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Abstract

	 Removal of nutrient salts from the receiving water is an important consideration to control 
eutrophication.Among various nano sized materials, ZnO and Fe3O4 have much attention because 
ZnO nanoparticles exhibit efficient photocatalytic removal efficiency through adsorption and 
decomposition of organic contaminants. In this study, commercial magnetite was immobilized with 
ZnO by chemical wet method and it was used as an adsorbent to remove phosphate from aqueous 
solution. The phosphate adsorption can be well modeled by the Response Surface Methodology. 
The removal efficiency of phosphate was optimized as the function of adsorbent dosage, pH, initial 
phosphate concentration, and contact time, using Response Surface methodology. Maximum 
adsorption of ZnO–Fe3O4 was obtained at pH of 3.1, contact time of 53.3 min., adsorbent dosage of 
1.35 g/L and initial phosphate concentration of 36.2 mg/L. An empirical model for phosphate removal 
was developed as quadratic equation. Results from experiments will agree to results from model. 
This agreement confirms accuracy and approach of obtained model

Keywords: Nanocomposite. ZnO–Fe3O4, RSM .Optimization, statistical 
modeling, .phosphate removal.

Introduction

	 Due to increasing population and decreasing 
water supplies, wastewater treatment is becoming 

necessary throughout the world to conserve water 
resources1.

	 Phosphorus (P) exists in water in both 
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particulate and dissolved forms. The usual forms 
of P in aqueous solutions are orthophosphates, 
polyphosphates, and organic phosphates Phosphate 
is an essential macronutrient that spurs the growth 
of photosynthetic algae and cyanobacteria and it is 
contained in the sewage of houses and factories and 
its concentration in lakes and seas rapidly increased 
because of the use of organic detergent2.Superfluous 
phosphorus contained in wastewater from municipal, 
industrial and agricultural activities can cause 
eutrophication and hence deteriorate water quality3. 
Organic pollution in closed water bodies such as bays 
and lakes has been increasing by eutrophication, and 
removal of nutrient salts from the receiving water is 
an important consideration to control eutrophication4.
So, the removal of phosphates from Wastewater 
discharges to water bodies is an important component 
of eutrophication control strategies5. As regulations 
and standards become increasingly more stringent, 
from 0.5 to 1.0 mg/L to even less than 0.03 mg/L 
P, even further treatment of the effluent is required 
to meet effluent quality standards6. Among the 
conventional phosphorus removal methods, sorption 
methods using the appropriate solid materials can 
be promising at lower phosphate concentrations, 
which pose a challenge to the use of the traditional 
flocculation methods7. Many kinds of materials have 
the potential to remove phosphorus from water, 
and many materials including waste products have 
attracted widespread interest due to their potential 
ability for phosphorus remove, including nZVI8,Clayey 
peat9, Laterite and Red earth6 Clinoptilolite10,ACF-
Nano HFO11,) ZrO2

12 sands13, fly ash14, slag14, iron 
oxide tailings15, Ca-based sorbents16, alunite17, RM, 
RM700, RMAH16, Ca-dolomite, Raw-dolomite16and 
iron-based compounds7.Among various nano sized 
materials, ZnO and Fe3O4 have much attention 
because ZnO nanoparticles exhibit an efficient photo 
catalytic removal efficiency through adsorption and 
decomposition of organic contaminants18.Today 
Most of the studies about phosphate adsorbents 
have focused on the on the nanoparticles due to the 
importance of selecting substrates with the highest 
P adsorption capacity to maximize phosphorus 
removal. In addition, super paramagnetic Fe3O4 
nanoparticles possess a promising adsorption 
capacity for contaminants along with optimal 
magnetic properties, showing rapid separation of the 
adsorbent from solution via a magnetic field19, 20.

	 Response Surface Methodology (RSM) is a 
statistical modeling technique employed for multiple 
regression analysis. In this method influences of 
individual factors as well as their complex interactive 
influences can be evaluated. One of the most 
important benefits of RSM is the reduction of the 
number of tests and experiments21

	 In recent year optimization of adsorption, 
biosorption and oxidation processes for different 
wastewater and synthetic wastewater using RSM 
have been studied, but only few researchers 
report about optimization of phosphate removal 
by nanoparticles using RSM. The most of reports 
have been focused on Kinetics and equilibrium  
studies19, 20.

