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Introduction

Nowadays, environmental pollution 
has increasingly become a universal 
issue as a consequence of the discharge 
of many hazardous chemicals [1]. 
Among the pollutants, organic dyes 
contribute to a large proportion because 
their contamination in wastewater 
often originates from fundamental and 
widespread industries such as textile [2]. 
Such compounds at high concentrations 
are considered as toxic sources due to 
toxicological and aesthetical reasons, and 
thus they are able to cause carcinogenic 
effects [3]. Meanwhile, these organic 
pollutants can accumulate a great 
amount in the environment over a period 
of time and result in persistent pollutions 
because of their low biodegradability 
[4]. CR is a crucial representative of 
secondary diazo anionic dyes, which 
leads to an allergic reaction and will 
be metabolized to benzidine, a human 
carcinogen [5]. Therefore, it is strongly 
expected to develop an eco-friendly 
method for treatment of CR-bearing 
wastewater. 

Over the past years, some feasible 
approaches for the removal of dyes 
have been reported such as various 
physical, chemical, and biological 
methods, including adsorption, 
biosorption coagulation/flocculation, 
catalytic reduction, electrolytic 
reduction membrane filtration, and 

liquid-liquid extraction [6]. Although 
the aforementioned methods generally 
remain their own limitations towards 
either cost-effectiveness or performance, 
adsorption is a highly effective separation 
technique because its advantage is 
superior to that of other methods in terms 
of initial cost, simplicity, good operation, 
and cyclability [7]. There are various 
kinds of common adsorbents which can 
be highly compatible with adsorption 
systems. However, adsorbents need to 
be reusable towards “green chemistry” 
trend and can be easily separated 
from the aqueous solution, so we have 
developed a class of nickel-based spinel 
ferrite magnetic material NiFe2O4 [8]. 
To enhance the surface properties by 
means of adding various functional 
groups, graphene oxide can be loaded to 
modify a rigid structure of NiFe2O4 and 
form a nanocomposite NiFe2O4/GO [9]. 
These types of materials can, therefore, 
be easy to perform magnetic separation 
and recycling as they hold unique 
properties of facile synthesis, magnetic 
recoverability and stability. 

The present work aims to show the 
influential factors including initial CR 
concentration, the dosage of NiFe2O4/
GO, and pH of the solution on the removal 
of CR by adsorption onto NiFe2O4/GO 
using the response surface methodology 
(RSM). The second-order RSM-based 
polynomial regression model was used 
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to evaluate the mathematical relationship 
of factors and find the optimum region 
for removal of dye ions.

Materials and methods

Chemicals and instruments 

All chemicals for this study were 
commercially purchased from Merck. 
The XRD was implemented on D8 
Advance Bruker powder diffractometer 
with a Cu-Kα excitation source. 
The SEM was recorded with the 
Japanese instrument S4800 and used 
an accelerating voltage source of 10 
kV with a magnification of 7000. The 
magnetic properties were determined by 
VSM.

Production of NiFe2O4 /GO

NiFe2O4 and GO were performed by 
a two-step procedure as early reported [8, 
10]. In the typical experiment, a beaker 
containing 1.0 g of NiFe2O4 50 ml in 50 
ml ethanol and another beaker containing 
5 ml of GO colloidal suspension in 45 ml 
of water were put in an ultrasonic bath 
for one hour. After heating to 60oC, the 
mixtures were transferred into a 500 ml 
beaker and then stirred to vaporize. The 
solid was dried at 90oC and used for the 
present study.

Adsorption batch

The NiFe2O4/GO (0.16-1.84 g/l) 
was poured into an Erlenmeyer flask 
containing 50 ml of CR solution (66.4-
133.6 mg/l). After the absorption 
equilibrium in three hours, the solid was 
removed from the mixture. The residual 
concentrations were confirmed by AAS. 
Twenty experiments were performed by 
using central composite design (CCD) 
(Table 1) at five levels including the low 
(encoded -1), high (encoded +1), and 
rotatable (encoded ± 1.68).

