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Adsorption of Pb(II) and Cu(Il) Ions by Cross-Linked Chitosan Beads

SUN Yanfang, LIU Yun

(School of Sciences, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: For the facts that the amino groups in chitosan (CTS) are prone to be protonated and
the application of chitosan in water treatment is therefore greatly limited, modification of chitosan
via cross-linking was carried out in this study. Modified CTS beads were prepared using sodium
citrate (CA) and epichlorohydrin (ECH) as cross-linkers. The chemical structure of the cross-
linked chitosan beads was characterized by TGA, FTIR spectroscopy and XRD. The effects of
pH value, temperature, contact time and initial concentration of metal ions on the adsorption of
Cu(ID and Pb(ID) ions by CTS-CA-ECH beads were investigated. The adsorption kinetics was
evaluated using the pseudo-first-order and pseudo-second-order models, and the adsorption
equilibrium isotherms were examined by Langmuir and Freundlich models. The desorption and
regeneration tests were performed. The results show that the adsorption process fits well with
the pseudo-second-order kinetic model, and the adsorption equilibrium isotherms agree well with
the Langmuir models. The present adsorbent has excellent reusability for the adsorption of
Cu(ID and Pb(ID) ions.

Keywords: chitosan; tri-sodium citrate; epichlorohydrin; cross-linking; adsorption

UEAER A A B KRS e 2 B 0GB DR A AR R T SRRSO | FR R Y WA 5
HE A SR R M O AU T ORI SR B s Y ) R O W A
A& BRI JEL LI T e R B AR X S8 T vk B A FERBECCTS) =i 5 LT 5 W . B
—EPEE AP A oy i RIS Y AR R PR R A R AR MR R A N S G Jm T AT

WokE H W . 2013-02-22,  VEF M4+ FhHETS (1986—) , % Bl - 4E 5 X 22 GRAS1EE) Lo, B 2047 .
R0 £ Y R At JE] . 2013-09-23 P 2% 1 Bl . http: / www. enki. net/kems/detail/61. 1069. T. 20130923. 1048. 002. html



128 [ . ]

Ko

R

1 AT %

B A T R R ) B L (E e IR L A
WMk W B T - T RR ) T R . O T Bk
H e BRI VERE . 75 B A Ok AT Bt . SR

PR N 4 T K H b BRI b
= SR R A S5 A D SR

PR SATN B2 BT LBz i g R B
o B RSB AT DL S R R AL
B R RS R RO

FrETR =4 (CAO T A 3 MREE 7. A5l
AR MR R AL R — R A T SR

ASBIFTE R FAT R = B 0 30 2 S T o MK % 7
SOMHHEAT 1 1 AL B SR L LAk 5SRO T A R A
1 (R B B () s B S BIR S T B e SRR X A
YRS 1 (R W B 2l g 2 AT S R B A5 LR A L O e
W 1 P e B ST 96 56 1 o e SR 9 P A R e

1 % I

1.1 KFE5E

FERME(10~100 H . B £ Bk &= 4350k 90 % ~
95 %) H bV AR AR P B R Y A R AR AT AR R —
A RSN R R o b el

PH M (TGAYX i NETZSCH TG-209C, 41
A E1E Y A Nicolet Avatar 330 FTIR, X 5} £k fit 5t
1 XRD-6000, Jit W W 43 0 0% B2 11 AA6000
FAAS,
1.2 BEEEEHE

e il i 100 mIL 5 SROME - R 15 Wi (IR R4 50y
200 JCE IR, PR L2 T T N & 100 mL AR R
ANV R BN 100, pH(E R 620, AT
il £5 72 B ME-F7 1 R N (CTS-CA) Bk ki, & LAY
CTSCAZKR T ACHE 1M, ZFaidiEitH
T TRV AR 25 K SNy B AT A R — 4.
K532 89 CTS-CA BB A E] 100 mL 0.1 mol/L

