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a b s t r a c t
The present work describes the removal of Direct Yellow 50 from an aqueous solution by graphene 
oxide modified with 4-aminodiphenylamine (GO-A). The final adsorbent was characterized by 
carbon, hydrogen, and nitrogen analysis, Brunauer–Emmett–Teller technique, Fourier transform–
infrared resonance spectroscopy, and scanning electron microscopy. Batch studies were carried out 
to investigate the effect of experimental factors such as contact time (5–120 min), initial dye con-
centration (10–80 mg/L), and temperature (25°C, 35°C, and 45°C) on the GO-A adsorption of dye. 
The linear and non-linear forms of kinetic and isotherm models were also investigated. The isotherm 
and kinetic data of dye were correlated reasonably well by non-linear Freundlich and Elovich models, 
respectively. The thermodynamic studies showed that the dye adsorption onto GO-A is a sponta-
neous, favorable, and exothermic process. Additionally, dye isotherm studies revealed that maxi-
mum dye adsorption capacities of 10.71, 8.03, and 5.71 mg/g were achieved for 25°C, 35°C, and 45°C 
temperatures, respectively. It can be collected that GO-A could be applied as an effective adsorbent 
for the removal of dye.
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1. Introduction

Dyes emitted from textile, rubber, paper, and dye 
manufacturing to the aqueous environment are toxic com-
pounds. Pigments and dyes have serious threats such 
as carcinogenic, mutagenic, and teratogenic hazards for 
humans, animals, and other living organisms in the envi-
ronment [1]. A variety of dyes, including anionic (direct, 
reactive, and acid dyes), cationic (basic dyes), and non-ionic 
(disperse dyes), are utilized in industrial dyeing processes 

[2]. Direct Yellow 50, as an anionic dye, has the highest 
value of solubilization capacity [1]. This dye is frequently 
used in the dye industry, hence, it is necessary to remove 
the Direct Yellow 50 from wastewaters due to its toxic 
nature and high solubility. Currently, many procedures 
have been applied to remove the dyes from the aqueous 
solution, which include coagulation, chemical oxidation, 
flocculation, adsorption, and advanced oxidation processes 
[3]. The adsorption technique has been found to be supe-
rior due to reasons such as its low cost, high efficiency, easy 
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design, simple operation, without creation of sludge, low 
energy requirement, available adsorbents, and biodegrad-
ability [2,4,5].

To date, a vast diversity of adsorbents has been tested 
for the removal of dyes from wastewater, including acti-
vated carbon, graphene oxide (GO), clay, zeolites, alumina, 
fly-ash, and silica [5–8]. Among these, GO has been indi-
cated to be an efficient adsorbent for the removal of pol-
lutants from wastewater [7]. Graphene is an allotrope of 
carbon including the flat single sheet of graphite with sp2-
bonded carbon atoms [5]. GO is the graphene derivative 
that contains oxygen functional groups (carboxyl, hydroxyl, 
and epoxyl groups) [9]. These functional groups improve 
interactions with organic dyes [10]. Moreover, the reactive 
oxygen groups increase the potential of modification for 
the GO surface [10]. In recent years, GO has received wide 
interest as an adsorbent because of its environmentally 
friendly nature, chemical stability, and cost-effectiveness 
[11,12]. Practically, GO interactions are based on the hydro-
gen bonding, electrostatic interaction, and π-π binding [13]. 
Researchers also reported that graphene-based materials 
could be easily regenerated several times with no signif-
icant changes in their adsorption capacity [14].

Therefore, in this paper, modified graphene oxide was 
prepared using 4-aminodiphenylamine as an adsorbent to 
remove Direct Yellow 50 from aqueous solutions. Effective 
parameters such as contact time, dye concentration, and 
temperature were examined on dye adsorption. The 
experimental data were investigated via the pseudo- first-
order, pseudo-second-order, intraparticle diffusion, and 
Elovich kinetic models. Langmuir, Freundlich, Dubinin– 
Radushkevich, and Temkin models were used to fit the 
equilibrium data. The thermodynamic parameters and 
activation energy of dye adsorption were also assessed. 
The linear and non-linear isotherm, kinetic, and thermo-
dynamic studies were applied to estimate the adsorption 
capacity of GO-A. 

