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Abstract: To improve adsorption effect of Na-bentonite on Pb(II), chitosan/hydroxy-lanthanum complex
pillared bentonite (GZ-P) is prepared by hydrothermal synthesis method using Na-Bentonite modified with
the mixture of chitosan and hydroxy-lanthanum cation as pillared agent. The properties of GZ-P are
characterized by X-ray diffraction (XRD), Fourier transform infrared spectrum (FTIR), scanning electron
microscopy (SEM) and other analytical methods. And the adsorption property of Pb(II) by GZ-P is
discussed. The results show that the mixture of chitosan and hyroxy-lanthanum cation intercalates into

bentonite and plays the role of pillar. The particles become fuller and denser. Surface voids and roughness
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increases. Removal rate and adsorption capacity of Pb(II) by GZ-P increase first and then decrease, and
increase again with the increase of PH value when the temperature is 25 C and reaction time is 120 min. The
highest removal rate reached to 98.93 % and the maximum Pb*" adsorption capacity is 33.67 mg/g when initial
pH is 4. The least adsorption capacity is found when pH is 6. However, the removal rate is more than 85%
even under that condition. Langmuir equation could better imitate the adsorption isothermal process of GZ-P to
Pb(ID, and the adsorption process could be fitted by the pseudo-second order model, which indicates that
Pb(ID ions are adsorbed onto GZ-P by chemical interactions via monolayer.

Keywords: chitosan/hydroxy-lanthanum complex modified bentonite ( GZ-P); adsorption; pb (II);

adsorption isotherms; kinetics
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G J M IS B R 0 AR O RO R T R BT YA R R BRAE T B S B I A - B
SRR R A W R E T AN R R Ay T A K OHL - NH, % 3671, W 5 4 )@ 55 1 1
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FEAYRS  PHS-3C 8 pH (LT RE) s SHA-BA BUH IR /KB IR 4% (41556 18) s BSA124S Al T K
F- (F8 [ Sartorius) ; JK-MSH-PRO-6B B fil # i g 5t ¥ 4 (L2 34 s PH-240 CA) B 3 B il T 1 48 (LI
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PL 1 ml/min B3RS E A NaOH B8, HE(OH ) [La® ]=2.5 F ik RJG7E 65 C FHFZedi+E 2 h, /i
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W ) /1N £ B D B 5 L 52 JBE A7 (00D T AT G 06 45k 35k % 1) = 2 56 1) AR 0F W K 1L A JT 0 550 28 P R Ak 390 3 A 381 i
e = 0], IR R B TR E . S M LA T R TS B A D 2 RIEE S 1.45 nm ™ LT GZ-P )2
[ FE2A 1.56 nm. BAMFLIZE + 2 BIEE 1.23 nm FI5E RME )2 B FE A W] S0 K, 3R W1 58 SROME R0 JE 00 g 44 ik
AB]T R 02 6] R B TR R .

qe — (2)
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Fig.1 XRD patterns of Na-B and GZ-P
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Fig.2 FTIR spectra of Na-B, chitosan and GZ-P
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Fig.3 SEM images of Na-B and GZ-P
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W B, 7E pH =4 B, btk 3% 1T 114 W52 B P B 3% 1T AT 2% 45 X Ph™ " 1 W B A0 3k 3 de A, DRI Ph™ I B Bk sk
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AR I 55 Tk 6 g 4 8 R B 500 0 0 S J5 PR RS 45 1 1 S 7 9% e X A R o R Y O A0S T LA A 380 R A R
XoF TR A I 4 e K B 25 0 . ARBIFSEAE 25 °C L pH =4, Pb(ID W1 B E N 10~50 mg/L B4 4F F K H e H
8 W B 43 A A 7Y Langmuir (WL (3)) Fl Freundlich (WX (4)) 45 i W 7 B2 R A7 90L& L 17 #5366 ] T R i 145
(1 B 53 2 W BRI A D2 A 24 A R P A 1 22 6 o0 X I BT A RO R LR (5D

Langmuir 55 77 2

1 1 1 1
—=—+ X =, (3)
9. 9w Kign C.

