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Adsorption performance and mechanism of polyethyleneimine cross-linked bentonite

for Cr(VI) in aqueous solution

SUN Zhiyong" , ZHANG Yuchen', WU Xijun®
(1. School of Energy Engineering, Yulin University, Yulin 719000, China; 2. School of Architecture and Engineering,
Yulin University, Yulin 719000, China)

Abstract: In order to improve the adsorption capacity of bentonite, polyethyleneimine (PEI) was introduced onto
the surface of 3-aminopropyltriethoxysilane (APTES)-modified bentonite (APTES/Bent) by crosslinking reaction to
prepare PEI-crosslinked bentonite (PEI-APTES/Bent-4), which was characterised by FTIR, XRD and SEM. Taking
Cr(VI) in water as the adsorption target, the adsorption performance of PEI-APTES/Bent-4 was investigated, and its
adsorption mechanism and recyclability were explored. The results showed that PEI was successfully grafted onto
the surface of bentonite, and the abundant active groups of PEI dramatically promoted the removal of Cr(VI). The
optimum pH for adsorption was 2, and the adsorption capacity decreased with increasing pH. The adsorption of
Cr(VI) by PEI-APTES/Bent-4 conformed to the Langmuir isotherm model and pseudo-second-order kinetic model,
and the adsorption process was chemical adsorption and monolayer adsorption. The maximum theoretical adsorp-
tion capacity reached 137.50 mg-g™' at 313 K. Thermodynamic studies indicated that the adsorption was a spontan-
eous endothermic process. Based on the adsorption experiments, FTIR and XPS analysis, it is speculated that the

adsorption mechanism of PEI-APTES/Bent-4 for Cr(VI) is mainly electrostatic interaction, reduction, and chelation.
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After six cycles, the adsorbent still maintained good adsorption performance. PEI-APTES/Bent-4 has broad applica-

tion prospects for the removal of Cr(VI) from water.

Keywords: polyethyleneimine; bentonite; Cr(VI); cross-linked; adsorption
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Fig.1 Preparation process of polyethyleneimine cross-linked bentonite (PEI-APTES/Bent)
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Table1 PEI doping amount of different adsorbents
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Fig.2 FTIR spectras (a), XRD patterns (b) and TGA curves (c) of Bent, APTES/Bent and PEI-APTES/Bent-4
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Fig.3 SEM-EDS images of Bent ((a), (d)), APTES/Bent ((b), (¢)) and PEI-APTES/Bent-4 ((c), (f))
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Fig. 6 Effect of adsorption time on the adsorption capacity of Cr (V) (a) and kinetics model fitting: (b) Pseudo-first-order kinetic model;

(c) Pseudo-second-order kinetic model
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Table2 Kinetic model fitting parameters for Cr(VI|) adsorption on PEI-APTES/Bent-4

Pseudo-first-order

Pseudo-second-order

Adsorbent .
qe/(mg-g™")

K;/min™ R

q./(mg-g™) K,/(g'mg"-min™") R

PEI-APTES/Bent-4 78.39 0.1286

0.9898

131.06 0.0076 0.9997

Notes: g.—Amount of adsorption at equilibrium; K;—Quasi-first-order kinetic model constant; K,—Quasi-second-order kinetic model

constant; R>—Correlation coefficient.
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SARAE TS . el A, Rl R R Y
T+, Cr(VI) £ PEI-APTES/Bent-4 |- i) % i} fiE
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B 1 35 g W2 B AT R, 38 5 Langmuir #1 Freundlich

PR A U0 T A S I A o 2 o S 25 A5
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E/ Langmuir model (293 K)
s 60 | Langmuir model (303 K)
---- Langmuir model (313 K)
40 r —-= Freundlich model (293 K)
20 b — =~ Freundlich model (303 K)
---— Freundlich model (313 K)
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Fig.7 Isothermal adsorption model fitting of Cr (V) adsorption
by PEI-APTES/Bent-4