2. Experimental

2.1. Materials

4-aminodiphenylamine (purity ≥ 98%), cyanuric chloride 
(purity ≥ 99%), graphite powder (<50 µm, purity ≥ 99.5%), 
KMnO4, NaNO3, H2SO4 (95%–97%), H2O2 (30%), HCl 
(37%), sodium acetate trihydrate, sodium chloride, acetic 
acid (100%), and methanol (purity ≥ 99.5%) were procured 
from Merck (Germany). Direct Yellow 50 and petroleum 
were obtained from Sigma-Aldrich Company and Romil 
pure chemistry, respectively. All chemicals used were of 
analytical grade.

2.2. Synthesis of modified graphene oxide

The Hummers and Offeman method was applied in 
the synthesis of GO [15]. At first, the graphite powder 
(10 g), NaNO3 (5 g), and H2SO4 (230 mL) were mixed for 
1 h at room temperature under stirring. Afterwards, 30 g of 
KMnO4 were moderately added into the solution. The mix-
ture was poured into an ice bath with constant stirring for 
2 h. Then, 460 mL of distilled water was gradually added 

to the mixture. Finally, 325 mL of H2O2 (30%) was added 
to stop the reaction and remove the residual metal ions. 
The mixture was heated between 90°C and 100°C, and kept 
stirred for 2 h. The resulting product was washed with HCl 
(3%) and distilled water several times until reaching pH 
7, followed by filtration and drying at 45°C for 2 d in an 
oven. The GO was characterized with different techniques 
such as carbon, hydrogen, and nitrogen analysis (CHN; 
Eager 300 for 1112, USA), Brunauer–Emmett–Teller (BET; 
BELSORP-mini II, Japan), Fourier transform–infrared res-
onance (FT–IR; Thermo Nicolet, model: NEXUS 870 FT–
IR, USA), and scanning electron microscopy (SEM; Zeiss, 
model: Sigma, Germany) analysis.

GO-A was prepared using the suggested process by 
Azizi et al. [5]. At first, 1 g of GO was dissolved in 40 mL 
of petroleum ether and stirred for 1 h. The solution was 
then ultra-sonicated for 30 min using an ultrasonic cleaner 
(WUC-A03H, Korea). Cyanuric chloride (1 g) was added 
to the mixture and the sample was agitated in a rotary 
shaker (IKA, KS 260 Basic, Korea) with 100 rpm for 10 h. 
After remaining in the same condition for 24 h, the suspen-
sion was washed with petroleum ether (25 mL). Finally, the 
product was stirred for 24 h and dried in an oven.

At the end of the procedure, 4-aminodiphenylamine  
(0.5 g) was dissolved in methanol and acetate sodium 
buffer solution (pH 5, 0.01 M) under stirring at room tem-
perature. Grafted GO with cyanuric chloride was added to 
the mixture and shaken at 70°C–80°C for 2 d. At last, the 
sample was washed with sodium chloride, acetate sodium 
buffer, distilled water, and methanol, respectively. After fil-
tering, the final product was dried at 40°C for 2 d. GO-A was 
characterized by CHN, BET, FT–IR, and SEM techniques.

2.3. Adsorption experiments

A batch sorption experiment was carried out for the 
removal of Direct Yellow 50 via GO-A. The samples were 
placed into the rotary shaker (IKA, KS 260 Basic, Korea) at 
150 rpm. Then, the solutions were filtered with a syringe fil-
ter (0.22 µm pore size). The concentration of Direct Yellow 
50 was determined by using a HACH spectrophotometer 
(DR/5000) at λmax = 396 nm. The amount of dye removal effi-
ciency (RE) and adsorbed dye (qt, mg/g) were evaluated in 
the following:

RE %� � � �
�

C C
C

t0

0

100  (1)

q
C C v
mt

t�
�� �0  (2)

where C0 and Ct represent the initial and the t-time concen-
tration of Direct Yellow 50 (mg/L), respectively, v and m are 
the volume of dye solution (L) and the mass of GO-A (g), 
respectively. 

2.4. Kinetic modeling

Kinetic experiments were carried out under the fol-
lowing conditions: initial dye concentration = 20 mg/L, 
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adsorption dose = 1 g/L, pH = 7, agitation speed = 150 rpm, 
at different temperatures (25°C, 35°C and 45°C), and a 
range of 5–120 min for contact time. Different models can 
be applied to explain the mechanism of solute sorption 
onto a sorbent. The sorption kinetics of the dye was inves-
tigated using the pseudo-first-order [7,16], pseudo-sec-
ond-order [7,16], intraparticle diffusion, [17] and Elovich 
models [17,18]. Linear and non-linear kinetic equations of 
adsorption are presented in Table 1.

