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Bentonite modification and adsorption capacity for Cr(VI) in water

SU Jianhua, WANG Yujun, MA Xiulan, HAN Xing, WANG Ting, WANG Ketan, LIU Shichao

(College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China)

Abstract: [Objective] To improve the adsorption capacity of bentonite for Cr (VI) in water. [Method] NaOH
and chitosan were used for modifying bentonite. Alkali modified bentonite (B-NaOH), chitosan modified bentonite
(B-CS) and chitosan-alkali modified bentonite (B-NaOH-CS) were obtained. Using sodium bentonite (B) as the
control, we characterized physicochemical properties of three kinds of modified bentonite through infrared
spectrometer, scanning electron microscope and specific surface area analyzer, and analyzed their adsorption
capacities for Cr (VI). [Result] A strong N—H absorption peak and an enhanced C—H symmetric bending peak
appeared in B-NaOH-CS. The surface sheet structure of B-NaOH-CS was curly dispersed, the interlayer pores
increased, and the specific surface area was 1.2 times more than other bentonite. When the concentration of Cr (VI)
was 50 mg-L™', the equilibrium adsorption capacity of B-NaOH-CS for Cr (VI) was 1.03 mg-g ', which was 1.84
and 1.26 times of B-NaOH and B-CS respectively. The quasi-second-order kinetic equation and Langmuir equation

could more accurately describe adsorption process of bentonite for Cr (VI). Thermodynamic parameters of /AH>0,
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AG<0and AS>0 indicated the adsorption process of bentonite for Cr (VI) was endothermic, spontaneous and
disordered. B-NaOH had the maximum adsorption capacity for Cr (VI) at pH = 7.0, while B-CS and B-NaOH-CS at
pH = 3.0. [ Conclusion] B-NaOH-CS has the best adsorption effect on Cr (VI). Modified bentonite plays an

important role in Cr (VI) pollution remove.
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ST F A 3 BRI, B X Cr(VL) HW B f /)N

B. B-NaOH. B—CS. B-NaOH-CS 5} Cr(VI) [¥]
Wt sh J1 S A SR INE 1. #E—HB 1% T7
FETT 5 R 1~ 1 R Bt B 5 5B (0,364 0,56,
0.82.1.03 mg-g™") fHZER K, HKRE N 0.798~

0.890, 48L& F% BE A0IC: HE i ah 1 # AR RECN
0.911~0.965, Frf3 4l & #124E (0.37. 0.55. 0.82.
1.04 mg-g ") Sl E E R . SHE—RS) %
FAAE SRR, HE 20 3h ) A AR R B S R 4 PR b
FIXF Cr(VI) HIWR B 3l 77 22 HL A o

F 1 WEIFIRT Cr(VI) BRI HZESH
Table 1 Adsorption kinetic parameters of adsorbents for Cr(VI)

HE— BN 1 E i) PA Lk S

Frdh Quasi-first-order kinetic equation Quasi-second-order kinetic equation
Sl o mgg) kl , 0. /mge) k ,
B 0.35 0.025 0.872%* 0.37 0.101 0.911**
B—NaOH 0.51 0.049 0.798** 0.55 0.136 0.938**
B—CS 0.76 0.076 0.823** 0.82 0.131 0.958**
B—NaOH-CS 0.98 0.104 0.890%** 1.04 0.140 0.966%*

1) 0,150, AT FHRMF ;5 k5 k™R 8 R r Ak m AR X R %7 R 2 F 48K (P<0.001, Pearsonk)
1) Q. and Q, ; indicated equilibrium adsorption capacity; k; and k, indicated adsorption rate constant; » indicated correlation

coefficient; “**” indicated significant correlation (P<0.001, Pearson method)