DPH A 6 By PRSP B T W & TR T B R R
24 W™, iy AR B AT IR OB B R BN-ER A S TR A
(CTS-CA-ECH) Bfhi, Z Bk b i K5 T 60 °C
TR 24 hoof TR S B BRORL IR B 2o 0 L AR R AR
/NT 200 pm ERRLES T . B 1 7 B S AR
= AR R A SR T B 1) S I R K

1.3 BRI e

1.3.1 #&& pHEL ¥% 100 mg CTS-CA-ECH
RO pH AR 20 1~7 094 )8 8+ %W (50 mL,
WP 100 mg/1L) 1,25 °C THE IR KB IR 3 % h Ik
W B 8 b TR T MM gy Ol Ol B ) T
324.7.283. 3 nm P T W2 b3 W R RN A S T

WL WA Iy
q. = M (1)

m
K. Co (mg /L) Ny B F W MR iR e B 5 C (mg /1)
Ry W B S A Bk B O i v B 5V (mL) O B8 1%
WA 5 m Cong) Ay W2 BEE 5910 114 Jo 6
1.3.2 k=& # 100 mg CTS-CA-ECH ki
JIA 50 mL &2 100 mg/L i 43 J& 25+ 7% W (4
B HW pH E R 6.8 5 FI ey pHAE N 5)
o, AR OFE 25.30.35.,40 °C R FE IR KB IR % 2%
P35 e B 8 by M ¥k R v 4 e B TR L OF AR
W B} 75 2t
1.3.3 RMEE ¥ 100 mg CTS-CA-ECH ki
JIA 50 mL ¥k 22 100 mg/L Y 43 J& 25+ % W (4
BFUW R pH (AN 6,878 FIW A pH ER 5
oL TR 25 CTF TE IR AR IR 5 g ARG R )
K 20~900 min, W& bW 4 8 BT IRt
ORI o 5
1.3.4 2k&BFHERMIEEE ¥ 100 mg CTS-
CA-ECH A A B2 5357 & 10~800 mg/L 1 4x
R B VA W R B T pH Dl 6L BV ES YA pH

prrwe

CH2
CHOH o= c C OH

0 OOCCH2—C CH2000 ,pH=6.0,4C
W NH3 . VCH2C1 pH=6.0,25C

| N
o C/CH2

Bl B2k oe M A T R

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn




11

PN TS+ 45 5T JROWE 009 S Tk e 1 e JEC % R 5 1T o T B T

129

{E 2 5) 1, 78 25 °C R F1E K W IR 357 #5 vh B % W B
8 h M bV Wb A B B U B ORI S B A
1.3.5 BMAAEAE WEH 100 mg/L 48 &

TFWAE 25 °C FHEE KBRS 245 h 4R % 8 h. 4k
SEORE DN IE WD A R B TR B L AR I IR O R
S KU 5 A2 B W R 390 2 T 1) 4 ) B 22 0 K Uk U
if B BRRLE TR E 0. 1 mol/L 1) 100 mL £ —fi%
W2, (EDTA) ik bt 1 25 °C TR
KGR G w4k 3 h, e LI Wrh 48 s 1k .

ARSI IEAT 3 K. R E 4%

D= (2)

T Bt & sma (mg/g) 4

74X 100

n,

A em, (mg/) N & EE
J& B TR,

2 AR5IHE

2.1 RIERSDH

2.1.1 #E 54 2K CTS. CA fl CTS-CA-
ECH py#E /3t 8. Bl B7s:CTS il 2 2%k
FHIEL A 1 B BfE 42~105 °C Ja], JiT o 4512k o
8% o5 CTS & I 4 B Bk 1 /K 1) Bl 41 2L 56 2 By
BAE 299. 1°C, Bam i e 5 37. 6206 02 CTS Iy #4
Bt B s CA M 3 AN B B, B o it 2k R
H39.69% ; CTS-CA-ECH [ 1T ¢ 1 W B 1% K 19 iR
EAIAN W R AR 209. 2 °C L CTS

PR R BE AR . L] CTS-CA-ECH ) #Fa 2 ¥ 1k
CTSH 2, X RF MAEFESEF.CTS HH
1001
80
X
£ 60r
®
m# 40
=S a: CTS
20}k b: CA
¢: CTS-CA-ECH