The activation energy of dye adsorption (Ea) onto the 
adsorbent can be obtained by the following Arrhenius type 
relationship:

k A
E
RT
a

2 � �
�

�
�

�

�
�exp  (3)

where k2 and A are the pseudo-second-order constant (g/mg 
min) and the Arrhenius factor, respectively. Ea (J/mol) is the 
activation energy of adsorption and T is the solution tem-
perature (K).

2.5. Adsorption isotherms

The isotherm of dye adsorption on GO-A was studied 
at the contact time of 90 min, adsorption dose of 1 g/L, pH 
of 7, agitation speed of 150 rpm, at different temperatures 
(25°C, 35°C and 45°C), and the range of 10–80 mg/L for initial 
dye concentration. Adsorption isotherms present the inter-
action between the adsorbent materials and contamination. 
Langmuir, Freundlich, Dubinin–Radushkevich, and Temkin 
equations were tested in this work. In Langmuir isotherm 
model, the adsorption occurs in monolayers at homoge-
neous sites on the adsorbent [5,16]. The Freundlich isotherm 
is for the sorption on a heterogeneous surface and reversible 
adsorption [16,19]. The isotherm of Dubinin–Radushkevich 
is used to estimate the chemical or physical mechanism 
[5,17,20]. Temkin isotherm describes the heat of adsorption 
and the adsorbent–adsorbate interaction [21,22]. The linear 

and non-linear equations of isotherm have been given in 
Table 2.

2.6. Error functions

The error analysis was estimated to predict best-fitting 
kinetic and isotherm models. Therefore, in this study, the 
chi-square function (χ2) was calculated to determine the 
better kinetic and isotherm equation between linear and 
non-linear models. The χ2 equation can be expressed as [23]:

The best fit model was evaluated by the minimum 
level of χ2.
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2.7. Adsorption thermodynamics

To evaluate the effect of temperature on the adsorption of 
Direct Yellow 50 onto GO-A, the non-linear thermodynamic 
parameters were determined. The changes in free energy 
(ΔG°, kJ/mol), enthalpy (ΔH°, kJ/mol), and entropy (ΔS°, 
kJ/mol K) of the biosorption process were obtained using 
the following equations: 
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where Kl is the equilibrium constant (acquired from the 
Langmuir model), R is the gas constant (8.314 J/mol K), 
and T is the absolute temperature (K).

Table 1
List of adsorption kinetic models

Kinetic name Linear Non-linear Parameters

qt = Adsorbent capacity of adsorbate at t time (mg/g)
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.
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qe = Adsorption capacity of the adsorbent at equilib-
rium (mg/g)
k1 = Rate constant of pseudo-first-order adsorption 
(1/min)
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qe = Adsorption capacity of the adsorbent at equilib-
rium (mg/g)
k2 = Rate constant of pseudo-second-order adsorption 
(g/mg min)

Intraparticle diffusion – q k t ct p� �0 5.
kp = Rate constant of the intraparticle diffusion kinetic 
model (mg/g min1/2)
c = A constant

Elovich q
b

ab
b

tt � � � �1 1ln ln q
b

abtt � �� �1 1ln
a = The initial adsorption rate (mg/g min)
b = The desorption constant (g/mg)
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Thermodynamic experiments have been performed for 
Direct Yellow 50 adsorptions by GO-A at different tempera-
tures (25°C, 35°C and 45°C) under the following experimen-
tal conditions: initial Direct Yellow 50 dye concentration 
varies from 10 to 80 mg/L; the adsorbent dose of 1 g/L; 
pH of 7; agitation speed of 150 rpm; contact time of 90 min. 

3. Results and discussion

3.1. Physicochemical characterization

From the CHN elemental analysis outcomes, the chemi-
cal composition of GO and GO-A are as follows (%): C: 54.69, 
H: 2.46, N: 0.15 for GO, C: 63.07, H: 1.59, N: 2.83 for GO-A 
[5]. The percentage of carbon and nitrogen was increased 
with the grafting GO to 4-aminodiphenylamine. The results 
indicated that the GO was successfully modified with 
4-aminodiphenylamine.

