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ABSTRACT

A new composite coagulant poly-Si-Fe-Zn (PSFZ) was synthesized using industrial wastes
as main raw materials and parameters affecting the coagulant performance, such as poly-
merization temperature, time, and Si/(Fe + Zn) moral ratio in this study, were examined. In
addition, to obtain the optimum preparation conditions resulting in the maximum turbidity
and ammonia nitrogen (NH3-N) removal, response surface methodology was used to assess
their interactive effects on coagulation performance, and quadratic models based on the
high value (>0.97) of determination coefficient (R2) were conducted for the response
variables: turbidity and NH3-N removal efficiency. The results showed that optimum
preparation conditions were found to be polymerization temperature of 65˚C,
polymerization time of 80min, and Si/(Fe + Zn) moral ratio of 0.73, corresponding to pre-
dicted turbidity and NH3-N removal percentages of 96 and 77.03, respectively. Besides, the
structure and morphology of PSFZ were characterized by X-ray diffraction, infrared
spectroscopy, and scanning electron microscope. The comparison between quadratic
regression equations of turbidity and NH3-N removal was evaluated using interpolation
method, in which the optimized preparation conditions were proved to be suitable with
deviation error of 2–4%.

Keywords: Poly-Si-Fe-Zn coagulant; Industrial wastes; Response surface methodology;
Turbidity and NH3-N removal

1. Introduction

In recent years, eutrophication caused by increas-
ing nitrogen and phosphorus has become a severe
environmental problem that human beings face.
Therefore, investigation on nitrogen and phosphorus
removal has attracted more and more attention in the
field of wastewater treatment [1]. There are two
ways to remove ammonium nitrogen in general:
physicochemical and biological methods, where

biological method is used widely [2]. But there still
existed some problems in conventional biological deni-
trification process: high consumption of oxygen and
energy, unstable operation, etc. [3,4]. Compared with
biological method, chemical method has the advanta-
ges of high efficiency and wide application rage [5].
Accordingly, to overcome these difficulties, a
physicochemical technology was studied in this work
to remove nitrogen, in which a new coagulant
prepared from industrial wastes was probed.
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Solid industrial waste pollution is increasingly seri-
ous. Coal fly ash is generated as an industrial waste in
the process of coal combustion in thermal power
plant, and their production was estimated to be
780Mt annum [6]. Fly ash consists of silicon, iron, alu-
minum, calcium, and a few other compounds, such as
magnesium, sodium, and potassium oxides. The sum
of silicon, aluminum, and iron oxides can commonly
be as high as 80% [7,8]. In addition, Galvanized iron
slag generated from galvanized industry is a solid
waste, which consist of zinc, iron, and other metals.
As far as we know, iron and zinc are important metal
elements to prepare inorganic coagulant [9]. Therefore,
the preparation of poly-Si-Fe-Zn (PSFZ) using indus-
trial wastes has its practical basis.

Conventionally, the optimization of multifactor
experiments is generally carried out by varying a sin-
gle factor while keeping the other factors fixed at a
specific set of condition. This experimental design is
time-consuming and incapable of effective optimiza-
tion. In recent years, response surface methodology
(RSM) has been employed to develop, improve, and
optimize the experimental design based on a collection
of statistical and mathematical technique. The main
advantage of RSM is the reduced number of experi-
mental trials required to assess multiple parameters
and their interactions [10,11]. The application of this
method on the development of suitable water treat-
ment is rarely reported.

In this work, the composite coagulant PSFZ coagu-
lant was synthesized using industrial wastes. In order
to optimize the preparing conditions, the effect of
polymerization temperature, time, and Si/(Fe + Zn)
moral ratio on turbidity and NH3-N removal efficiency
was investigated, while the RSM was employed to
study their mutual effect and obtain the optimum
preparation conditions. In addition, the characteriza-
tion of PSFZ was analyzed by X-ray diffraction (XRD),
infrared spectra (IR), and scanning electron
microscope.