	 Hence, in this paper the adsorption of 
phosphate (PO4

3-) using zinc oxide immobilized on 
magnetite nanoparticles was considered in aqueous 
solutions and application of Response Surface 
Methodology (RSM) and Central Composite Design 
(CCD) for optimization of adsorption process have 
been investigated. Central composite design is one 
of the common methods of RSM model that is useful 
and applicable for design of experiments22. In this 
method every parameter defined in different levels 
and in comparison to other experiments design 
methods have more ability to predict responses.

	 The main objectives of this study were 
characterization of ZnO-Fe3O4nano composite and 
optimization of phosphate adsorption process by it 
using Response Surface Methodology. 

Materials and Methods

Materials
	 Potassium dihydrogen phosphate, Zinc 
chloride (99.5 %),sodium hydroxide, hydrogen 
peroxide, sodium chloride, sodium sulfate, sodium 
hydrogen carbonate, sodium carbonate, and 
hydrochloric acid, which were of analytical grade, 
were purchased from Merck & Co., Germany and 
used without any purification. nanopowder (Fe3O4) 
was obtained from the Iranian nanomaterial pioneer 
Company in Mashhad city from Iran. It has an 
approximately spherical shape, is nonporous, and 
has greater than 99.5 % purity. The specific surface 
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area of the Fe3O4 particles was known as 81.98 
m2/g by company. The average size of the spherical 
particles was 15–20 nm. The chemical structure 
of phosphate has been presented in Table 1. The 
initial pH of solution was adjusted by the addition of  
0.1 M NaOH or HCl and measured by pH meter 
(Metron, Switzerland). The experiments were carried 
out at room temperature (25±2 °C).

Immobilization of ZnO Nanoparticles on 
Fe3O4Nanoparticles
	 The Fe3O4–ZnO were prepared by 
commercial magnetite were coated with ZnO by 
chemical wet method. Fe3O4 was dried at 103°C for 3 
h in an oven. ZnCl2 was used as a starting agent, and 
NaOH was used as a precipitant. A stock solution of 
0.1 M ZnCl2 was prepared by dissolution of ZnCl2 into 
deionized water. Then an alkaline stock solution of 
0.2 M NaOH was prepared in deionized water. Fe3O4 
was added to the ZnCl2 solution n the volume ratio 
of 1:1. The synthetic reaction was fundamentally 
performed with stirring for 7 hours. The products 
in aqueous solution were centrifuged (4,000 rpm; 

Sigma-301, Germany), washed with deionized water, 
and then dried at 100 °C for 3 h23. 

	 The pH pzc of ZnO–Fe3O4 composite was 
determined using the procedure as follows a 1-L 
solution of 0.1 M NaNO3 was prepared and divided 
into ten solutions with pH ranging from 2 to 11 
adjusted by HCl and NaOH with suitable molarity. 
Thereafter, 0.2 g of the ZnO–TiO2 composite was 
added to the solutions. The mixture was shaken 
at 170 rpm for 48 hours. Then, the samples were 
centrifuged, and the pH of each solution was 
measured. The final pH values versus initial pH 
values were plotted to obtain pH - Zero point charge. 
The pHpzc can be determined at the point where the 
line of final pH is crossing the line of the initial pH.

Characterization 
	 The X-ray diffraction (XRD) studies were 
performed with a Philips XRD instrument (Siemens 
D-5000, ermany) using Cu Ka radiation (λ=1.5406 Å) 
at wide-angle range (2θ value 4–70°), an accelerating 
voltage of 40 kV, and an emission current of 30 mA. 
For characterization of the functional groups on the 
surface of the samples, Fourier transform infrared 
spectroscopy (FT-IR) spectra were recorded on a 
Perkin-Elmer (Germany) spectrometer under a dry 
air at room temperature by the KBr pellets method. 
The spectra were collected over the range from 
400 to 4,000 cm”1. The surface morphology of ZnO, 
Fe3O4, and ZnO–Fe3O4 composite were obtained 
by field emission scanning electron microscopy  
(FE-SEM), which was carried out by a Mira 
microscope (Mira3, Tescan, Czech Republic). SEM 
images were further supported by energy dispersive 
X-ray (EDX) 