Nitrogen adsorption and desorption isotherms were 
measured using a BELSORP instrument at 77 k. The total 
surface areas of GO and GO-A were evaluated by the BET 
method. Moreover, the average pore diameter and total pore 
volume were determined using the Barrett–Joyner–Halenda 
(BJH) theory. The analysis of BET revealed the same surface 
area for GO (13.24 m2/g) and GO-A (12.41 m2/g), approxi-
mately, while the average pore diameter and total pore vol-
ume of GO were improved from 4.853 nm and 0.016 cm3/g 
to 42.879 nm and 0.133 cm3/g after modification, respec-
tively [5]. It was observed that the average pore diameter 
and total pore volume increased significantly according 
to the functional groups grafted to GO which led to rela-
tively more empty spaces around the adsorbent [24]. There 
was negligible change in the surface area of the adsorbent 
after the modification process. This result may be due to 
the relative similarity of GO and GO-A structures.

The IR absorption spectra of the GO and GO-A are 
shown in Fig. 1. The spectrum of GO showed the bands 
around 1,054 and 1,222 cm–1 can be assigned to the C–O 
bonds [5]. Peaks discovered at 1,421, 1,720, and 2,922 cm–1 
were due to CH2, C=O and the aliphatic C–H groups [5]. The 
broad adsorption peaks at 1,628 and 3,440 cm–1 were associ-
ated to the O–H group [25,26]. The FT–IR spectrum for GO-A 
was different than GO due to the peaks such as: C=N bonds 
at 1,492 and 1,578 cm–1 [27,28], C=O groups at 1,718 cm–1 [29]. 
Finally, the absorption band at 3,402 cm–1 indicated the O–H 
and N–H stretch vibrations [24].

The surface morphologies of GO and GO-A were 
studied using SEM (Fig. 2). It can be noticed that the struc-
ture of GO includes many layers with the folds (Fig. 2a). 
Meanwhile, wrinkles were observed on the GO surface, 
which explained the flexibility of adsorbent. The porous 
structure of GO-A is seen as a layered structure in Fig. 2b, 
confirming the successful formation of the final adsorbent. 

The mechanism for the adsorption of Direct Yellow 
50 by GO-A can be assumed to involve physical 
adsorption. Dye diffuses into the inner pore system on the 
adsorbent surface active sites. Moreover, the hydrogen 
bond strength and π-π stacking interaction between ben-
zene rings in the Direct Yellow 50 and rings on GO-A can 
be effective as the adsorption mechanism. Fig. 3 describes 
the adsorption mechanism of Direct Yellow 50 using GO-A.

3.2. Kinetic studies

The results of the adsorption kinetics of dye on the 
adsorbent at different temperatures are shown in Fig. 4. 

The removal efficiency of dye increased with time and 
reached the equilibrium time (90 min). This enhancement 
of adsorption can be attributed to the available active 

Table 2
List of isotherm equations

Isotherm name Linear Non-linear Parameters

Ce = Concentration of adsorbate at equilibrium (mg/L)
qe = Adsorption capacity of the adsorbent at equilibrium (mg/g)

Langmuir
C
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k1 = Langmuir constant (L/mg)
Qm = The maximum adsorption capacity (mg/g)

Freundlich log log logq k
n

Ce f e� �
1 q k Ce f e

n= 1/
kf = Freundlich constant (L/mg)
n = A constant related the intensity of adsorption

Dubinin– 
Radushkevich

ln lnq q Be m� � �2 q q Be m� �� �exp �2
qm = Theoretical monolayer saturation capacity (mg/g)
B = Constant of the sorption energy (mol2/kJ2)
e = Polanyi potential
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R = Universal gas constant (8.314 J/mol K)
T = Absolute temperature
E = The adsorption energy (kJ/mol)

Temkin q B k B Ce t e� �1 1ln ln q B k Ce t e� � �1 ln
B1 = A constant related to the heat of adsorption
kt = The constant of equilibrium binding (L/mg)
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Fig. 1. FT–IR spectra of GO (a) and GO-A (b).

 Fig. 2. SEM images of adsorbents (a) GO and (b) GO-A.

Graphene oxide

Graphene oxide modified with 4-aminodiphenylamine (GO-A)

By Modification

By Adsorption y Adsorpr tio

process

Fig. 3. The adsorption mechanism of Direct Yellow 50 using GO-A.
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sites on GO-A [5]. This is in agreement with the reports 
of researchers [30,31]. The removal efficiency decreases 
with the increasing temperature, indicating the adsorp-
tion of GO-A for Direct Yellow 50 which may be an 
exothermic process.

