn o]l g F2 AAH x&
Mn o]&el tig FHA AL o FE5F

100 ¢

o~ I

90

80 o

—@-— 15% chitin

—— 1% chitin -
80 | 0.5% cellulose
—&r— 0.75% chitin+
0.5% cellulose
—— 1% cellulose~
0.5% chitin
—=— 1.5% cellulose

a0

40

Removal of heavy metall % )

RUNS —— 15% chitosan

20 b

10

0 1 3 6 ity 21
Time( hrs)
Fig. 8. The adsorptivity of Cu ion by various com-
positions of chitulose beads.
Initial concentration of ions: 2mg/#
Solution volume : 100mé¢
Bead volume : 10mé(0.25g dry weight )

100

90

80

a0 —t=— 1.5% cellulose

~ wl —@— 15% chitin

®

7'5? —>— 1% chitin+0.5%
g 60 | cellulose

> —E— 0.75% chitin +0.75%
é 50 b cellulose

= —@— 1% cellulose+ 0.5%
S chitin

s

£

5]

¢4

30 | ~{ —— 15% chitosan

v 1 3 6 TR
Time( hrs)
Fig. 9. The adsorptivity of Pb ion by various com-
positions of chitulose beads.
Initial concentration fo ions: 2mg/¢
Solution volume : 100m¢
Bead volume : 10m#(0.25¢ dry weight)
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o] 2o ¥t FAAAE B} @A vepdct
Chitosan beade #32 AIREF 12]7F AHEellA]
66% 2 cF2 F3Alol vd ¥ FERAAE
£ velyer 1% chiting 0.5% cellulose
7} 39 chitulose beade} 15% cellulose
bead7} &3 A2 1217 AXelA 37% AHE
o] FEAIASE Heb A Fig. 10). o|9hzhe
A#Z Eu Mn ol&o] & FF&olEel
H)a] o] &3lsl= 7Asko] AtobA] F Al 9
& F3HA| Ao RA vehdoha A AF)

80

—@— 1.5% chitin

—»— 1% chitin+
0.5% cellulose

—5— 0.75% chitin+
05% cellulose

—&— 1% cellulose+
0.5% chitin

—&— 1.5% cellulose

Removal of heavy metall % )
S

—8— 15% chitosan

ok 1 s

o 1 3 6 10 24
Time( hrs)

Fig. 10. The adsorptivity of Mn ion by various com-
positions of chitulose beads.
Initial concentration of ions: 5mg/¢
Solution volume : 100mé
Bead volume : 10mé(0.25g dry weight)

(5) Zn o]l g ¥} AlAH £ &

1.5% cellulose bead$} chitosan bead”} ¥
2 AIZF 1217 oA 74 87%, 0% =
o e FEAle vs =& FAAALEE e
Wemr chitulose bead$} chitin beade 49%
Hxe) FFEold FAAAEE vhebdc
(Fig. 11). '

100
[

90

—@— 1.5% chitin

L —s— 1% chitin +
0.5% cellulose

| —&— 0.75% chitin 1
0.5% cellulose

—— 1% cellulose +
0.5% chitin

L —5— 1.5% cellulose

-4 15% chitosan

Removal of heavy metal( % )

o s L I P |

0 1 3 6 10 24
Time(hrs)

Fig. 11. The adsorptivity of Zn ion by various com-
positions of chitulose beads.
Initial concentration of ions : 2mg/¢
Solution volume : 100m¢
Bead volume : 10mf(0.25g dry weight)

olxfe] AIE F{std Ew Hg o]l
W3 FERAIAE AYAA FAE 647
Axr}t Adsty Cu, Pb, Mn, Zn o] o
T FAA AL Aol F3 A7 127
HrolA Fato] BF o]F oA AL &+
At =3 FF4E5 o]ultt FAHA Y F3}
HAge] A depgor, 2 FelXE
chitosan bead¢} 1.5% cellulose beadel] <J3§}F
Fo5 ol FRAAL] 71 =4 et
o}, Fo&oluict FaA AL | thEA e}
v AL FE5eld3 F3A $7719 ol
< A ol 3 Ao £ 5 gleH
bead®] F-F-oll webd 2 FHol 4F2] o
T4 TE ¥ele Aozt dojv} 2 FAE9
wsiyl Jepdeln B 5 ook =3 F3H4)
olc}e] porous Hefe] jeje] 24§ Feoletn
AtE =) =23 F3 A7ke] o Hx JdA3}
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A dephe e FRA Elel FEEcle
& sfehge] ohyme F%
X

AjZke] dAsota & 4 e

3. pHo| Bislol ME FSSH0|2 SHT
(1) Cu o)l Hg &2 AA 58

1.5% chitin bead®} Cu o] iyt =&
2 FatA| gl pH 7 AxelA Hxl Z7}
3+ Rolurhr} pH 94 76% 24 71 =&

FAAAeE ebdE, 1% chitin®t 05%
cellulose”} &35 chitulose beadell 9% ¥
22 A& pH 714 pH 9 Hx 2| 2ketzte
X Badld 88% M E& FAAAEE I
elWl3, 0.75% chitind 0.75% cellulose &
&} bead<) chitulose beadell &3k F-2HA A&
A% pH 9 ojate] ebze]glola 82% 2]
FAAAES i, 1% celluloses}t 0.5
% chitin €% bead?) chitulose beadell 2J§t
FRAALNNE pH TolH Hzap Frtsbed
pH 9 Hxeld 5%2H & FAAES
veldich 28l 1.5% cellulose beadell ¢
g Cu o)l Ug FF51E FHA AL
A& pH 7oA pH 9 Ax2] ofatita]g-oe
A 98% 2 ¥ FAAAELS eh =
%, chitosan beadel 2k Cuol&el & &
A Al AE pH 344 Azl 715t pH
S5ell A 92% &M 7HE ¥ Fa5eld F3H4)
A48 viehlied pH 5 o]AtellA AR F3
A AEE vrebAcH(Fig. 12).

(2) Pb o]l hatk &2 A &4

1.5% chitin bead®] Pbol&dl gt Fa5<4
FHA AN pH 7 AxelA 7H -2 13
% 2 Velow i FaA e viug A5

100

R

Ll

—@— 15% chitin
§ 70
3 —s— 1% chitin
PR 05% cellulose
F —&— 0.75% chitin+
E’. 50 05% cellulose
Z —&— 1% cellulose ~
k] 0.5% chitin
R —3— 15% cellulose
E’ 30 —B— 15% chitosan

20

10

0

O o1v 2 3 4 5 6 T 8 9
pH

Fig. 12. The adsorptivity of Cu ion on variation of
pH condition with various compositions of
chitulose beads.

Initial concentration of ions: 2mg/¢
Solution volume : 100m¢
Bead volume : 10m#(0.25g dry weight)

¢ FAAAES ek =8, 1% chi-
tin® 05% cellulose?} &%= chitulose
beadell ©J3t F2HA 44 pH 5ol4 Aa &
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Fig. 13. The adsorptivity of Pb ion on variation of
pH condition with various compositions of
chitulose beads.

Initial concentration of ions : 2mg/¢
Solution volume : 100m¢
Bead volume : 10m¢(0.25g dry weight)
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