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ABSTRACT

Different graphene oxides (GO) (GO1.5, GO3, GO4.5, and GO6) were synthesized
and characterized. Cationic dyes, including Methylene Blue (MB) and Crystal Violet
(CV) were used as organic pollutants. The amount of dye adsorbed on the synthesized
adsorbents increases by increasing the contaminant concentration. The results
indicated that contaminant adsorption capacity is enhanced by enhancing the
adsorbent dose and then decreases to some extent. As the adsorbent dose increases,
the active sites will be more accessible. The adsorbent particles are agglomerated at
values higher than the optimal value of the absorbent. Thus, the amount of dye
removal is reduced. The adsorption thermodynamic data presented that the negative
AG of CV and MB removal by the synthesized adsorbents presented physical and
spontaneous adsorption. Also, the positive values of AH and AS showed the
endothermic properties of adsorption and the increase of dye irregularity on the
adsorbent surface. The isotherm data indicated that MB and CV removal obeyed the
Langmuir isotherm model. It means the adsorption process was carried out in specific
homogeneous areas of the adsorbent. The results showed that MB and CV adsorption
followed PSO kinetics.
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Figure 1: SEM images of synthesized adsorbents (GO1.5, GO3, GO4.5, and GO6).
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Table 1: Surface area of synthesized adsorbents (GO1.5, GO3, GO4.5, and GO6).

Mean pore diameter

Adsorbent
GO1.5 0.9621 0.1442 241.6
GO3 1.5861 0.6627 1427.1
G0O4.5 2.0628 0.9982 1935.5
GO6 2.1824 1.0542 1964.2
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Figure 2: TGA analysis of synthesized adsorbents (GO1.5, GO3, GO4.5, and GO6).
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Figure 3: Zeta potential of synthesized adsorbents (GO1.5, GO3, GO4.5, and GO6).
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Figure 4: Pseudo-first-order kinetics of dyes adsorption by synthesized adsorbents (GO1.5, GO3, GO4.5 and GO6) (a) MB and (b) CV.
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Figure 5: Pseudo second-order kinetics of dyes adsorption by synthesized adsorbents (GO1.5, GO3, GO4.5 and GO6) (a) MB and (b) CV.
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Figure 6. Intraparticle diffusion kinetics of dyes adsorption by synthesized adsorbents (GO1.5, GO3, GO4.5 and GO6) (a) MB and (b) CV.
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Table 2:Kinetic parameters of dye adsorption (MB and CV) by synthesized adsorbents (GO1.5, GO3, GO4.5 and GO6).

Pseudo-first order Pseudo-second order Intraparticle Diffiusion

i II--------

GO1.5 0.04588 0.44837 0.00384 0.999074 35.74805 3.017607 0.722775

GO3 19 0.051701 0.52838 89.95994 0.003364 0.999156 52.18385 3.9201 0.679205

M GO4.5 51 0.0836 0.78744 218.8958 0.002613 0.999744 155.9104 6.73441 0.608113
GO6 63 0.100901 0.681973 233.4056 0.002923 0.999857 184.242 5.101064 0.741233

GO1.5 28 0.062987 0.670985 65.4991 0.002812 0.998661 30.42335 3.505388 0.746311

GO3 141 0.09157 0.667513 300.4011 0.000582 0.997932 135.6494 16.38609 0.768846

Y GO4.5 3 -0.01704 0.069 304.0662 0.000721 0.998581 159.4318 14.49337 0.772988
GO6 101 0.109813 0.715992 106.1739 0.000869 0.990522 28.57094 7.347046 0.777065
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Table 3: Isotherm parameters of dyes (MB and CV) adsorption by synthesized adsorbents (GO1.5, GO3, GO4.5 and GO6).