1 1 1 J
0 100 200 300 400 500 600 700 800

w®E/C
K 2 CTS.CA Il CTS-CA-ECH [y 35 4 ¥r &
NH. OH
HO o 0,
O HO f
o NH; 'n
I (SAN
CH, 0=¢C
| HZC\
(|3HOH HO —/C—C— 0]
ci, c

M"

—NH, " #l CA Hr{J—COO 2 Ja] i /K & B T Bk i
H—CONH-—, 7] e & Py 25 5 i 3 4 2 1) 22 Bk
il )5 36 T 43 T B P R 8] 114 SR BT S
2.1.2 shiE B 54 K 3 A CTS. CTS-CA-
ECH, CTS-CA-ECH-Pb(ID 1 CTS-CA-ECH-Cu(ID
LLAME R . CTS 3% &l .3 400 em™ ' 42— OHF
—NH, i 45 #& 53 1 654 .1 589 cm ' &b 43 51 K
—NH, # N—H (45 fas i sh; 1 421 em " 4bh
N—H §28 B3 51 376 em ' 4bh—CH, OHH C—
H 3 B2 ¥R 3051 323 .1 155 em "Abh C—N 1
MgEHEsh; 1 080,1 025 em b h—COH 1 C—O 1)
(G T

a: CTS

b: CTS-CA-ECH

¢: CTS-CA-ECH-Pb(1I)
d: CTS-CA-ECH-Cu(Il)

3 400
4000 3 500 3000 2500 2000 1500 1000 500
¥ K/em ™
CTS. CTS-CA-ECH. CTS-CA-ECH-Pb (1) #iI
CTS-CA-ECH-Cu(ID By 41 4 ik &

A 3

SEE W J5 CTS-CA-ECH 7 1 654.1 589 cm ™
Ab W SR JF 55 7E 1 552 em AL I I — > A WL N UH 8
F CTS ) NH, " ;1 421, 1 376.1 323 cm™ ' &b I 75
gL [ AE 1 368 cm ' Ak B — AN g, B H 8 T
—COO ., X %M, CTS #iy—NH," fl CA
M—COO KA T B FEBHEM. 74h, 3 400,
1080 cm " Ab IR .1 025 cm " AU R L 1E A
CTS hiy—OH 25 7 8B v .
W B4 J8 B - )5, 3 400, 1 080 cm ' Ab [y I 3
— W CTS F—OH e R 72357
SIEE T, 535h,1 368 cm ' AL 4 U 5 A 1]
WG BL—COO &5 T &8 & 1 W K.
Kl 4 ﬁ@%&ﬁéiﬁﬁ%ﬂ@TﬁEWio

o w
>o NH3
]

CH

| C/ R
HO— CH > \;‘4
CH2 H, C \ _
O C ||

on M RET M

&l 4

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

ZET CT'S Bior W2 B 4 A1 45 15 5 19 vl »HLIE




130 [ . ]

Ko

R

1 HAT &

2T AN I 25 SR 32 B, CTS (A8 RIc I Jr 28 2 W)
AT 0 W B 50 A = ZEME B A — OH Fi—COO0 -,
2.1.3 X S &ATH H M 5 k4 CTS,CTS-CA-
ECH, CTS-CA-ECH-Pb (1I) 1 CTS-CA-ECH-
Cu(ID iy X BTt . CTS #E 20=20"4b 45 — M
S X CTS | 42 56 A0 3k 2 ] S0 JH AT k.
ZEWRZ S5 FE 20= 20 Kb (1% e 5% 0l 55 - ) /DN R BB 7 1)
FEMA sh 2y 20=18"4b . 3X 7] B8 J2: M Ry 72 B Wi 5 34
A e Z [ LSS R IR T CTS b i &g L il
SRR EGAE 20=11"2b N BL T — /N7, X
HEF CTS —NH, f1 CA th—COO™ Z [a] ff) B
TR s B i 4 0 B TR . WA B R L TR 20—
11°.20=18°4b Wy e JL-F- 1 2% 5 W B 4% 25 7 J= 7 4b
WA 118 iR AN — A el 59 150 RIS 5 X
- B4 R AR D LK A 8 A