2. Materials and methods

2.1. Materials

The industrial wastes used in this study include
coal fly ash and galvanized iron slag, which were
obtained from Huang Tai Thermal Power Plant and
Zhongguan Galvanized Iron Plant (China), respec-
tively. The compositions of the wastes are shown in
Table 1. Coal fly ash and galvanized iron slag
compositions are determined by WFX–130A Atomic
absorption spectrophotometer (Beifen-Ruili, China).

2.2. Preparation of PSFZ coagulant

Preparation of PSFZ could be divided into the
following steps.

2.2.1. Pretreatment

Firstly, 85 mL NaOH solution (50% (w/w), analyti-
cal grade) was introduced into 20 g fly ash which was
screened with 200 mesh sieve, and was followed by
leaching of 60 min in SHA-B Thermostatic Water Bath
(Jintan Ronghua Instrument) at 90˚C to obtain leaching
solution. The Si2O concentration was determined by
potassium fluorosilicate method (GB/T 176-2008,
China) to be 0.53 mol/L.

Eighty-seven milliliter H2SO4 solution (35% (w/w),
analytical grade) and 16 g galvanized iron slag which
was smashed into irregular regiment massive with
equivalent diameter from about 0.5 to 1.5 cm were
added into a beaker, heated under stirring to 80˚C,
and kept for 90 min. After that, the mixture was fil-
tered. The Fe3+ and Zn2+ concentration were obtained
by EDTA titration (GB/T 176-2008, China) to be 0.43
and 0.22 mol/L, respectively.

2.2.2. Polymerization

Various amounts of water glass solution were
introduced slowly into the metal salt solution. Then
NaOH solution (0.5% (w/w), analytical grade) was
added to the mixture to polymerize 60–120 min under
50–80˚C and stirred to obtain a liquid product of PSFZ
with pH 1.5. The solution was aged for 48 h at normal
temperature and PSFZ was obtained.

2.3. Characteristics of coagulants

The samples of liquid coagulants were dried at
60˚C for 48 h and ground into powders, which were
analyzed by KBr pressed disk with Nicolet Tensor 27
IR Spectrum Meter (Bruker, German) and measured
with a D/MAXRB XRD Meter (Rigaku, Japan). The
surface morphology of solid PSFZ was observed and
analyzed by S-2500 SEM (Hitachi, Japan) at 5,000×
magnification.

2.4. Flocculation test

The water sample was collected from a landscape
lake located in campus of University of Jinan.
23.31 mg/L ammonium chloride was added into the
raw water sample due to the low concentration of
nitrogen and was followed by 10 min stirring mixing.

M. Li et al. / Desalination and Water Treatment 57 (2016) 6310–6319 6311



Supernatant was taken after settling 60 min as the
tested water sample. Then the tested water sample
with turbidity of 101 NTU, UV254 of 0.023 cm−1,
NH3-N of 7.45 mg/L, CODcr of 148 mg/L, and pH of
7.89 was obtained.

Coagulation-flocculation experiment with a six-unit
multiple stirrer system (JJ-4A, China) was performed
at the room temperature and the dose of PSFZ was
95 mg/L (as Fe + Zn). The dose of coagulant was deter-
mined by pre-experiment. Coagulant was added to the
tested sample (1 L), and the standard flocculation test
procedure consisted of a rapid mix at 250 r/min for
1 min after chemical addition, followed by two 10min
mixing periods at 40 and 20 r/min, respectively. Then,
the floc was allowed to settle for 10 min and 200 mL
supernatant sample was withdrawn from a position of
3 cm below the surface. Finally, turbidity and NH3-N
were measured with SZD-2 Turbidity Meter (Shanghai,
China) and Nessler’s reagent colorimetric method
using 752S Spectrophotometer (Beijing, China),
respectively.

2.5. Experimental design

The preparation conditions for PSFZ coagulant was
developed, modeled and optimized following the
RSM which was used to find the relationship between
one or more response variables and a set of quantita-
tive, experimental variables or factors. Box-Behnken is
a suitable design for sequential experiments to evalu-
ate appropriate information for testing lack of fit with-
out a large number of design points [12,13]. In this
study, the Box-Behnken with three factors (tempera-
ture, time, and Si/(Fe + Zn)) was utilized to determine
the effect of dependent factors, which include
responses of turbidity and NH3-N removal efficiency.