__ CV-GO1.5 CV-GO3 CV-GO4.5 CV-GO6
Qo0 128 327 321 108

Langmuir KL 0.0168 0.1932 0.2348 0.1369
R2 0.7995 0.9914 0.9937 0.9930
KF 2 60 72 22
Freundlich 1/n 0.8604 0.5064 0.4479 0.3972
R2 0.9384 0.9122 0.9331 0.9399
KT 0.1979 1.7885 2.4858 1.3659
Temkin Bl 26 71 66 23
R2 0.9299 0.8891 0.8988 0.9103
Isotherm Parameter
MB-GO1.5 MB-GO3 MB-GO4.5 MB-GO6
Qo0 65 93 217 233
Langmuir KL 0.4399 0.2395 3.1946 1.97122
R2 0.9970 0.9975 0.9998 0.9999
KF 34 35 149 133
Freundlich 1/n 0.1691 0.2418 0.1010 0.1741
R2 0.9866 0.9534 0.4910 0.6548
KT 7 7 49074 354
Temkin Bl 7.5981 14.6077 14.7755 24.6409
R2 0.8995 0.9227 0.6512 0.7895
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Figure 7: Thermodynamics of dyes adsorption by synthesized adsorbents (GO1.5, GO3, GO4.5 and GO6) a) MB and b) CV.
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Figure 7: Continued.
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Table 4: Thermodynamic parameters of adsorption of dyes (MB and CV) by synthesized adsorbents (GO1.5, GO3, GO4.5 and GO6).

m

Adsorbent

288
GO1.5 298
308

288
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298

308

288
GO4.5
298
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288
GO6
298

308

Vv
2

-432 R? 0.9947 -1805 R 0.9637
-1400 AH 53181 -829 AH 77670
-3231 AS 183.2 -3464 AS 263.4

AG Parameters Value AG Parameters Value
-1004 R? 0.9800 -4608 R? 0.9751
-2327 AH 37104 -5566 AH 22985
-3651 AS 132.3 -6524 AS 95.8

AG Parameters Value AG Parameters Value
-3832 R? 0.9957 -3818 R? 0.9968
-4601 AH 18321 -4596 AH 18587
-5370 AS 76.9 -5373 AS 77.80

AG Parameters Value AG Parameters Value
-3738 R? 0.9994 -696 R? 0.9954
-4885 AH 29297 -2668 AH 56091
-6032 AS 114.7 -4639 AS 197.2
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Figure 8: Effect of pollutant concentration on the adsorption of dyes by synthesized adsorbents (GO1.5, GO3, GO4.5 and GO6) (a) MB and (b) CV
(solution volume (100 mL), adsorbent amount (10 mg) and pH (7)).
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Figure 9: Effect of pH on the removal of pollutants by the synthesized adsorbents (GO1.5, GO3, GO4.5 and GO6) a) MB and b) CV (solution volume
(100 mL), adsorbent amount (10 mg) and dye concentration (40 mg/L)).
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Figure 10: Effect of adsorbent amount on adsorption of pollutants by synthesized adsorbents (GO1.5, GO3, GO4.5, and GO6) (a) MB and (b) CV
(solution volume (100 mL), dye concentration (40 mg/L) and pH (7)).

PIP-TY F (Y)Y /) sl s wiladlae ele & s



¥ry

eI 13K Slgo 3 Sailaww 9 039 2l 1 Saoliz 390 55 /YHSeD 9 Sljue g8 )3

(b) CV 820
280 1

mGO1.5

240 -
200 1

160 1

d (Mg/g)

120 1
80 1

40 1

0 0.005 0.008

mGO3

GO4.5 uGO6

0.01 0.012 0.015
Adsorbent (g)

VIR I R OV

Figure 10: Continued.
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Figure 11: Effect of contact time on adsorption of pollutants by synthesized adsorbents (GO1.5, GO3, GO4.5, and GO6), a) MB and b) CV (Solution
volume (100 mL), adsorbent amount (10 mg), dye concentration (40 mg/L) and pH (7)).
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