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Adsorption of Cr(VI) on porous sodium alginate/polyethyleneimine

hydrogel beads and its mechanistic study

GUO Cheng, HAO Junjie, LI Mingyang , LONG Hongming , GAO Xiangpeng'
(School of Metallurgical Engineering, Anhui University of Technology, Maanshan 243002, China)

Abstract: The sodium alginate (SA) is a biomass material which is abundant and can be easily acquired. It is cur-
rently used by many scientific researchers in laboratory research to prepare adsorbents to remove metal ions from
aqueous solutions. However, SA based adsorbents generally exist as hydrogels, which are low in specific surface
areas, slow in adsorption rates and have low adsorption capacities. In this study, calcium carbonate and polyethy-
leneimine (PEI) were added to SA matrix, and glutaraldehyde was used as a crosslinking agent to prepare porous
SA/PEI beads via freeze-drying. The adsorption characteristics of synthesized adsorbent for Cr(VI) in aqueous solu-
tion were studied. The adsorption behaviors of Cr(VI) ions were evaluated by varying the experimental conditions
including pH values, initial metal ion concentrations, adsorption temperature and adsorption time. Adsorption ki-
netics and thermodynamic models were applied to analyze the adsorption process. Characterization methods, in-
cluding FTIR, Zeta potential, SEM, and XPS were comprehensively used to analyze the synthesis mechanism of
SA/PEI beads and the mechanism of Cr(VI) adsorption. The results show that the removal rate of Cr(Vl) by SA/PEI
beads is negatively related to the initial concentration; the adsorption process conforms to the pseudo-second-or-

der kinetics and Langmuir isotherm adsorption model, and the adsorption reaction is a spontaneous endothermic
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process. When the temperature is 318.15 K and the pH value is 2, the Langmuir isotherm adsorption fitting shows

that the maximum adsorption capacity is 262.83 mg/g. The adsorption mechanism of SA/PEI beads on Cr(VI) is

mainly physical adsorption dominated by electrostatic interactions.

Keywords: sodium alginate; hydrogel; adsorption mechanism; Cr(Vl); adsorbent; chemical modification
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Table1 Various reagents and properties

Reagent Property

Sodium alginate Viscosity: 200-500 mPa.s

Polyethyleneimine Molecular weight M,,=600
Glutaraldehyde Purity 25%-28%

CaCOgy Analytical reagent
1,5-Diphenylcarbohydrazide Analytical reagent
K,Cr,0, Analytical reagent

CaCl, Analytical reagent
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Fig.1 Major fabrication steps of sodium alginate/polyethyleneimine (SA/PEI) hydrogel beads
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Fig.5 Effects of temperature and Cr(VI) concentration on Cr(VI)
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2 SA/PEI BEESIKIRH Cr(VI) BN ZSH
Table 2 Thermodynamic parameters of Cr(V|) adsorbed by
SA/PEI hydrogel beads

T/K InK. AG/(kKJ-mol™) AH/(kJ-mol™) AS/(J(mol-K)™)

298.15 1.83 -4.54
308.15 198 -5.07 17.52 74.58
318.15 245 -6.48

Notes: T—Absolute temperature; K.—Equilibrium constant; AG—

Gibbs free energy; AH—Enthalpy change; AS—Entropy change.
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Fig.8 Adsorption kinetics of Cr(VI) by SA/PEI beads
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% ] Langmuir Fl Freundlich %5 Ji& M B} A5 74 2]
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F1318.15K XF Cr(VI) #4705 . Ry i Langmuir
T R U — AT o B 7P, B ORI
W PR S A BT, Y 0<Ri<1 B, AT F
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%3 SA/PEIERIIKIRM Cr(VI) MZh hEEEBESH
Table 3 Kinetic parameters of pseudo-first/second-order models for Cr(V|) adsorption by SA/PEI hydrogel beads

Pseudo-first-order kinetic model

Pseudo-second-order kinetic model

Co/(mg.Lil) -1y-1 -1 2 -1)-1 ~1 2
Ky/(mg(gh™)™")  g./(mgg™) R Ky/(mg(gh™)™)  g./(mgg™) R

100 0.5829 91.3769 0.9900 0.0101 99.0000 0.9473

200 0.5031 167.3778 0.9602 0.0036 191.4030 0.9433

Notes: Cy—Initial concentration of Cr(VI); K;, K,—Rate constants for pseudo-first-order and pseudo-second-order equations, respectively;

g.—Amounts of metal adsorbed at equilibrium; R*—Goodness-of-fitting.
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Fig.9 Fitting of Langmuir and Freundlich isotherm adsorption models

for adsorption of Cr(VI) by SA/PEI hydrogel beads

A, 5 ERTREE R A, WA, KRBT
7 W B R B B n (4.2827. 4.1841 Fil 4.8828) #BAE
1-10 JL N, UiBH SA/PEI BE L ER X T Cr(VI) &2—
TP S R A 59D

% 570 SA/PEI BE i Bk 55 & 418 1Y SA JE W Bt
A Br Cr(VI) MR bugg o>, ml A, A5 T il
#19 SA/PEI ¢ i BR7E 318.15 K I 1) 5 K W o 25
9 262.83 mg/g, LT H Al T 2 4z 18 #Y SA FH W
FIXF Cr(VI) B fft 75 i, 2 B SA/PET B Ji BR#F 52

% 4 SA/PEI 8Bk EBR Cr(VI) B Langmuir #0 Freundlich &R 248 B &4
Table 4 Parameters of Langmuir and Freundlich isotherms on Cr(V|) removal by SA/PEI hydrogel beads

Langmuir isotherm Freundlich isotherm
T/K

Ky/(L'mg™) m/(mg-g™") R K/(L'mg™) n R
298.15 0.1113 233.31 0.9587 71.24 4.2827 0.9337
308.15 0.1286 242.07 0.9679 74.67 4.1841 0.9438
318.15 0.1837 262.83 0.9826 99.09 4.8828 0.9077

Notes: K; —Langmuir isotherm constant; Kz, n—Two Freundlich isotherm constants; g,,—Maximum metal uptake capacity.

&5 SA/PEIER3k S EIRER SA BRMIFIERR Cr(VI) 1$AELLER
Table 5 Comparison of adsorption capacity of Cr(V|) removal by SA/PEI hydrogel
beads and others reported SA based adsorbents

Adsorbent Adsorption capacity/(mg-g™) Reference
SA-polyaniline nanofibers 75.82 [16]
TEPA functionalized alginate beads 77.00 [29]
Nanoscale zerovalent iron/biochar/Ca-alginate beads 86.40 [30]
Nano zero-valent iron/carbon/alginate composite gel 35.25 [31]
Magnetic nano-hydroxyapatite encapsulated alginate beads 29.14 [32]
Fe nanoparticles embedded graphene oxide alginate beads 33.90 [33]
SA/PEI 262.83 This work
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Fig. 10 FTIR spectra of SA and SA/PEI hydrogel beads
before and after Cr(VI) adsorption
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Fig. 11 SEM images and EDS spectra of SA/PEI hydrogel beads before ((a)-(c)) and after ((d)-(f)) Cr(VI) adsorption
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Fig. 12 XPS spectra of SA/PEI hydrogel beads before and after adsorption of Cr(VI)
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