The results of linear and non-linear kinetic modeling 
were adjusted by the pseudo-first-order, pseudo-second- 
order, intraparticle diffusion, and Elovich kinetic models 
(Table 3). The non-linear Elovich model was approved to 
express the process because it had a lower error level and 
higher R2. According to Table 3, the qe values for pseudo- 
second-order were close to the experimental values at various 
temperatures. Non-linear form of kinetic models for adsorp-
tion of Direct Yellow 50 by GO-A at different temperatures 
is shown in Fig. 5. 

The values of Ea ranges from 5 to 40 kJ/mol suggest a 
physical adsorption, whereas the higher activation energies 
(40–800 kJ/mol) are related to chemical biosorption [32]. 
The result obtained is 17.28 kJ/mol for the dye adsorption 
onto GO-A adsorbent, indicating that the adsorption process 
is physical adsorption.

3.3. Isotherm studies

The effect of initial dye concentration on the removal 
efficiency by GO-A adsorbent at different temperatures 
is shown in Fig. 6. It was observed that the removal effi-
ciency of Direct Yellow 50 was decreased with increasing 
the initial dye concentration at all temperatures. The num-
ber ratio of the dye molecules to the available adsorption 
sites increases at higher concentrations, which decreases 
the removal efficiency of dye [22]. Similar results have been 
reported where the removal efficiency of Direct Yellow 
decreased during higher concentrations using activated car-
bon adsorbents [1,33]. 

In the current study, the batch experimental data 
were analyzed using Langmuir, Freundlich, Dubinin–
Radushkevich, and Temkin isotherms. The parameters 
of linear and non-linear isotherm models were listed  
in Table 4. 

It showed the four models equilibrium adsorption of 
dye molecules onto the GO-A at different temperatures. 
As can be seen, the non-linear Freundlich model is the 
best-fitted model concerning not only the lowest error val-
ues, but also the highest R2. For non-linear Langmuir iso-
therm, the adsorption capacity was found to be 10.71, 8.03, 
and 5.71 mg/g at 25°C, 35°C, and 45°C temperatures, respec-
tively. Based on the Freundlich analysis, 1/n values show 
the shape of isotherm to be irreversible (1/n = 0), favorable 

Table 3
Kinetic parameters for the adsorption of Direct Yellow 50 onto GO-A

25°C 35°C 45°C

qe(exp) (mg/g) 8.67 6.02 3.25

Parameters Linear Non-linear Linear Non-linear Linear Non-linear

qe(cal) (mg/g) 3.18 7.98 2.21 5.40 2.20 2.97
Pseudo-first-order k1 (1/min) 0.034 0.351 0.022 0.271 0.034 0.097

R2 0.907 0.943 0.955 0.931 0.920 0.907
χ2 19.741 0.539 11.565 0.482 1.282 0.577
qe(cal) (mg/g) 9.02 8.35 6.28 5.73 3.54 3.30

Pseudo-second-order k2 (g/mg min) 0.021 0.070 0.0230 0.070 0.025 0.041
R2 0.997 0.966 0.994 0.964 0.992 0.961
χ2 0.828 0.264 0.631 0.190 0.241 0.152
kp (mg/g min1/2) 0.629 0.448 0.275

Intraparticle diffusion C 3.089 1.894 0.678
R2 0.684 0.746 0.889
χ2 1.279 0.736 0.218
a (mg/g min) 848.469 844.776 73.390 72.675 1.856 1.659

Elovich b (g/mg) 1.371 1.370 1.615 1.612 1.834 1.786
R2 0.860 0.988 0.92 0.990 0.962 0.990
χ2 0.0923 0.092 0.050 0.050 0.037 0.040

Fig. 4. Effect of contact time on removal efficiency of Direct 
Yellow 50 onto GO-A at different temperatures.
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(0 < 1/n < 1), unfavorable (1/n > 1) [34]. The results indi-
cated that the adsorption of Direct Yellow 50 onto GO-A 
was favorable. The adsorption energy (E) is used to esti-
mate the sorption mechanism as chemical (E > 16 kJ/mol), 
physical sorption (E < 8 kJ/mol) or, ion exchange mecha-
nism (8 < E < 16 kJ/mol). The adsorption energy obtained 
from Dubinin–Radushkevich isotherm was in the range 
of E < 8 kJ/mol suggesting that the adsorption of dye onto 

GO-A was a physical process. In addition, the non-linear 
curves of isotherm models are demonstrated in Fig. 7.