L 1 1 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35 40 45
200(°)
a:CTS;6:CTS-CA-ECH ;¢: CTS-CA-ECH-Cu(ID) ;
d: CTS-CA-ECH-Ph(ID

F5 X gkt E

2.2 pH EXEF R0

Kl 6 & pH {EXT 4 )& B WKt s m . A IE 6
B TR AR = B B LT 0, 3 R PR Ok 7E R
& pH L F. &8 T /E—OH f1—COO™ g
BAFAS7 1 3 THT 5 - 5 Wl BRF A7 o5 5 4 TR R 4 i 0
KB 5N 9 NHy B al Xt 48 & 7 A HE
FEM. Mg pHEMNM K. £BE T 5K 2M
R R A7 422 ik o IR T tha B =2 186 K5 24 pHL L i —
EER . OH MKk EZRHH K. &RETA81kY

50
401
&0
;é‘) 301
g
20
=
=
10+ —e—Pb(1)
—— Cu(I)
0 1 1 1 1 ]
1 2 3 5 6 7

4
pH{H
Bl 6 pH H x4 Jm B (H 5 0 B Y 5

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

T I 75 WA A S T A

W B 7 CTS-CA-ECH % fff Cu (1) B +F i
PbID & 7/ ficf pH EL 235108 6 A1 5.,
2.3 BRENETFRHEMm

7 g R W B AR . IR 7 A R

601

T S

H

< 4ok —e— Pb(1)

w40 —a— Cu(Il)

&

]! S — -
20 1 1 J

25 30 35 40
wE/C

P74 R W Y R

i E R R TR S A TR, A T PR
$F R B 52, 5] AT Clausius-Clapeyron J5 2t

- d(InC.)
AH, = R[d(l/T)}

K AH, A WB RS AR s R Sk BE IR SR H 8K, 8. 314
J/(mol « K)., B 8 K InC. 5 1/T WYk FR, Hk
WA ELAR N AH,, Cu(ID F PbD & 11y
W FFE G 25 49 ) Sl — 37. 01, — 4. 89 kJ/mol, AH, W
FfE L 0 CTS-CA-ECH B i %t Cu(ID F1 Pb(ID
BT W B R AR R N . P R B S B N S e AR R
A T 55 2 Oy 5
e

3

To-ab

=

on

g A cy(ll)
o o Pb(1T)
k=)

|
5]
T

-4 .
3.168 3216 3264 3312 3.360
r o k!

K8 InC.51/THRAR

2.4 WRHEhAHZE

P19 kg W B B i) X 4 i 2 - W B 1 sz i . DA T
9 F th » 7E W B 0 0 46 B B . W B A R R b L BE
W R ERF ] 1 E 4 o 1 B 8 ) 38 o & 5 9 2% » Cu (1D
1 Ph(ID B 743 $I7E 200,150 min fF W W& T F
o D R R < R R B 4 ) R Y B L 4 R S W 2 B
R TE W B SR 08 e THT S %k B A T R AT R T W
WK 5 B T T 4 e B Wk B 1 I L I e
MIHES 1/ B2 S TR A, A SCR M —20f =
G0 B 3 2%y R o W B Bl g 2 AR AT T 4t
PUA BRI AR 1, — G R Jr 72




%114 IINHE TS, 55 - 50 SREOWE 110 3 5 v e R H W R A R A S AR AUE 9 131
601 lg(q. —q,) = lgq. — A, t €D)
2.303
7 S by g G AR g, T g,
g“ Sy ¢ e 22 R Ak
@30 G B R T
=20 —e— Pb(Il) LA (5)
—— cu(Il) q:  kiq. g
° Sk, Oy G B R
0 200 4(|)o‘ .6(I)0 200 1000 MW 1T LIEH, R B R A A e &
Eg@ﬁﬁ@gﬁ;ﬁwm%w HUR>0.99) o SRR R 1975, 50
FhF T S A58 AU 15 B |1 ~F- A5 W B i 5 52 86 {E (Cu (DD |
A1 BWMIHHFHEK
— S B 3 R AT TG B R AR
ERET ky/min~! flﬁfi;—i% R ky/(g+mg™ ") %mlizn&jjll—iji/mg cg ! R
Cu(ll) 3.22X10°° 11.63 0.839 9 8.67X10* 49. 50 0.999 5
Pb(I)  5.76X10°° 4. 41 0.816 0 6.86X10° 32.79 0.999 9
B+ e S F BFO MR FEAE
Pb(ID B ¥ 1 LI g. 43012k 49. 00.,32. 65 mg/g) 1601
e B3R . P X T CTS-CA-ECH Bkobi, — 20 W% [t 140
B MR E AR E] 1Y Cu (D Ph (1D B T 1 0% 1% 120
B A R e