	 Micro analysis to provide direct evidence 
for the purity, existence, and distribution of specific 
elements in a solid sample. Fig.1 shows Infrared 
spectrum that shows Fe-O transplantation along 

Table 1: The structure and characteristics of phosphate

	 Chemical structure	 Molecular formula
		  Mw (g/mol) 

 Phosphate		  Po4
3-

		  97.9714
                                                            

Fig. 1:FT-IR spectra of three adsorbents
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the lower waves (700 cm-1) and the resulting peaks 
along 3600 through 3200 cm-1 wave belong to O-H 
transplantations. The transplantations in the two 
bands of 406-512cm-1belong to ZnO. Fig.2 shows 
the diffraction of X-ray by means of spectrometer 
(XRD). 

	 The main peaks at 2è values of 31.72, 
34.4, 36.2, 47.49, 56.51, 62.8, 66.28, 67.86, and 
68.86 correspond to the (100), (002), (101), (102), 
(110), (103), (200), (112), and (201) planes of 
hexagonal wurtzite ZnO (JCPDS card no. 36–1451).

The main peaks at 2è values of 18.27, 21.16, 30.11, 
30.21, 35.42, 35.53, 37.03, 37.18, 43.12, and 57.09 
correspond to the (011), (002), (112), (200), (121), 
(103), (022), (202), (004), and (321) planes of the 
orthorhombic Fe3O4 (JCPDS card no. 031156) (9). It 
can be seen from Fig. 2, after immobilizing the  ZnO, 
the peaks related to the ZnO are still observed, which 
indicates growth of the ZnO crystal on the Fe3O4 
nanoparticles.

	 SEM images of ZnO nanopar ticles, 
Fe3O4nanoparticles, and ZnO–Fe3O4composite 
are shown in Fig.3a–c, respectively. ZnO was 
shaped as rods as shown in Fig.3 a,c. As shown in  
Fig.3b, c,ZnO–Fe3O4 composite was composed of 
spherical Fe3O4 nanoparticles and ZnO nanorods.

	 EDX microanalysis was used to characterize 
the elemental composition of the ZnO–Fe3O4 
composite. EDX pattern of the ZnO–Fe3O4 composite 
is depicted in Figure. 4.

	 According to the results of EDX analysis, 
the major elements were Zn, O, and Fe, indicating 
good hybridization between ZnO and Fe3O4.

Experimental design
	 The phosphate solution was prepared 
by dissolving an accurately weighed sample 
of potassium dihydrogen phosphate (KH2PO4, 
anhydrous) in deionized water. Batch sorption 
experiments were performed in order to obtain 
factors for preparation and equilibrium data.

Fig. 2:Typical XRD patterns of three adsorbents

Fig. 3:SEM image of (a) ZnO, (b) Fe3O4, and (c) 
ZnO-Fe3O4 composite Fig. 4: EDX image of ZnO-Fe3O4 composite
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	 The adsorption experiments were performed 
in a 1000 Ml Erlenmeyer flask containing 30 ML of 
phosphate solution and mixtures were stirred at 150 
RPM in different time interval. In order to determine 
the effects of various parameters, the experiments 
were conducted at different adsorbent amounts of 
0.4 to 2 g/L, initial phosphate concentrations of 10 

to 90 mg/L as pre tests and initial pH of 3 to 11. 
Removal efficiency of phosphate was calculated 
with Eq. 1.

	  ...(1)	

	 Where, C0 and Ce (mg/L) are the initial and 

Table 2: Central composite design for the study of four experimental variables for phosphate 
removal efficiency and obtained results

Std	 Run 		  Factors			   Phosphate removal 
	 no.					     efficiency (%)

		  A-Contact 	B -pH	 C-ZnO-	D -Phosphate 	 Actual 	 Predicted 
		  time a 	 (code)	 Fe3O4 	 Concentration 	 value	 value
		  (code)			   dose b	 c (code)
					      (code)

