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Removal of Pb* ion from aqueous solution using
crab shell treated by acid and alkali
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In order to examine the pre-treatment effect of crab shell on Pb”>* removal by crab shell in aqueous solution,
acid and alkali pre-treated crab shell were used. Electron microscopy techniques such as TEM (transmission
electron microscopy) and SEM (scanning e¢lectron microscopy), and EDX (energy dispersive X-ray) and FTIR
(Fourier transform infrared) spectrometry techniques were used to investigate the process of Pb™ removal by
acid and alkali pre-treated crab shell. The Pb*" removal by acid pre-treated crab shell was much lower than
that by untreated crab shell because of the decrease of CaCOs from the crab shell. However, the Pb** removal
by alkali pre-treated crab shell increased compared to that by untreated crab shell. The results were confirmed

by TEM, SEM, EDX and FTIR
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FEE = EA(Chinonecetes opilio)s A 7+ELA
oA 7AEgsE AAdN dA=EHE FAZ2A, 7}
FAHE B4 Fol #2 A A2 FENSE B
g Hlog A AzxAR F 20~40 mesh (420~
341 i8] YA Z7I= B8t 2R o] &35
ot BET ®¥d <3 4% A A2 vEddsn
BT FF A4 242 1335mYgH 36858 Ao,
oAl 2L AZFAE 7IFeE ©eE (2919
9%), (4060 %), AA(1.35%), 71¥(2665%), 71E
221 %)0)AttY Agol Arg® PP gde Ph
(NO3)z & =gyl £8AA AL&stgt,

A AAe 2 Ag= 20% (v/v) HCl 100 miel
1g9 A H42E& 7Y F A5 wW¥7](150 mpm,
20°C)ol A 217 Bt ARAF G 971AEE 20%
(w/v) KOH 100mlE o]&ste] 3 A HA3
TeoR Ak 4 wE 91HNZ ¢ A
e A% W-971% AR Aol 2es
3% ol A4 sigin.

2.2, Ay

300ml 47 Fekx=e] 05mM PbY 49 250 ml
g YL 205y A AL FYdhe HAE 0l
A= 4983 T e 8fd71(150mpm, 30 T) &9
A Pb¥ AA 249L stgoh

Aguekr] el £55 0 T2 stz 150
rpmol A IGA7|HA dAANZL HFez 18ml
A ANRE A 102 B AAEH(7,200Xg)
AR F, AFY Imle $HARE Asdn A=
F9 P $EE dAEFFELREY (atomic absorp-
tion spectrophotometry)& o]-&8te) £243}¢c}
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2.3. TEM(transmission electron microscopy) ¥4

A B g4r1Ade ve A A4y Wis g%
87] 18l TEM(Hitachi H-600)0& A&t
A4 EE dVARE A AAE 2EF FFFE S
3 A A3 &, 25% glutaraldehyde® A&
AA 2A1Zk) AX HAzAA7M, 1.0% osmium
tetroxide® 24 N7+ FRAANZ S, o] o A}E3 2
E Aok FHAL 01M slgtESA(pH 7002
dom F9% gF8dez AHEHAY. A A
A& d£x o7 60, 70, 80, 90 L 100 %9 ethanol
o2 ©§4A7| 2 propylene oxide® -ZA L XA
71 & FEpon 81291 Evl(embedding)dted 60 C
Az7)e| 24A7F F¥A7) 3, utramicrotome(Ultra-
cut, Reicher-Jung)& ©|&3ksd 035me] 2712 &
g, 2388 200mesh VA E= T8 FJA
(grid)ell LAAIA T5kVolA FHasisic
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2.4, SEM(scanning electron microscopy) &4
A B 9% wHe] AsE BA%7) 93

SEM(Hitachi S-2500C)& Ab&3stEoh. SEMe] #
Z-2 ethanolz ©dte FAFARAE TEM B
A NEALSEY Fdity, AsE 48 4
ZAZ F Wgor IYste AP oo SEM
B2t FA)o) EDX(energy dispersive X-ray spec-
trometer, VG Microtech.) ¥4 < #H3a5c)

25. FTIR(Fourier transform infrared spectro-
scopy) &4

A EE 7] AE A A"E J9gH AR %
¢ KBrat @7 gRpApZel N 27 o ok
mgA ANBE A9t 4866 x 10" Pa)g 716}
o A%g 9E o}t¢ FTIR(Mattson Polaris)® €
EET Y
3. Az 9 2%

