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Preparation of PVA/Graphene Oxide/Fe,0, Magnetic Microgels as an
Effective Adsorbent for Dye Removal

Seongmoon Go*, Keunseong Kim*, Eunsol Wi*, Rae-Su Park***, Hong-Ryun Jung****,
Changhun Yun***, Mincheol Chang***"

ABSTRACT: In this study, polyvinyl alcohol (PVA)/graphene oxide (GO)/iron oxide (Fe,O,) magnetic microgels were
prepared using a microfluidic approach and the dye adsorption capacity of the microgels was confirmed. The
adsorption capacity (q,) of the gels was evaluated by varying the dye concentration, pH, and contact time with the
microgels. The dyes used in this work were methylene blue (MB), crystal violet (CV), and malachite green (MG), and
microgels showed the highest adsorption capacity (191.1 mg/g) in methylene blue. The microgels exhibited the highest
adsorption capacity in the dye aqueous solution at pH 10 due to the presence of atomic nitrogen ions (N*) on the dye
molecules. The adsorption isotherm studies revealed that the Langmuir isotherm is the best fit isotherm model for the
dye adsorption on the microgels, indicative of monolayer adsorption. The kinetic analysis exhibited that the pseudo-
second order model fits better than the pseudo-first order model, confirming that the adsorption process is
chemisorption. In addition, the magnetic microgels showed good reusability and recovery efficiency. It was confirmed
that the adsorption capacity of the gels maintains more than 70% of the initial capacity after 5 times of cycle
experiments.
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Fig. 1. (a) Schematic illustration of the microfluidic device for
the preparation of W/O/W double emulsion drops. (b)
Cartoons showing the procedure of magnetic microgel
production by osmotic pressure

Fig. 2. OM images from double emulsions to microgels: (a) dou-
ble emulsion drops, (b) shrinkage of the double emulsion
drops under hypertonic conditions, and (c) microgels
obtained by oil shell rupture
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Fig. 3. FTIR spectra of GO/PVA powder mixture and GO/PVA/
Fe,O, composite microgels
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Fig. 4. UV-VIS spectra for dye adsorption from aqueous solu-
tions using gels: (a) methylene blue, (b) crystal violet, and
(c) malachite green at various time intervals
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Fig. 5. (a) Effect of initial concentration of MB, CV and MG
adsorption capacity of microgels (initial dye concentra-
tion ranging from 100 to 3000 mg/L, solution pH 6, dose
0.05 g, room temperature for 3 h). (b) Time profiles of MB,
CV, and MG adsorption onto gels (initial dye concentra-
tion 3000 mg/L, solution pH 6, dose 0.05 g, room tem-
perature for 3 h). (c) Adsorption of dye on gels as a
function of pH (initial dye concentration 3000 mg/L, solu-
tion pH ranging from 2.0 to 10.0, dose 0.05 g, room tem-
perature for 3 h)
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Fig. 6. Adsorption isotherm models for MB, CV, and MG onto
microgels: (@) Langmuir isotherm model and (b) Freun-
dlich isotherm model (dye concentration range 100-3000
mg/L, solution pH 6, dose 0.05 g, room temperature, and
3 hours)
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Table 1. Calculated parameters of adsorption equilibrium isotherms for each dye onto microgels

Species of dyes
Isotherms Parameters
MB CV MG
q,, (mg/g) 43831 355.02 240.98
Adsorption Langmuir b (L/mg) 0.0004 0.0005 0.0004
equilibrium >
. R 0.9098 0.9656 0.9205
isotherms
K, (L/mg) 0.785 1.175 0.185
Freundlich n 1.369 1.501 1.353
R? 0.8807 0.9520 0.8967




Preparation of PVA/Graphene Oxide/Fe;O, Magnetic Microgels as an Effective Adsorbent for Dye Removal 103

Table 2. Kinetic parameters for the adsorption of each dye onto microgels

Species of dyes
Models Parameters
MB CvV MG

Pseudo k, (min™) 0.027 0.025 0.024

Adsorption first Qe cat (Mg/g) 191.09 189.04 114.96

kinetics order R? 0.9557 0.8897 0.9259
Pseudo k, (g/mg min) 6.67x 107 4.00x10° 471%10°

second Qe, cal (Mg/g) 256.41 284.90 188.32

order R? 0.9968 0.9750 0.9661
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Fig. 7. Fitting of kinetic models for adsorption of MB, CV, and
MG onto microgels: (a) pseudo-first-order model and (b)
pseudo-second-order model (initial dye concentration
3000 mg/L, solution pH 6, dose 0.05 g, and room tem-
perature)
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B crystal Violet
[l Malachite Green

200[(D)

1 2 3 4 5
Number of cycle

Fig. 8. (a) Photograph of magnetic microgels responsive to a
magnet. (b) Cyclic efficiency of adsorption behavior after
desorption up to five cycles for each dye
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