25	 1	 50(0)	 3(0)	 1(0)	 30(0)	 89	 93.66
22	 2	 50(0)	 3(0)	 1.25(+0.5)	 30(0)	 98	 101.43
2	 3	 60(+1)	 2.5(-1)	 0.5(-1)	 15(-1)	 76	 77.44
24	 4	 50(0)	 3(0)	 1(0)	 37.5(+0.5)	 91	 93.71
12	 5	 60(+1)	 3.5(+1)	 0.5(-1)	 45(+1)	 78	 75.2
18	 6	 55(+0.5)	 3(0)	 1(0)	 30(0)	 87	 88.62
30	 7	 50(0)	 3(0)	 1(0)	 30(0)	 92	 93.66
11	 8	 40(-1)	 3.5(+1)	 0.5(-01)	 45(+1)	 65	 66.36
10	 9	 60(+1)	 2.5(-1)	 0.5(-01)	 45(+1)	 84	 82.86
17	 10	 45(-0.5)	 3(0)	 1(0)	 30(0)	 82	 80.4
3	 11	 40(-1)	 3.5(+1)	 0.5(-01)	 15(-1)	 63	 62.44
13	 12	 40(-1)	 2.5(-1)	 1.5(+1)	 45(+1)	 67	 66.63
8	 13	 60(+1)	 3.5(+1)	 1.5(+1)	 15(-1)	 98	 92.5
19	 14	 50(0)	 2.75(-0.5)	 1(0)	 30(0)	 90	 90.4
9	 15	 40(-1)	 2.5(-1)	 0.5(-01)	 45(+1)	 48	 50.80
5	 16	 40(-1)	 2.5(-1)	 1.5(+1)	 15(-1)	 75	 75.22
16	 17	 60(+1)	 3.5(+1)	 1.5(+1)	 45(+1)	 58	 62.50
6	 18	 60(+1)	 2.5(-1)	 1.5(+1)	 15(-1)	 98	 99.27
23	 19	 50(0)	 3(0)	 1(0)	 22.5(-0.5)	 100	 97.31
29	 20	 50(0)	 3(0)	 1(0)	 30(0)	 98	 94
27	 21	 50(0)	 3(0)	 1(0)	 30(0)	 95	 94
20	 22	 50(0)	 3.25(+0.5)	 1(0)	 30(0)	 93	 92.7
14	 23	 60(+1)	 2.5(-1)	 1.5(+1)	 45(+1)	 83	 81
4	 24	 60(+1)	 3.5(+1)	 0.5(-01)	 15(-1)	 78	 81
1	 25	 40(-1)	 2.5(-1)	 0.5(-01)	 15(-1)	 38	 35.65
26	 26	 50(0)	 3(0)	 1(0)	 30(0)	 96	 94
7	 27	 40(-1)	 3.5(+1)	 1.5(+1)	 15(-1)	 88	 91
28	 28	 50(0)	 3(0)	 1(0)	 30(0)	 92	 93
15	 29	 40(-1)	 3.5(+1)	 1.5(+1)	 45(+)	 76	 72
21	 30	 50(0)	 3(0)	 0.75(-0.5)	 30(0)	 98	 95

a Unit of time: min; b unit of  dosage: g/L; c unit of concentration: mg/L
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equilibrium liquid phase phosphate concentrations 
respectively.

	 The solution pH was adjusted by HCl 
(0.10 M) or NaOH (0.10 M) solutions, and Na2SO4

2-, 
NaCl, NaHCO3

2-or NaCO3
- solutions were added as 

sources of the competing anions when necessary. All 
experiments were carried out at room temperature 
which was the same to the application environment. 
The concentrations of the phosphate solutions 
were determined by the stannous chloride method 
(4500-P D)28. The absorbance of the solutions 
was analyzed using spectrophotometer (UV/Vis 
Spectrophotometer, Hach-DR 5000)24. The pH of 
the solution was determined by pH meter (Metron, 
Switzerland). The adsorption capability (qe, mg/g) 
of phosphate in ZnO-Fe3O4 was calculated by the 
following Eq. 2.

		  ...(2)

	 Where , V (L) is the volume of the solution 
and M (g) is the mass of the adsorbent.