The three factors, or independent variables, were
coded at three levels between −1 and +1, where −1
and +1 correspond to the minimum and maximum
value of each variable, respectively, as noted in
Table 2. For statistical calculations, the variable Xi was
coded as Zi according to the following equation:

Zi ¼ Xi � X0

DXi
(1)

Xi is independent variable real value, X0 is indepen-
dent variable real value in center point of the indepen-
dent variable and DXi is the step change in Xi. Thus,
the coded variables range from −1 to +1.

According to Box-Behnken experimental design,
the investigation was carried out through 17 experi-
mental runs as presented in Table 3 using the Design-
Expert 8.0.6 (Stat-Ease Inc., Minneapolis, USA).

To formulate a simple model suitable for optimiza-
tion, the response is related to the selected variables
by linear and quadratic terms, as follows:

Y ¼ b0 þ
Xk

i¼1

biXi þ
Xk

i¼1

biiX
2
i þ

Xk

1� i� j� k

bijXiXj þ ei (2)

Y is the response, Xi and Xj are the factors, b0 is a
constant coefficient, bi, bii and bij are the interaction
coefficients of linear, quadratic, and second-order
terms, respectively, k is the number of studied factors,
and ei is the error. ANOVA was executed to obtain
the process factors and the response. The R2 and
adjusted R2 (R2

adj) were calculated to find out the good-
ness of fit of the model, and statistical significance
was evaluated by the F-value and P-value [14].

3. Results and discussion

3.1. Regression model and statistical analysis

The experimental results were evaluated with
Design-Expert 8.0.6 and the program recommended
the use of a quadratic model form for all dependent

Table 1
Composition of industrial wastes (wt.%)

Composition SiO2 Fe2O3 Al2O3 CaO MgO ZnO SO3 K2O Other

Coal fly ash 49.9 13.1 26.2 2.56 0.95 0.83 0.78 1.44 4.18
Galvanized iron slag 0.65 58.47 1.54 – – 38.92 – – 0.42

Table 2
The experimental domain factor and level for the Box-
Behnken design

Factors

Range and levels (coded)

−1 0 +1

Temperature (˚) X1 50 65 80
Time (min) X2 60 90 120
Si/(Fe + Zn) X3 0.6 0.8 1.0
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variables. In terms of actual factors, empirical relation-
ships between turbidity, and NH3-N removal and the
independent variables can be expressed as shown in
Eqs. (3) and (4):

Y1 ¼ 23:746þ 1:052X1 þ 0:197X2 þ 67:860X3

þ 0:002X1X2 � 0:126X1X3 � 0:065X2X3 � 0:008X2
1

� 0:002X2
2 � 30:719X2

3

(3)

Y2 ¼ �42:353þ 2:525X1 � 0:059X2 þ 131:056X3

þ 0:003X1X2 þ 0:358X1X3 þ 0:647X2X3 � 0:024X2
1

� 0:004X2
2 � 147:781X2

3

(4)

Table 4 displays the ANOVA results for the regression
model and respective model items. As indicated in
Table 4, the quadratic models obtained were signifi-
cant, as indicated by the low probability values
(P-value < 0.0001). Values of P-value less than 0.0500
indicate model terms are significant, while values
greater than 0.10 indicate that the model terms are not
significant. In this case, from Table 4 it is clear that
the linear terms for X1, X2, and X3 have large effects
on turbidity removal as X1 and X3 on NH3-N removal.
The quadratic terms for X1

2, X2
2, and X3

2 are also

significant on all of the dependent variables. In addi-
tion, the interaction terms for X1X2 and X2X3 are sig-
nificant on turbidity and NH3-N removal, respectively.
Furthermore, the lack of fit F-values of 0.64 and 3.4
obtained was statistically significant for turbidity and
NH3-N removal, respectively, because their p-values
were less than 0.05. A high R2 value, close to 1,
ensures a satisfactory adjustment of the quadratic
model to the experimental data. The values of the
determination coefficient R2 were 0.9748 and 0.9864
for turbidity and NH3-N removal, respectively, all of
which are greater than 0.80. The determination coeffi-
cient R2 should be at least 0.80 for a good model fit.