2220 CRMERE 4 R R X paaf BB ics epics
Cr(VI) (MR, PRI DLR N s T, ~ B30
BRI R A 15 gL' I, B4 T e 72 7 T 25 1)
7, B. B-NaOH. B-CS. B-NaOH~CS X} Cr(VI) {fJ @ g |
TR SRR AN o povaon-cs> B E o)
e, B-CS™qe, B-NaOH e, 5o N | BHE— DRI + . 'E 06r
BAC B PR B Cr(VT) S0, R S AT 7 Foar

NI 20 40 60 80 100 120
K2 B W B RS Cr(VI) 1/ W B 45 i 5 Y pICr (VDY/(mg-L™)

AR, 25 R B8 Langmuir W 45806 7 211 B 4 RERMFIX Cr(VD) BIRMES 2%

;FH 5‘,% @ /% i& (0 977.0.961.0.987.0.98 8) f%‘ T Fig. 4 Adsorption isotherm of different adsorbents for Cr(VI)

(=)

=2 TEWRMIFIRF Cr(V]) & Langmuir #1 Freundlich 25845 %"

Table 2 Langmuir and Freundlich isotherm parameters of adsorbents adsorbing Cr(VI)

FBE Langmuir Freundlich
Sample q,/(mg-g™) K, r n Ky r
B 1.67 447.665 0.977** 1.130 43.658 0.977**
B-NaOH 1.91 470.368 0.961%* 1.517 49.749 0.929%*
B-CS 2.55 698.740 0.987** 1.694 56.259 0.959%*
B-NaOH-C
g 2.72 979.747 0.988%** 1.889 60.036 0.951%**

1) g, R TA0Fe BRI 25 K Kpk TR 4G rR TAR % R 2Gnk FA M R 2GR AT AZRS BRAT; “**” RrRH
X (P<0.001, Pearson %)

1) g,, indicated saturated adsorption capacity; k; and k, indicated adsorption constant; » indicated correlation coefficient; n
indicated adsorption coefficient; R; indicated dimensionless separation factor; “**” indicated significant correlation (P<0.001,

Pearson method)
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Fig. 5 Effects of different adsorbents on dimensionless
separation factor (R;)
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AS 535124 0.08.0.13.0.17. 0.22 kJ-mol "K', W Bf
Y5 AH 750N 9.43,22.75.34.39.47.79 kJ-mol ',
AG<0, NS>0, AH>0 32 B W B It F2 A2 Vi L A 386
(19 R VR A B 21, gk B v 2 Rt S B HEAT o
2.2.4 pH xF Cr(Vl) R % 8%k 6 2 TA
7] pH 414 F B. B-NaOH. B—CS. B-NaOH—CS X}
Cr(VD) WPt & A28 4k . pH A 1.0~11.0 IF, 4 gt
A Cr( VL) B W B & # 2 Se B4 n J5 i . pH =
7.0 if, B B-NaOH Xf Cr(VI) ft W Bt & 15 2 °F- 7,
P 45 W B 5 3 3 9 0.3940.56 mg-g s B—CS.
B-NaOH~-CS 7 14 2 A T X Cr(VI) A B 4F 1
By P BE, pH=3.0 B, X} Cr(VI) W5 Bt &35 21 °F 7,
PR B £ 43009 0.844 1.06 mg-g '

&3 TR Cr(V) A DFESE
Table3 Thermodynamic parameters of different
adsorbents adsorbing Cr(V])

B Sample  7/K AG/,I AH/,I Abj]/ .
(kJymol”) (kI'mol”) (kJ-mol -K™)
B 288 —13.743 9.43 0.08
298 —15.123
308 —15.365
B—NaOH 288 —14.509 22.75 0.13
298 —15.246
308 —17.084
B-CS 288 —15.389 34.39 0.17
298 —16.226
308 —18.825
B-NaOH-CS 288 —15.243 47.79 0.22
298 —17.064
308 —19.612

—
S
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e o
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W B B /(mg-g )
Adsorption capacity
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to
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Fig. 6 Effects of different pH values on adsorbents
adsorbing Cr(VI)
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