31 A-<7) A= A gAel o Pu’Y Zﬂﬂ

A B 47148 E 8 A 2AE AT B
A-g7] A7t Po¥ AlA wAE due dopr
71 $18te, 7] Pb* ¥EZ 05mMoR AR
F2 & Ao A-d7] HEYE A G A 4
A 9 2% HCl &7 247k HEd A #ax
2% KOH €902 2/ Hag A gd& 44
025g o]&% Pb* AADAGHA, Azte] B &
9 i ZE PH BEE UAZ 5 BEHATD
(Fig. 1).
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. 1. Typical time courses of Pb* removal by
untreated(@®), acid-treated(Q) and alkali-
treated(l) crab shell, Initial concentration of
Pb* and crab shell were 0.5 mmol/l and 1.0
g/l, respectively.
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AYE A AL o]E% Hde 147 o
of thRE9 Pt AAHA LA AEFE
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ol 28 HAA Eeld == EFHom HA
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Kapoor$t Viraraghavan'®-& Aspergillus niger
g o]l4d d, FIT=E, e, UAY AAH HAA
A nigerg o8 Jbx S oz AXIs
g 2 2nE @23 b vl 53] 47| (NaOH),
formaldehyde, dimethyl sulphoxide & MA A Az
AN 48 FIFEE(, =8, T AAT
gHstA Fr1elg e, ole o7 kA A g
& Az sl ZA43 4 AR =&
HAAY Axy FHAHE wWaEsgr] HEd A
oz #Hadigot, zou JAY A= 93
ANYE A ¥ B9 o 22 AAZE R
A=, 2 o] dsire HEslA dgez] £
394} Ruiz-Manriquez $9¢ Thiobacillus fer-
roxidansZ )43 £F2 g o|29 A|AHAHd
A NaOH® AAEg A$7t 284 ¥ B
vls) 274 o] AARY FAE BTy @ EE
G, o) Na'7l wro|e 29 Agtatg]d H=
gto] vhA o2 @AY £L AL G Ao A
d e ge

32. FTIR 24

A AR P AA vlyi=e 7dsy] g
AYe] d@ozA g Aue A 432, FFFEH
6.2)% 3¢ F¢ #AAA A A4, 01M HCZ
2N7ZF Al A 4Ad 2 05 mM PP $8dA]
24A13F B+-2-A7 A BAA S 7)%7] ¥EE FTIRE
23G9 (Fig. 2). FTIRA <& 3gty 757
24 ZAe] 95d don g ?

(1) 3854cm™ F=: H0 W=

(2) 3422cm™ = -OH W=

(3) 2989cm™ ¥ =: -CH W=

4) 2330cm™ H3: CO; RE

(5) 1658 cm™ T = -NHCOCH; W=(51€19] 7]

=71)
(6) 1443 cm™' 3} 873 cm™ W2 COF W=

5
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A3
A

4 AR FTR £44d34s 29, g¥E9
oA ¥]4:d Za A& Jehigle, 1700~
1300 cm™ w4 W=olM A4 A A A (Fie.
2N Ph¥ e whest A PA(Fig. AL e
ANEED AE AeolZ el 53], 71d9
71%7]190 -NHCOCHs$} CO&elA FER g Folrt
vehgoh 2822 Ph¥E A gEWe 719 @
A (CaCOs)oll B2 9%8L nidE e o
% 9%tk o] AFE 1700~800cm WEoA E
Ag Aolg VeI E LEF vl Lee 99
zeb FASEA Ve

33. TEM# SEM ¥ EDX #4

A AAY 97 AAZel Be Pb* AAFS
Zolel i ALE WHE7] Hato] A-F7] A
g A 4> A AE, A AHE T A AL 2
F71AEE @& A ZFEL 74 FAAAENH
(TEM)e & #EetEch(Fig. 3). Fig. 3(a)& 4telut
7142 &7 def A FAEA, HH¥E I
(valley)# v}F-(ridge)d] Eo] Wehizn F3} v}
FAtold] 2ZRFS FH7F FA8A BRHAS.
2 % HClZA 4 AgE & Z+(Fig. 30b), A
ARl ®HEo] 493 AdolAz, 3 vF A

Transmittance (%)
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—
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Fig. 2. FTIR spectra of crab shell: (a), untreated
crab shell; (b), crab shell submerged in
distilled water for 3 d; (c), crab shell after
the treatment with 0.1 M HC! for 2 h; (d),
crab shell after contact with 05 mM Pb™
solution for 24 h.
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of o A ARl EAske CaCOs7t B3F &
Ao AAFR] FEA Aoz gudch A4 A
Zef A= A AE WY 7de AAHA g2
JEctuz A0 FEE AN TRe Ao
Azts) 8 4 gtk 2 % KOHel &§ @74z
7 +(Fig. 3Nl A-97] Mg §x g2 9
ool A Ad(Fig. 3@)FH vHAAR B9Eg =
3 v EAE 1 EARE7E #FEHAT 29
o Folg AL A7|AAF F2 dtHEe §
ol ¥AE AL BEEL T UMEH, ol F71 A
g A AL W EAsE dFE D]
AAHRZ A Aoz #ARHG aEE F
T2 P77t A AEWe COT 9 whgat] HRE
£ FAste o Bt S @Edd 2L RUE
o] AAPLZM, Fig. 194 B wutg o] 7]
AZE A A2l 9% P AAGES wAHL
A AEY F¢rct 453 2ok 2 A2z wdd