The maximum adsorption capacity of GO-A for Direct 
Yellow 50 removal was obtained 10.71 mg/g at adsorbent 
dose of 1 g/L, contact time of 90 min and pH of 7. Table 5 
demonstrates the adsorption capacity of GO-A for Direct 
Yellow 50 adsorption compared with different adsorbents 
reported previously.

3.4. Thermodynamic studies

The effect of temperature is another important para-
meter because the adsorption efficiency and capacity can 
change when the temperature increases or decreases. 
The values of ΔS° and ΔH° are gained from plotting Kl 
against T (Fig. 8). 

Table 6 shows the obtained non-linear thermodynamic 
parameter values. The negative values of ΔS° and ΔH° 
indicate that the dye adsorption process is a favorable and 
exothermic process, respectively [39]. Furthermore, it can 
be observed that ΔG° values are negative, thus reflecting 
the feasibility and spontaneous nature of the adsorption of 
Direct Yellow 50 onto GO-A.

4. Conclusions

This study reports on the possibility of using graphene 
oxide modified with 4-aminodiphenylamine as adsorbent 

Fig. 6. Effect of initial dye concentration on removal efficiency of 
Direct Yellow 50 onto GO-A at different temperatures.
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for the removal of Direct Yellow 50 from aqueous solu-
tions. The average pore diameter and total pore vol-
ume were enhanced from 4.853 nm and 0.016 cm3/g to 
42.879 nm and 0.133 cm3/g by modification process, 
respectively. The results showed that the Direct Yellow 
50 followed non-linear Freundlich isotherm and Elovich 

kinetic based on R2 and error values. Moreover, the value 
of n suggests that the dye adsorption is favorable. The 
value of Ea (17.28 kJ/mol) confirmed a physical biosorp-
tion reaction of dye. Furthermore, an exothermic and 
a spontaneous nature for the adsorption process of the 
Direct Yellow 50 were displayed from thermodynamic 

Table 4
Isotherm parameters for the adsorption of Direct Yellow 50 onto GO-A

25°C 35°C 45°C

Isotherm Parameters Linear Non-linear Linear Non-linear Linear Non-linear

Langmuir

Qm (mg/g) 11.68 10.71 8.46 8.03 5.77 5.71
Kl (L/mg) 0.273 0.729 0.167 0.238 0.096 0.101
R2 0.993 0.975 0.994 0.990 0.997 0.996
χ2 0.942 0.215 0.148 0.061 0.019 0.018

Freundlich

kf (L/mg) 6.446 6.364 3.449 3.472 1.398 1.531
n 7.812 7.566 5.107 5.158 3.218 3.503
R2 0.980 0.997 0.988 0.998 0.942 0.987
χ2 0.022 0.023 0.011 0.011 0.069 0.071

Dubinin-Radushkevich

qm (mg/g) 10.75 10.19 7.59 7.25 4.93 4.78
B (mol2/kJ2) 5.152 0.528 8.618 2.616 13.829 7.958
E (kJ/mol) 0.311 0.973 0.240 0.437 0.190 0.250
R2 0.771 0.958 0.801 0.966 0.852 0.978
c2 6.715 0.362 2.124 0.205 0.369 0.182

Temkin

kt (L/mg) 175.731 175.774 9.185 9.185 1.294 1.294
B1 1.171 1.171 1.211 1.211 1.133 1.133
R2 0.959 0.959 0.988 0.988 0.975 0.975
χ2 0.402 0.402 0.177 0.177 0.107 0.107
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Fig. 7. Non-linear form of isotherm models for adsorption of Direct yellow 50 by GO-A at (a) 25°C, (b) 35°C, and (c) 45°C.
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parameters. Based on the non-linear Langmuir isotherm, 
the maximum removal capacity for Direct Yellow 50 was 
10.71, 8.03, and 5.71 mg/g for 25°C, 35°C, and 45°C tem-
peratures, respectively. Finally, the adsorption character-
istics of modified GO demonstrated that this adsorbent 
could be considered an effective one in the removal of 
Direct Yellow 50 from aqueous media.
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