2.5 WRMEREFHE

10 4 8 s 1 i W B A R 2. IR 10 AT LA
BN BEAE B VT A e BB K W B R R B Y
M T DA o AT 9 8 g 2 B 4 T 2 e A B A
JEE BTN B E F i AT . AR SO Langmuir A1 Freundlich
S5 T R BRI ASE AR F WG B R Hl AT T AL SR LR 2,

* 2

60

% & /mg-g !

—e— Pb(Il)

40 —— Cu(I)
20

1 1 1 1 1 ]
0 100 200 300 400 500 600

T4 /mg L
10 4 Jm s 1 A W B S5 TR 2k

R IR A AR

Langmuir Freundlich
EEET
K./L+g™ q,/mge-g”! R? Kr n R?
CuCID 3.79X10? 151.52 0.994 7 14. 89 2.45 0.838 5
POLCID) 1.26X10? 121. 95 0.999 0 2.62 1.55 0.944 6
Langmuir 5 £ 2.6 B4AET®
C._ 1 C. 6) W B 550 PR AR SO 2 SR LR 3. MFR 3 B/ .3 Ik
¢ Kign = an BRI W 55047 9% £ 5 186 45 W i ) D 7 3¢
A K (L/g@) ) Langmuir %%, (mg/) WK p g CTS-CA-ECH EA BL I 1 Ak B
o A3 EMAELELRER
w T 55 @4 ':’\’,; =3
Freundlich 77 & ‘ o
1 R Pb(ID Cu(ID
— . L “J\'
Ing. 1nKF+nlnC* 0 " g./mg-g ' D g./mg-g ' D
;—ctqj Ky il n ﬁ]j’{l Freundlich ﬁ?ﬁo 1 32.65 89. 56 49. 00 96. 32
Fh R? ﬂ%ﬂ,l,angmuir WM‘J%E*%E!E@?H 2 29. 89 88. 37 48. 82 95.52
3 28.38 87.74 47. 14 94. 36

# CTS-CA-ECH #lArxt Cu(ID Al Ph(ID B F (1 1

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn



R
4

1 AT %

3 45 B

Wit TGA, FTIR f1 XRD %} CTS-CA-ECH
HEAT T 3RAE G5 R SR WY, AT A58 1R — A 0 B0 4L S TN &t
Xt 58 S (14 38 B0R P S AT I o T R I AT K
W B 7 85— OH Fl—COO ™, $#m CTS-CA-ECH
X CuIDFN Ph (1D 8 7 W Bif i) =2 R 2 & 7%
W) pH E W BRF B ] R 46 W . B Cu(TD Al
Pb(ID & 7 1y fcf: pH B 5351k 6 F1 5, 0 B 1 4 g
[&] 43 %1 >4 200,150 min,

CTS-CA-ECH %fCu(I1D H1 Pb (11 B 1 f 1% Fff
B T R AR B W) A Langmuir W% B 45 T 7
T R 0% B k3% 67 . B Cu (1D A1 Ph (1D B T 1 ik
WG B 43 R 151, 52,121, 95 mg/ g, 36 B ekt 5
()55 BBEXT Cu (1D F1 Pb (11) B 7 B AT %5 4 19 W% Bt
AEJ1;CTS-CA-ECH HA R i Fi A k68 .