	 Design Expert software (Design Expert 
version 7.1.o) was used for statistical analysis of 
experimental data. Design Expert is a statistical 
software package from Stat-Ease Inc. that is 
specifically devoted to performing design of 
experiments  and offers comparative tests, screening, 
characterization, optimization, robust parameter 
design, mixture designs and combined designs25. To 
optimize four main variables (Contact time, pH, ZnO-
Fe3O4 doses and phosphate concentration) due to 
the influence on the response (phosphate removal), 
Response Surface Methodology (RSM) and Central 
Composite Design (CCD) were used. Independent 
variables including the Contact time(A), pH(B), ZnO-
Fe3O4 doses(C) and phosphate concentration(D)  
were set at five coded  level: -1(minimum, -0.5, 
0(center point), +0.5, and +1(maximum). Preliminary 
tests were done for determination of narrower and 

Table3. ANOVA results for response parameters

Source	 Sum of square	D f	 Mean square	 F-Value	 P-Value Pro.>F

Model	 7015.49	 14	 510.11	 33.56	 <0.0001S

A-contact time	 1112.74	 1	 1112.74	 74.52	 <0.0001 S

B-pH	 80.74	 1	 80.74	 5.41	 0.0345 S

C-ZnO-Fe3O4	 773.88	 1	 773.88	 51.83	 <0.0001 S

D-Phosphate concentration	 214.56	 1	 214.56	 14.37	 0.0018 S

AB	 540.56	 1	 540.56	 36.20	 <0.0001 S

AC	 315.06	 1	 315.06	 21.10	 0.0004 S

AD	 95.06	 1	 95.06	 6.37	 0.0234 S

BC	 105.06	 1	 105.06	 7.04	 0.0181S

BD	 126.56	 1	 126.56	 8.48	 0.0107S

CD	 564.06	 1	 564.06	 37.78	 <0.0001S

A2	 222.75	 1	 222.75	 14.92	 0.0015S

B2	 12.27	 1	 12.27	 0.82	 0.3790 NS

C2	 50.47	 1	 50.47	 3.38	 0.0859 NS

D2	 9.15	 1	 9.15	 0.61	 0.4460 NS

Residual	 223.97	 15	 14.93	
Lack of fit	 170.64	 10	 17.06	 1.60	 0.3151NS

Pure error	 53.33	 5	 10.67	
Core Total	 7239.47	 29	
Other statistical parameters
Mean=82.47	 S.D.=3.86	 C.V.=4.69	 PRESS=1451	
R2=0.97	 Adj.R2=0.94	 Pred.R2=0.8	 A.P=24.1

S: Significance:  NS: Not significance; S.D: Standard deviation C.V: Coefficient of variance; PREES: 
Predicted residual error sum of squares; A.P: Adequate precision
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effective range before designing the research. 
In order to obtain the optimum values of four 
independent variables, phosphate removal was 
analyzed as a response.

	 The quadratic model as Eq. 3 has been 
used for analysis of experimental data and prediction 
of optimum condition:

	

		  ...(3)

Where:
Y = Response, I = Linear constant, j = Quadratic 
constant, β = Regression constant
k = Number of studied factors and, e = Random 
error

	 Six experiments were repeated in central 
point for evaluation of pure error. Analysis of 
variances (ANOVA) was used for graphical analyses 
of the data to obtain the interaction between the 
process variables and the responses. ANOVA is 
a collection of statistical models used to analyze 
the differences among group means and their 
associated procedures such as “variation” among 
and between groups26. The quality of model fitness 
determined by R2 (coefficient of determination) and 
p-value with confidence level of 95% was used for 
influences of individual variables as well as their 
interactive influences evaluation. To control the 
significance and Adequacy of model, calculated 

F-value (Fisher variation ratio), probability value 
and Adequate precision were evaluated. Finally to 
find optimum condition of adsorption for phosphate 
removal, response variables have been compared 
in a numerical optimization, where all independent 
variables selected in “in range” and phosphate 
removal selected in “maximize”. 

Results and Discussion

	 In this experimental study 30 run of CCD 
were performed that results are shown in Table 2. 
Table 2 shows Central composite design for the study 
of four experimental variables for phosphate removal 
efficiency and obtained results.