Results and discussions

Textural characterization of 
NiFe2O4 /GO

It can be seen from Fig. 1A that the 
typical peak of GO at a low angle of 
2θ = 10.80 was absent from the given 
diagram [11]. This phenomenon can 
be explained as follows: the graphene 
oxide was remarkably reduced through 
the oxidative reaction, where new bonds 

between graphene oxide and active open-
metal sites of the NiFe2O4 were formed 
[8-11]. Moreover, other shape diffraction 
peaks at 26.4o, 30.4o, 35.8o, 43.4o, 63.0o 
revealed the crystalline nature which 
fitted well with spinel structure of 
ferrites reported by a previous study [9].

Figure 1B showed that the saturation 
magnetization value was 2.38 emu/g, 
which was considered to be significantly 
lower than that of the previous report 
[8]. Magnetization decrease could be 

attributable to the presence of non-
magnetic graphene loaded on the surface 
of ferrite NiFe2O4 in the preparation of 
NiFe2O4/GO [1]. The SEM image at 
various scales of 500 nm in Fig. 1C 
revealed the morphological property 
from NiFe2O4/GO. Obviously, the 
NiFe2O4/GO possesses a type of porous 
and defective surface. The average 
diameter of nanoparticles was calculated 
to be from 40 to 50 nm.

No Independent factors Code
Levels

-1.68 -1 0 +1 +1.68
1 CR concentration (mg/l) x1 66.4 80 100 120 133.6
2 NiFe2O4/GO dosage (g/l) x2 0.16 0.5 1.0 1.5 1.84
3 pH (-) x3 3.6 5 7 9 10.4

Table 1. Independent variables matrix and their encoded levels.
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Fig. 1. XRD spectra (A), VSM (B), and SEM image (C) of the NiFe2O4/GO.
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Assessment of experimental results 
with DX10

To investigate a wide range of 
parameters (Table 2), the table for 
response and predicted values was 

applied by the Design-Expert 10 
(DX10). This table gives information 
about actual experiments obtained by 
independent runs and the predicted 
values (via DX10) built from these 
true runs. In this study, there were 20 

actual runs including 14 fluctuation 
experiments of three variables and 
six replications at the central point. 
A proposed model was considered to 
be highly fitted with actual data if its 
parameters from ANOVA table satisfied 
a series of mentioned conditions: (1) 
Correlation coefficient (R2) approaches 
1.0; (2) Values of P or P-values are lower 
than 0.05 at 95% confidence level; (3) 
Adequate precision (AP) ratio is greater 
than 4.0; (4) Lack-of-fit value is higher 
than 0.05. It is inevitable that all the 
above standards met these requirements 
(Table 3). Moreover, Fig. 2A and Fig. 2B 
showed that the predicted values versus 
actual values distributed on the straight 
line and the residuals versus runs plot 
demonstrated that the obtained results 
of total 20 runs were experimentally 
random. Therefore, the proposed model 
was statistically significant. 

Effect of independent variables on 
the removal of CR

Figure 2C shows “desirability” of 
the model, in which the experiments 
could be possible to obtain the highest 
results (probability = 100%) if they were 
conducted by the optimization condition. 
The region of maximum “desirability” 
was obviously spreading, thus it allowed 
obtaining good CR removal efficiencies. 
To describe the optimal regions that 
were plotted by altering two variables 
and holding another at zero level, the 
response surfaces were drawn and 
shown in Fig. 3.

To begin with, three-dimensional 
response surfaces were firstly plotted 
in Fig. 3A. The CR removal efficiency 
would rise by increasing the amount of 
NiFe2O4/GO. The main cause for this 
phenomenon was that when adding 
the NiFe2O4/GO into the solution, 
the number of active adsorption sites 
rose to create more functional groups. 
Consequently, an optimum zone was 
positioned at the higher side of dosage. 
Meanwhile, the initial concentration of 
CR anions had a negligible impact on 
the CR removal efficiency.