S 3Lk

[1] ZHOUL M, WANG Y P, LIU ZR, et al. Character-
istics of equilibrium, kinetics studies for adsorption of
Hg(ID), Cu(ID, and Ni(II) ions by thiourea-modified
magnetic chitosan microspheres [ J]. Journal of Haz-
ardous Materials, 2009, 161(2/3): 995-1002.

[2] SHAFAEI A, ASHTIANIF Z, KAGHAZCHI T.
Equilibrium studies of the sorption of Hg(II) ions onto
chitosan [ J ]. Chemical Engineering Journal, 2007,
133(1/2/3): 311-316.

[3] CHEN A H, LIUSC, CHEN C Y, et al. Compara-
tive adsorption of Cu(1l), Zn(I1I), Pb(II) ions in aque-
ous solution on the crosslinked chitosan with epichlo-
rohydrin [J]. Journal of Hazardous Materials, 2008,
154(1/2/3): 184-191.

[4] WAN-NGAH W S, FATINATHAN S. Pb(I) bio-
sorption using chitosan and chitosan derivatives beads:
equilibrium, ion exchange and mechanism studies []J].
Journal of Environmental Science, 2010, 22(3); 338-
346.

[5] LAUSR, COSTA T G, SZPOGANICZ B, et al. Ad-
sorption and desorption of Cu(ID, Cd(II) and Pb(ID)
ions using chitosan crosslinked with epichlorohydrin-
triphosphate as the adsorbent [J]. Journal of Hazard-
ous Materials, 2010, 183(1/2/3): 233-241.

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

[6] CHIOUMS, LI H Y. Adsorption behavior of reactive
dye in aqueous solution on chemical cross-linked chi-
tosan beads [ J]. Chemosphere, 2003, 50(8): 1095-
1105.

[7] VASCONCELOS H L, CAMARGO T P, GONCALVES
N S, et al. Chitosan crosslinked with a metal comple-
xing agent: synthesis, characterization and copper (1D
ions adsorption [ J]. Reactive and Functional Poly-
mers, 2008, 68(2): 572-579.

[8] GUIBAL E. Interactions of metal ions with chitosan-
based sorbents: a review [J]. Separation and Purifica-
tion Technology, 2004, 38(1). 43-74.

[9] GONCALVES V L, LARANJEIRA M C M, FAVERE
V T, et al. Effect of crosslinking agents on chitosan
microspheres in controlled release of diclofenac sodium
[J1. Polimeros, 2005, 15(1): 6-12.

[10] WAN NGAH W S, HANAFIAH M, YONG S S.
Adsorption of humic acid from aqueous solution on
crosslinked chitosan-epichlorohydrin beads: kinetics
and isotherm studies [ J]. Colloids and Surfaces: B
Biointerfaces, 2008, 65(1) . 18-24.

[11] PARK J H, JUNG D. Removal of total phosphorus
(TP) from municipal wastewater using loess [J]. De-
salination, 2011, 269(1/2/3) . 104-110.

[12] SHU X Z, ZHU K J, SONG W H. Novel pH-sensi-
tive citrate cross-linked chitosan film for drug con-
trolled release [ J]. International Journal of Pharma-
ceutics, 2001, 212(1): 19-28.

[13] LAUS R, FAVERE V T. Competitive adsorption of
Cu(ID) and Cd(ID ions by chitosan crosslinked with
epichlorohydrin-triphosphate [J]. Bioresource Tech-
nology, 2011, 102(19). 8769-8776.

[14] LIN, BAIR B. A novel amine-shielded surface crosslink-
ing of chitosan hydrogel beads for enhanced metal ad-
sorption performance [J]. Industrial and Engineering
Chemistry Research, 2005, 44(17): 6692-6700.

[15] GUPTA S S, BHATTACHARYYA K G. Adsorption
of Ni(ID on clays [J]. Journal of Colloid and Interface
Science, 2006, 295(1). 21-32

[16] WU F C, TSENG R L, JUANG R S. Kinetic model-
ing of liquid-phase adsorption of reactive dyes and met-
al ions on chitosan [J]. Water Research, 2001, 35
(3): 613-618.

(i &%)