% 3 Langmuir #1 Freundlich {22! 2#]

Table 3 Langmuir and Freundlich model parameters

Langmuir Freundlich
T/K

qm/(mg‘g’l) KL/(L~mg’1) R, R KF/(mgl'(l/n)_Ll/n‘g—l) n R
293 132.02 0.4046 0.0049-0.1099 0.9869 58.98 6.475 0.8479
303 135.68 0.6558 0.0030-0.0708 0.9627 65.12 6.893 0.8711
313 137.50 1.2208 0.0016-0.03935 0.9565 71.11 7.468 0.8835

Notes: g,—Maximum adsorption capacity; K;—Adsorption equilibrium constant of Langmuir model; Kr—Adsorption equilibrium
constant of Freundlich model; n—Adsorption strength constant in the Freundlich model; R; —Separation constant.

UL, Langmuir LR C R %L (R?) B,
Hr g3 b a2 e 25 2 . RUIRAR
Cr(VI) ] B ¥ 7£ PEI-APTES/Bent-4 %% [fi }j 21/} T
JZ W BE o 3R B &R B (0<Ri<1) AT, PEI-
APTES/Bent-4 X Cr(VI) BB A Fl it B2, téh,
A Langmuir 55 i 2k #5181, PEI-APTES/Bent-4 1E
313K FXF Cr(VI) B3¢ % [} &t 137.50 mg-g, 5

SC T AT T A JE Al A R T - R R R0 R R ) 6
98 3 4 T 7% . PEI-APTES/Bent-4 3 FiL i} TF i
& I B Ry T
2.2.5 WA 12453 B

J T TR AL, SRR R 2
ZHCE A W RE R AL (AGY). K5 724k (AH®) FR 78
1k (ASY), G,
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Table 4 Comparison of Cr (VI) adsorption capacity between PEI-APTES/Bent-4 and other modified bentonite
Adsorbent Maximum adsorption capacity/(mg-g™") Ref.
CTMAB/Bent 27.472 [37]
AC-Fe;0,/Bent 29.32 [38]
Citric acid/MBent 16.67 [39]
Polyacrylic acid-Al/Bent 3.125 [40]
Fe,0,-PDA-SDBS/Bent 103.6 [41]
Chitosan-NaOH/Bent 2.72 [42]
Cetylpyridinium chloride/Bent 46.03 [43]
Chitosan/Bent 16.40 [44]
PEI-APTES/Bent-4 137.50 This study

Notes: CTMAB—Cetyltrimethylammonium bromide; AC—Activated carbon; PDA—Polydopamine; MBent—Magnetic bentonite;

SDBS—Sodium dodecyl benzene sulfonate.

AG® = —RTInK, (8)
qe
Ke = = %1000 9
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AG® = AH® —TAS° (10)
AH? AS©
1nl<c_-—+i (11)
RT ' R

Ao Ko AT 2R B R O BRAR SR
(8.314J-mol™.K™"); T MIEE (K).
2% 5 5y PEI-APTES/Bent-4 W% [ Cr(VI) 4 #& /1

S
W

x5 WM Cr(V)) IR AESHE
Table5 Thermodynamic parameters for adsorption

of Cr(VI)
AH’/(kJ-mol™)

T/K  AG’/(KJ-mol™) AS/(J-mol™.K™)

293 -6.511
303 -7.439 23.73 103.11
313 -8.578

Notes: AG’—Gibbs free energy change; AH—Enthalpy change;
AS"—Entropy change.
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Fig.8 FTIR spectra of PEI-APTES/Bent-4 before and after
adsorption of Cr (VI)
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Fig.9 XPS spectra of PEI-APTES/Bent-4 before and after adsorption of Cr(VI): (a) Full spectrum; (b) Cr2p spectrum
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Fig.10 Mechanism diagram of PEI-APTES/Bent-4 adsorption of Cr (VI)
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