o

o7 7} BgEed Q3 A AdE AAHY s
W A AR WIS dotur) sl A HA
EHe SEMo® #3(Fig. )87 SAo] EDX
1(Fig. 5)stgeh Aad A Ad Asse 7
g3 g,
(a) Al A2 9 A
(b) 05 mMse] Pb™ =g elabel ] 243 w8
(©) 20 mM] Ph*" Fgadie]A] 24N 7 e
(@ 05 mM¢] Pb* 48 aabol A 2441 W&
7 & P E E=47)7) 918 20 %
KOH €A 247k W3

(e) 20 % HCI €A 247t w5

(f) 20 % HCl &l A 2413+ 8327 £ 05
mM Pb? 8B A 2447t b

fir Mz 1o me
%

Al

Fig. 3. TEMs of (a) controlled, (b) acid-treated and
(¢) alkali-treated crab shell.
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Fo ¢ o] AA

(2) 20 % KOH &l 247 vhg

(h) 20% KOH £l 247k 8tg-A71 § 05
mM Pb* 8 Aol A] 2443t wHg-

A A9 o AEFip. 4@)9 ¥ 05mM
Pb* 897 24A7 S B AAS A$ ¥W
o A3 B u4 P AA2L fFY £
ol o H(Fig. 4(b), ¥=S 20mM Pb? E7HAHA
HSAZAS AfdE B Bt & pbY A
5 4748 = 2doHFig. 4(e).

EDX B4e 233, A 742 ANy Ca”
nz7 =24 Jelg oo (Fig. 5a), Ca¥ A d)&
< 3787% oA (Table 1). 05mM Pp* 549
3 98 o) A FAANE Ca 937} 2oFE

Fig. 4. SEMs of crab shell treated by several me-
thods; (a) controlled crab shell, (b) 0.5 mM
Pb” treatment for 24 h, (¢) 20 mM Pb*
treatment for 24 h, (d) 2.0 % KOH treatment
for 2 h after 05 mM Pb® removal for 24 h,
(e) 2.0 % HCI treatment for 2 h, (f) 0.5 mM
Pb” removal for 24 h after 20 HCl
treatment for 2 h, (g) 2.0 % KOH treatment
for 2 h, (h) 05 mM Pb® removal for 24 h
after 2.0 KOH treatment for 2 h,
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T Pb¥el e W3 FoelAA JEoh(Fg.
5(b)). —5—%1, A AA daele] w3 Ca¥' Mg
Au gL 247 3787%9 235 %1A 699 %S
059/& 728kt o] pHel wE H'sh Ph' el
o T Ca'sk Mg™ 7t 8a3oz B8 Ao
2 Azt 2 5 93” 2mM PY S8 da) nke
F Fo A AAdME Ca¥ Fart o FoE%n
PbP'e] & Azt noh 24 JegTHEg. 5(c).
E% 05mM PbY F8d3 wLsige Ao v
T B o, Bt} £ PbY BEd o8 Ca¥9
Mg @r&o] o} A BAAY Agnge 7 119
%} 026 %2 Zistd PBY A v gL 3032
%ol A 52.30 %2 Z7+8tAtHTable 1).
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A4
=

A AR Fdolu Ui FFso] 9= P

2377 ) 42 AEEA HY, A AAGA
Pb” AA A Age F= CaC03£ A &
gi=o] 7z MEdsE 9r)zE g3ag 4
Az Weke AZskA HAW 971§ AFEEA F
WA AR Zdog B PhCOsel Pha(COs)s
(OH)zS HHZ nA FA=Ho] YHE & d¥E
Pb(OH)zsy HEle] FAZE Sf A} ‘%*é% bl
o2 AZrsgeh Fig. 4dE 05mM Pb* 449
Aol A 24AN7HES 83 PHYE FFHAD A A
Hg 28 7H5¢ 20% KOH #doA weA 7 &
SEMe 2 #ag Hifo|r}, 20% KOH &< 9
A okl P HAES F2E E £ Yoy
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Fig. 5. EDX analysis reports on crab shell treated by several methods; (a) controlled crab shell, (b) 05
mM Pb® treatment for 24 h, (¢) 2.0 mM Pb* treatment for 24 h, (d) 2.0 % KOH treatment for 2

h after 05 mM Pb*'

removal for 24 h, (e) 2.0 % HC treatment for 2 h, (f) 05 mM Pb> removal

for 24 h after 2.0 HCl treatment for 2 h, (g) 2.0 % KOH treatment for 2 h, (h) 05 mM Pb*

removal for 24 h after 2.0 KOH treatment for 2 h.
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Table 1. EDS analysis reports for the crab shell treated by several methods