Freundlich 4515 77 &
1
lg g. =lg KI;Jr;Xlg C., (4)

W P 15 5 % R 7 7
- 1
C1+K.C,C

A Co W B AT I W b PbAD R  mg » g s 0 R4 I B9 W B & o mg » g ' 5 g M ERORWCRT &,
mg e+ g 'K N Langmuir W5 %0 Ke A1 1/n #5528 Freundlich W B 5 %0 R 1 Sk G £ 2 114 % - 4 55 %

* M Langmuir Al Freundlich 77 FE#4l GZ-P X Pb(ID) By W B 22k 5 03¢ 1 FR 5, i3 1 ml s,
Langmuir 75 #2 il Frundlich J7 2 ¥ REB T b 38 GZ-P Xt Ph(ID WL A7 R (R? =>0.99) . {0 Langmuir 77 F2
AHOC R BCHE %, U] GZ-P XF Pb* " i W B 0z 8L 43 2 W . Freundlich S8R 7 FRAUG S 80P 1/n<<1. 380K
W S Ry A SR A T A AR R (B A T 0~ 1, R A R B AR 5 AT, HL GZ-P X P IR B e 30
HE B 1 WA BB T B I BT £ 1K B 33.67 mg/ g

#z1 GZ-PxfPb(ll) RMEREZERSH

Tablel Isotherm model parameters for adsorption of Pb(II) on GZ-P

Ry 5

Langmuir W Fff 45 98 28 Frundlich W& B 45 15 £k
pH gu/ K./ ,, K./ |
R, R* 1/n R*?
(mge+g ") (Lemg " (mgeg '+ (Lemg H
4.0 33.67 0.59 0.032~0.145 0.994 19.44 0.6 0.991
40
38}
0.10 1
36
o34t
— 008} n .
o Em 32}
. \ -
¥ 006 & 30
= = 28t
= .
= 00| . 26}
24|
0.02 - ! ! ! ! ! ) 2.2 - 1 1 1 1 )
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(a) Langmuir (b) Freundlich

B 5 GZ-P X Pb(1I) K9 IR M &8 2
Fig.5 Adsorption isotherms of Pb(II) on GZ-P
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2.4 WM HZHRE
T T R W BT, SR P — 2 B 1 2R 5 B (Lagergren 7R, 20 (6)) FME g 3h J1 20 5 18 (D)) Sk #Hi A&
SR EE) S R, X GZ-P BRI h A iR 6 s A B BRI S gt AN 2 s,

kit
1 —q,) =Inqg.— ,
n(qg. —q,) =Ingq 5 303 (6)
t 1 ¢
- = P (7)
QI 182(12 qc

ek U — R B % min T sk, fE AR BT FE L g » (mg + min) g H g, 43 ) Sk MR BT A Y
M BhS 225 et R ¢ I 220 B B S HE  mg o g s IR BRFRETE], min,

H 6 w1 FER R Ph(ID W BE Tt — 03l I 2 A A 4045 il 26 2% 5000 D 29 8 K, R Wl — S gy ) 2 8
BIIEARR BT Mo iR Pb(ADFE GZ-P MR LA 7 . 3R 2 T LLE H, 5 HE 8 I 2RI RUAH L, i —
PR T2 BRI A O R B 25 - R WIME— 3 12 Dy BN GE H TR GZ-P X P (1D (9 W B . 1 #E = K 5
TR M2 5 SRR LG R AT . SRR L GZ-P B ME A O R B AE 0.99 DL F, RIIE
TR W R Bl R R e A M R GZ-P W Ph(TD A9 AT H 3 B A2 Ak 2 0 B R L ST B BIF 5 4

UEEEl

9r
8
7k
6 -
55t
4 -
3L
2L
[} 1+
-3 1 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
t/min t/min
(a) YE—F B T AT (b) HE— R Sy AR
6 GZ-P Xt Pb(I1) f IR Bff 3 71 S 4 3
Fig.6 Different kinetic plots for adsorption of Pb(II)onto GZ-P
F2 GZP3PhI)MEI N EHESH
Table 2 Paraments of two kinetic models for adsorption of Pb(II) onto GZ-P
HE— R 3 S5 HE 3 5
3 !
WL/ (mg « L7 ki) a./ | a./ ko
R* R
min~! (mg+g » (mg+*g ') (gemg ' *min!)
15 0.028 4 9.78 0.942 2 15.58 4,28 X107 0.995
30 0.041 5 19.23 0.824 9 35.21 9.84x10~* 0.997

50 0.032 5 26.25 0.888 6 42.92 7.33X10°" 0.992
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