	 To be significant of model components is 
necessary to develop a proper model. CCD showed 
in table 2 has been used for mathematical equations 
for prediction of results (Y) as function of  contact 
time (A), pH (B), ZnO-Fe3O4 dose(gr/L (C) and 
phosphate concentration (mg/L) (D) , their reciprocal 
effects, include: (AB, AC, AD, BC, BD, DC) and 
second order effects(A2, B2, C2 and D2).  Analysis of 
variances (ANOVA), have been used for graphical 
analysis of data and to determine reciprocal effects 
of independent variables and response. The equation 
from the first analysis of variances was modified by 
elimination of insignificant terms. Table 3 shows data 
quadratic model with independent variables and 
other statistical parameter. As shown in table 3 the 
ANOVA of the quadratic regression model confirmed 
that the model is significant. High R2 coefficient 

Fig. 5: Residuals versus Runs for phosphate removal
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Fig.6: Contour plot for phosphate removal as a function of (a) contact time and pH, (b)contact time 
and ZnO-Fe3O4, (c)contact time and phosphate concentration, (d) pH and ZnO-Fe3O4, (e) pH and 

phosphate concentration and (e) ZnO-Fe3 and phosphate concentration

a b

c d

e f
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(R2>0.95 and have a good agreement with Adj.R2 
(Adj.R2=0.94) shows a satisfactory adjustment of 
quadratic models to experimental results27.Adequate 
Precision (AP) of model for phosphate removal was 
24.1 that is greater than 4 that indicated adequate 
signal and it is concluded that predicted data could 
be used to navigate design space defined by the 
CCD26. F-value of model obtained from ratio of 
mean square of regression to mean square of 
residual. As shown in table 3, F value and P- value 
(pro>F) indicate that the phosphate removal model 
is significant again. It can be seen that P-value is 
very small (P-value<0.0001) and the less P-value 
the more significant model. 

	 Based on the sequential model sum of 
squares, the phosphate removal models, was 
selected based on the highest order polynomials 
where the additional terms were significant and the 
model was not aliased. The model of phosphate 
removal efficiency was represented as Y, The 
quadratic model for term of Y was selected as 
suggested by the software and is shown in  
Eq. 4. The independent variables in the model were 
contact time, pH, ZnO-Fe3O4 dose and phosphate 
concentration. 

	 All insignificant terms from statistical point 
of view were removed and the empirical model for 
phosphate removal as dependent variable was 
resulted as equation 4:

Y= 93.65 + 8.21A + 2.2B + 6.84C – 3.6D -5.18AB 
– 4.44AC  - 2.44AD – 2.56BC – 2.81BD – 5.94CD 

– 36.59A2  	 ...(4)

	 Figure 5 shows residuals versus runs for 
phosphate removal. This plot can be used to study 
independence of residuals. If there were sinusoidal 
variations therefore, data independence would 
be acceptable26. As shown in Fig. 5, there are 
no evidences for rejection of data independence 
hypothesis and this is concluded that selected model 
is suitable for data analysis

The reciprocal effects of all independent 
variables on phosphate removal
	 Figure 6 shows Contour plot for phosphate 
removal as a function of contact time and pH(a), 
contact time and ZnO-Fe3O4(b), contact time and 
phosphate concentration(c), pH and ZnO-Fe3O4(d), 
pH and phosphate concentration(e)  and ZnO-3Fe 
and phosphate concentration(e)

	 Contour plots show the reciprocal effects 
of tow variables while, other are constant. This 
kind of plot indicates a correct geometrical shape 
of reciprocal effects of variables and they will give 
useful information about system in the range of 
experimental design. Optimization of process defined 
as setting the levels of variables to achieve maximum 
phosphate removal. 

	 It should be considered that elliptical 
curve shows a strong reciprocal effect between tow 
variables and circular curve shows no relationship 
between variables27. 

	 As shown in fig 6 all plots are as elliptical 
curves that indicate there are reciprocal effects 
among variables. 

Fig. 7: Optimal conditions for phosphate removal (factors as coded value)
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	 The effects of contact time on phosphate 
removal are shown in figures 6- a, 6-b and 6-c. As 
shown in figures 6-a, 6-b and 6-c phosphate removal 
increase to the time and gradually decreased until 
reaction reaches a near equilibrium after 53.3min. 
the high removal at the initial time can be attributed 
to the abundance of free active sites on the surface 
of  ZnO- Fe2O3 and this trend would be 

	  As the active sites are occupied by 
phosphate, adsorption rates are decreased due to 
having little available active sites on the adsorbents23.
The effects of primary concentration of phosphate 
on removal efficiency are shown in figures 6-c, 
6-e and 6-f. As it can be seen from the figures, the 
efficiencies decrease from 100 to 77.11 with the 
increase of concentration from 15 to 45 mg/l (this 
range of concentration was selected for development 
of model).