Matem) () (B) © (D) (E) ® @ (H)
(w36 Controlled 05 mM Pb 20 mM Pb” 20 % KOH 20 % HCl 05 mM PH* 20 % KOH 05 mM Pb¥
crab shell treatment for treatment for treatment for treatment  removal for treatment  removal for
24 h 24 h 2hafter for2h 24 h after for 2 h 24 h after
05 mM Pb* 20 % HCI 20 % KOH
Element removal for treatment for treatment for
24 h 2 h 2h
0 5127 54.89 40.38 68.34 66.30 66.33 4552 24,89
Mg 235 0.59 0.26 0.26 1.29 078 353 037
Al 0.39 - 058 0.33 257 052 0.38 055
Ca 37.87 6.99 119 0.22 245 383 39.26 1.82
Pt 5.21 621 529 782 19.30 17.24 6.07 402
Pb 2.91 30.32 52.30 23.02 8.08 11.25 5.24 68.34

o & Hiles gE AeE JEyd. EDXY
Asko] M= Pb* 2 ekH] 8L 3032 %ol 23.03
%z o7 Z4d AL FAFL & UdUKFig. 5(d)
g} Table 1).

A A9 4 Ag aiagy dolrr] fsko 20
% HCI &9 2A]7F Fet vheA el 1 A A
A4 EW9 43 wygg pEg &+ glglen
(Fig. 4(e)), Fig. 5(a)ol w8l Ca® m =27} @A A
A2EHRLL & & 9 n(Fig. 56), Ca¥ 9 Mg
AFH &L 7zt 3787%9 235 %olA 245 %%
026 %% A% Aox velgcHTable 1), 20%
HCl Ag & 05mM Pb* 4&ox w7 A$
Jd P HAHWEBL Ae BAY & Y2 (Fig.
4(f)), Fig. 5(e)ol W& Ph*' Ca¥ B Mghe &
32 A9 #AFHA kskvh(Fig. 5(f)$F Table 1).

H7l AA Y gae =Arsl7] Yt A gA
= 20% KOH &4elA 247k wgA7l & SEM
o2 F1% A3} SEM AlRAsczE A #A %
4o BEEEolY L¢9E8o Ui AAR R 7o
U oz 2 zols wAdE & ANL(Fig. 4(g),
EDX AFdME F38 Aol7t wARR atel,
a8 A g4 LaEe Ca¥d Mol Agug
& 747} 37.87 %9k 2.35 %2 Vel vk, o
7] Helg AHAXE o gho] £33 U4zt F7}
ghed 39.36 %9} 353 %= UEldTh ol g7 A
A AR gy 2L F718L AAN) 9
g FHeng AAHY Fr|E gL Wzl gl
At gl e BB ta AAH HA
oo o7k AaFozH Cal'zh Mghe Agu)g
o] otk FHg Aoz AdE B 5 vk

A AEAL 20% KOHZ AA 3 s 05mM
Pb” F8daelA weN7 AR AgH P H)
A ARES FAF + A (Fig. 4(h), EDX #
F AFAME G7] AAHEAE Fx @ AEoA

-
f
i
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05mM Pb* g3} uhed Fig. 5(h)ol s &
& %9 Z7hd P Jast A2¥ Ca&H Mg
325 #IFL F AAHFe 5h). Ca&H Mg
A& 72t 699 %9 059 %ol 1.82 %9 0.37
%2 &3, Pb® W& 30.32 %0l A 68.34
%z 2w o)A Z7lEe] sbY me PR A g
< Ueligiti(Table 1). ©)= Fig. 13 9A== 2
2, Fig. 29 TEM ZA3o|Me w72
ZiAZe] o3 PbY mA AFEL A= o)
Balzl By dwlEs 2L Bgfol AAEY)
g2 Aoz Yzs B 4 9l

4. 2 &

A EE drl2 ANYS A 4R E o&F P¥
AA dde s8] O3 L Z2BE 9 &+
AT

D ez ANGE A AAE 0|88 P AAA
HolMe B2 PH'I AARRA @&
Fof ZEsE Ao UehgEd, o=
o A AA Wl 28 CaC0z9] HEEo]
AAHR7] HEQY Aoz FaFegith

2) 971 A A 4AL 97 AYE §A ¥&

A A wa dAAH) FFE& AAFL ot

A ZA WekA ggrodt P AASEI} i

=ohA uh,

TEM 42 F3t49, 4 Aegdg & A g2L
CaCOsz9] AA 23 AAH¢ Fwo] AHAo]
A3 Z¥ vlFe AAN} BEHSEY 497 A
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