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This study aimed to evaluate the efficiency of graphene nano-sheets in the removal of
cationic dyes Rhodamine B, Malachite Green, and Methylene Blue from aqueous
solutions. The experiments were conducted by investigating the effects of various
parameters, including adsorbent dosage (1-5 g/L), pH (3-7), contact time (10-180
minutes), and temperature (20-60 °C). The adsorption efficiency of Malachite Green
under optimal conditions (pH = 4, temperature = 40 °C, adsorbent dosage = 2 g/L,
contact time = 90 minutes) was 88.15%, which was higher than that of the other dyes.
Isotherm studies showed that the adsorption of Malachite Green and Methylene Blue
followed the Langmuir model (R? > 0.90), while Rhodamine B followed the
Freundlich model (R2 = 0.99). According to the Langmuir model, the maximum
adsorption capacities (qmax) for Rhodamine B, Malachite Green, and Methylene Blue
were found to be 5.56, 5.65, and 11.78 mg/g, respectively. The kinetic data best fitted
the pseudo-second-order model (R2 > 0.98), indicating chemisorption.
Thermodynamic parameters also confirmed that the adsorption process was
endothermic and spontaneous. Overall, the results demonstrated that graphene nano-
sheets are an efficient, cost-effective, and environmentally friendly adsorbent for the
removal of cationic dyes from industrial wastewater.
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Figure 4: a) Adsorption capacity, and b) Adsorption efficiency on three dyes: Rhodamine B, Malachite Green, and Methylene Blue (temperature
25°C, dye concentration: 20 ppm, extract volume: 20 mL, and contact time: 30 min).
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Figure 5: a) Effect of pH on the efficiency of dye adsorption by graphene nano-adsorbent, and b) Effect of pH on the zeta potential of graphene

nano-adsorbent at different

pH.
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Figure 6: Effect of temperature on the efficiency of dye adsorption by graphene nano-adsorbent (adsorbent amount: 2 g, dye concentration: 20 ppm,
extract volume: 20 ml, pH = 4, and contact time: 30 min).
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Table 1: Results of thermodynamic parameters of the adsorption of Machete green, Rhodamine B and Methylene blue dyes by graphene adsorbent

AG(KJ /mol)

T(K)

-16.01 -12.10
-16.46 -12.78
-17.95 -13.62
-18.57 -14.68
-21.28 -15.79
AH (KJ/ mol) 20.85 AH (Kj.J/ mol)
AS (J/mol) 125.32 AS (J/mol)

oo Jolsd plos Glyiear aidos A (loj ol o (57 adye
3 glaads e Jolsy ley o eolatuwl (gam Jolie j0 ¢ Gl
sl 0ad )55 Jolas loj 5l j2eS” (k2 $ B Hsboas anlllan o
Sl (el £) CIlS o 3 — S sladdglail slocy jeelS gils
(Y) wloais eoliiwl o slaJglxe I B pualdg, Bi> (gl aS
AAIND (¥l e o5l b s Cori¥le dal35, o Slhac Amglie ;o
Ay 40 9 (Mo, PVIYD) ol ol ctlo 1) o Slos (3 5o oy
Iy (e 0 YYIT) oS i leal, B (pslog, 9 28,5 (18 gum
a Loyl ol daliS) JoSge Jlisle s lacsglas oyl ols oyLis
ool by LS e < JsSe o3hal s

(F) conl las o (gl laxe

100 -
90 ~

92.03

-17.27 393
-22.14 303
-24.44 313
-25.8 323
-26.32 333
15 AH (KJ /mol) 78.16
AS (J/mol) 361.63

ol loy 1 -0-Y
= (MG) s £ i¥le 9 (MB) 5l (Lo slali55; 0l anl )
Obey 3l b Olsrean g adsl pH Ll -t 5o (31,5 Q3> 69,
Joles) 3l o 1y 0,5 Y 5l ool b b islesT s o
S ke Vo adgl elale (Jodoe 2 ee¥e p3 )5 0/ ¥
b bl (ol a0 YAY (slod 5 yid (oo Vo Jolone pona ¢ 2
5039 gl 4l BLSS 15 LaliSS) Qdx ols i b
DIz g5 iy ghw JLab Gl (05 gt b s
500t eloal Gl pelaw ¢ Soe 5l e (Y JS5) il talS
O 2oz 003l Dl (YA) aps oo s I ) i ds SUles
elil 5l slaslas 055 (pl 4 050 5ozl adBo VA 5 Q- slagileg
sebateds onlpl Sl 3 SVsb slagle; 10 ©dr GlaplSe (b