No
Variables Response

x1 (Ci ,  ppm) x2 (dosage, g/l) x3 (pH) Actual (%) Predicted (%)

1 80 0.5 5 43.9 45.6

2 120 0.5 5 30.3 29.0

3 80 1.5 5 91.9 93.8

4 120 1.5 5 80.8 84.0

5 80 0.5 9 56.8 56.0

6 120 0.5 9 42.4 42.9

7 80 1.5 9 60.4 70.1

8 120 1.5 9 62.9 63.7

9 66.4 1 7 80.2 77.5

10 133.6 1 7 59.0 58.2

11 100 0.16 7 18.5 19.5

12 100 1.84 7 90.8 77.5

13 100 1 3.6 74.0 71.9

14 100 1 10.4 70.0 63.6

15 100 1 7 71.0 73.8

16 100 1 7 75.8 73.8

17 100 1 7 73.7 73.8

18 100 1 7 76.6 73.8

19 100 1 7 73.1 73.8

20 100 1 7 72.1 73.8

Source Sum of 
squares

Degree of 
freedom

Mean 
square F-value Prob. > F Comment

Model 6393.26 9 710.36 77.88 < 0.0001s SD = 3.02

x1 44840 1 448.40 49.16 < 0.0001s Mean = 64.82

x2 4057.32 1 4057.32 444.81 < 0.0001s CV(%) = 4.66

x3 82.35 1 82.35 9.03 0.0132s Press = 563

x1 x2 22.44 1 22.44 2.46 0.1478n R2 = 0.9859

x1 x3 5.78 1 5.78 0.63 0.4445n R2
(adj.) = 0.9733

x2 x3 584.82 1 584.82 64.11 < 0.0001s AP = 34.767

x1
2 63.48 1 63.48 6.96 0.0248s

x2
2 1151.82 1 1151.82 126.27 < 0.0001s

x3
2 65.64 1 65.64 7.20 0.0230s

Residuals 91.22 10 9.12

Lack of Fit 68.19 5 13.64 2.96 0.1293n

Pure Error 23.03 5 4.61

Table 2. The matrix of observed and predicted values.

Table 3. ANOVA for response surface quadratic model.

ssignificant at p < 0.05; nnot significant at p > 0.05.
ANoVA: Anlysis of variance.
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Figure 3B indicated a significant 
effect of initial concentration and pH on 
CR removal efficiency. In contrast, there 
was a strong interaction between dosage 
and pH against the percentage of CR 
removal. The CR was markedly removed 
from the aqueous solution at a high level 
of dosage and low level of pH (Fig. 
3C). When pH in solution decreased, 
the material surface would be charged 
positively. Thus, new bonds between 
positive-charged material and CR anions 
were favourably formed to enhance the 
adsorption.

The predicted optimal-condition-
based model experiment was further 
conducted to verify the suitability of the 

proposed model: Ci = 82.2 mg/l, dosage 
= 1.4, and pH = 4.0 with the highest 
desirability of 1.0 (Table 4). Thereby, 
the test for the percentage of CR removal 
was obtained at 94.3%, which was 
nearly closed to the predicted value of 
94.7 %. This result demonstrated the high 
compatibility of the proposed models 
with the experimental data.

Conclusions

The porous magnetic nanocomposite 
NiFe2O4/GO was successfully synthesized 
and characterized by several techniques. 
The results indicated that the NiFe2O4/
GO had a highly crystalline nature 
with defective structure. By evaluating 
parameters from ANOVA, the proposed 

model was proved to be statistically 
significant. Moreover, the DX10 obtained 
the optimal condition for the removal 
of CR from solution at Ci = 82.2 mg/l, 
dosage = 1.4, and pH = 4.0. With a high 
result of removal efficiency (94.7%), the 
NiFe2O4/GO was an efficient adsorbent 
to remove the CR from contaminated 
groundwater.
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Ci (mg/l) Dosage (g/l) pH (-) Desirability
Ni2+ removal (%)

Predict Test

82.2 1.4 4.0 1.00 94.3 94.7

Fig. 2. Actual plot versus predicted plot (A), residuals versus runs (B), and 
“desirability” (C).

Fig. 3. Surface response plot (A-C) for the removal of CR by NiFe2O4/GO.

Table 4. Model confirmation.
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