	 The increase of adsorption capacity or 
decrease of adsorption efficiency in this case is 
probably due to stability of active locations on 
the adsorbent against the increase of phosphate 
numbers, In other words saturation of adsorbent 
surface in higher concentrations of contaminant. 
Another reason could be the particle response 
such as accumulation and association due to higher 
concentrations of adsorbent since accumulation 
results in decrease of active surface of absorbent. 
Figures 6-a 6-d and 6-e show phosphate removal as 
a function of pH.

	 The effect of primary pH of solution on the 
phosphate removal efficiency was studied in pH 
of 3 to 11. It can be seen that removal efficiencies 
decrease of the pH increases from 3 to 11. The 
results from the fact that, the solution pH plays an 
important role in the adsorption process so that the 
adsorption process in low pH has higher efficiencies 

in absorbing contaminants compared to alkaline pH. 
The higher efficiency of adsorption in acidic pH could 
be due to electrostatic adsorption between negative 
loaded phosphate and the surface with positive load 
of adsorbent which might be as a dominant solution. 
Also in lower pHs, H+ ion increases on surface. But in 
higher pH, the adsorbent surface receive a negative 
load, hence the electrostatic repulsive force between 
ions gets more negative loads and the electrostatic 
repulsive force between ions with negative load of 
absorbed material and the surface with negative 
load of adsorbent has reduced the adsorption 
phosphate.

	 It should be considered that the pH range 
of wastewater, surface water and groundwater is 
normally higher than 3.5, therefore pH of effluent 
must be neutralized before to discharge to the 
environment or reuse.

	 The effect of adsorbent dose on the removal 
efficiency was studied with the primary adsorbent 
dose of 2-0.4 gr/l. the results of effects of adsorbent 
doses on the remove efficiency are shown in Fig.6-b, 
6-d and 6-f. As it can be seen, when adsorbent dose 
increases from 0.2 to 2 gr/l, the remove efficiency 
increases from 86.77 to 100 percent, really the 
removal efficiency increases with the adsorbent 
dose increase. The increase of adsorption percent in 
this case is due to increase of adsorption positions 
available for phosphate. But decrease of adsorption 
capacity with the increase of adsorbent amount 
might stem from unsaturation of active positions on 
adsorbent surface during the adsorption process.

	 In this study factors including the contact 
t ime, pH, -ZnO-Fe3O4 dose and phosphate 
concentration were selected in range and response 
(phosphate removal) was selected as maximize. 
Results from numerical optimization showed that 

Table 4: Verification   experiments at optimum conditions
	
Optimum conditions	             Responses		  Error	 S.D

	 Predicted	 Actual
		
ZnO-Fe3O4 =1.35 g/L	 100	 97.6		  2.4	 ±3.5
Contact time=53.3 min.
pH=3.1Phosphate
concentration=36.2 mg/L
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in contact time of 53.3 min, pH = 3.1, ZnO-Fe3O4 
dose of 1.35 g/L and phosphate concentration of 
36.2 mg/L, the phosphate removal efficiency were  
100% . In this condition desirability was 100%  
(Fig. 7).

	 Five excess tests were performed at the 
optimum point to confirm adequacy and validity of 
optimization procedure. The results of these tests 
are given in Table 4. As shown in Table 4 results 
from experiments will agree to results from model. 
This agreement confirms accuracy and approach of 
model.

Conclusions

	 In the current study, commercial magnetite 
was coated with ZnO using chemical wet method. 

The phosphate adsorption can be well modeled by 
the Response Surface Methodology. The removal 
efficiency of phosphate was optimized. Maximum 
adsorption of ZnO–Fe3O4 was obtained at pH of 
3.1, contact time of 53.3 min., adsorbent dosage of 
1.35 g/L and initial phosphate concentration of 36.2 
mg/L. An empirical model for phosphate removal 
was developed as quadratic equation. Results from 
experiments will agree to results from model. This 
agreement confirms accuracy and approach of 
obtained
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