—&— Rhodamine B
—&— Methylene Blue

—e&— Malachite Green
—

80 H
70 A
60 -
50 A
40 -
30 -

20 { A—ik—
10

0 T T T T

Adsorption Efficiency (%)

—————

0 20 40 60 80

100 120 140 160 180 200

Time (min)
pH ‘J’"‘JL;"'“Y’ :a)La;W‘ppm Y")iu)u.lalc‘).u.l).lﬁ)f\d 1odl> )b.o.o) uﬁl; o> 5.\‘.' _]4.._,5_‘ Lh‘l.f.') ol ul.a..\.\l)fuuLou uLO))Jl A% JS.w

(ol F gl a0 Fe STy sles 5 F il

Figure 7: Effect of contact time on the efficiency of dye adsorption by graphene nano-adsorbent (adsorbent amount: 2 g, dye concentration: 20 ppm,
extract volume: 20 ml, pH= 4, and reaction temperature: 40 °C).
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Figure 8: Isotherms and kinetics of the adsorption of Malachite green(e ), Rhodamine B(a ) and Methylene blue (m) dyes by graphene adsorbent,

a) Langmuir adsorption isotherm, b) Freundlich adsorption isotherm, ¢) Temkin adsorption isotherm, d) pseudo-first-order adsorption kinetics, )
pseudo-second-order adsorption Kinetics, and f) diffusion.
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Figure 8: Continue.
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Table 2: Parameters of isotherm models for dye adsorption by graphene adsorbent.

5.56 5.65

4n(M/g) 11.78
g exp(mg /g) 5.34 5.04 9.35
Langmuir isotherm
K, (L /g) 0.53 28.62 0.62
R? 0.98 0.97 0.94
K ((mg/g) (L/mg)¥" 2.95 0.98 4.32
Freundlich isotherm 1/n 0.27 0.35 0.47
R? 0.99 0.67 0.75
A (L/g) 14.91 8.16 6.86
Tamkin isotherm B (J/mol) 0.93 0.48 2.53
R? 0.94 0.63 0.90
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Table 3: Parameters of kinetic models of dye adsorption by graphene adsorbent.

Kinetics Models Rhodamine B Malachite Green Methylene Blue

q.(mg/g)
Pseudo-first-order k1 (1/min) 0.005
R? 0.82
qe (mg/g) 2.98
Pseudo-Second -order k2 (g/mg. min) 0.08
R? 0.98
C (mg/g) 1.72
Diffusion kin ((mg /g.min1/2) 0.08
R? 0.88

L3S, Gis o dalise glodls Gis cub b anlic :FF Jaas

Table 4: Comparison of the adsorption of capacity of different adsorbents in removing dyes.

0.004

0.41

9.23

2.17e13

8.46

0.05

0.81

0.03

0.79

7.49

0.06

0.99

3.19

0.29

0.95

Devonian sand
Chalcedonite
Rhodamine B Halloysite
Graphene oxide
Rice husks
Factory solid waste
Chitosan ionic liquid beads
Graphene oxide
Malachite Green
Saw dust activated carbon
Natural zeolite
Activated zeolite
Tamarind fruit shell

Methylene Blue zeolite/FesO,

Graphene oxide

271

4.25

5.56

6.5

10.06

8.07

5.65

0.30

0.25

0.67

1.27

36

11.78

(44)
(44)
(44)
This study
(45)
(46)
(47)
This study
(48)
(49)
(49)
(50)
(51)

This study
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Figure 9: SEM analysis results of a) methylene blue, b) malachite green, and c) rhodamine B and EDS results of d) methylene blue, €) malachite
green and f) rhodamine B.
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