Fig. 1 shows normal probability plots of the studen-
tized residuals for turbidity and NH3-N removal,
respectively. The straight line formed in Fig. 1 indicates
that the studentized residuals follow a normal distribu-
tion. If the residuals do not follow a distribution, an
S-shape curve is formed, and this type of curve often
results from the use of an incorrect model [15].

Fig. 2 plot the studentized residuals vs. predicted
responses. This plot is expected to be a random scat-
ter, indicating that the variation in the original obser-
vations is not related to the value of response. And
the random scattering of the residuals in Fig. 2 shows
that the suggested model is an appropriate description
of the process.

Table 3
The Box-Behnken design matrix for experimental design, observed, and predicted responds

Run no.

Real (coded) values Response (Y %)

X1 X2 X3

Turbidity removal NH3-N removal

(℃) (min) Predicted Experiment Predicted Experiment

1 50(−1) 60(−1) 0.8(0) 93.98 94.21 70.34 71.13
2 80(1) 60(−1) 0.8(0) 94.77 94.83 65.22 65.30
3 50(−1) 120(1) 0.8(0) 90.55 90.49 66.16 66.08
4 80(1) 120(1) 0.8(0) 93.82 93.59 65.90 65.11
5 50(−1) 90(0) 0.6(−1) 91.08 90.82 71.52 70.48
6 80(1) 90(0) 0.6(−1) 93.86 93.77 66.68 66.36
7 50(−1) 90(0) 1.0(1) 93.71 93.80 59.79 60.11
8 80(1) 90(0) 1.0(1) 94.98 95.24 59.25 60.28
9 65(0) 60(−1) 0.6(−1) 93.56 93.59 75.98 76.23
10 65(0) 120(1) 0.6(−1) 92.16 92.48 66.47 67.58
11 65(0) 60(−1) 1.0(1) 96.21 95.89 58.64 57.53
12 65(0) 120(1) 1.0(1) 93.25 93.22 64.65 64.40
13 65(0) 90(0) 0.8(0) 96.38 96.58 75.66 75.86
14 65(0) 90(0) 0.8(0) 96.38 95.51 75.66 74.38
15 65(0) 90(0) 0.8(0) 96.38 96.80 75.66 76.50
16 65(0) 90(0) 0.8(0) 96.38 96.49 75.66 75.88
17 65(0) 90(0) 0.8(0) 96.38 96.52 75.66 75.68
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3.2. RSM analysis

In RSM analysis, the sensitivity of responses to the
independent variables can be included by the there-
dimensional (3D) graphs. Variables with the largest
absolute coefficients in the models were chosen for the
axes of the response surface plots. This was useful to
visualize the relationship between the value of
response and the level of each factor [16]. The

influence of the three different process variables on
turbidity and NH3-N removal is shown in the 3D
response surface plots.

3.2.1. RSM analysis on turbidity removal

Fig. 3 presents the relationship between turbidity
removal and the independent variables X1, X2, and X3.

Table 4
ANOVA for the regression model and respective model terms

Source DF

Turbidity removal NH3-N removal

Sum of
squares

Mean
square F-value p-value

Sum of
squares

Mean
square F-value p-value

Model 9 57.47 6.39 30.13 <0.0001* 627.71 69.75 56.57 <0.0001*
X1 1 8.22 8.22 38.79 0.0004* 14.45 14.45 11.72 0.0111*
X2 1 9.55 9.55 45.05 0.0003* 6.16 6.16 5 0.0605*
X3 1 7.01 7.01 33.09 0.0007* 183.65 183.65 148.96 <0.0001*
X1X2 1 1.54 1.54 7.25 0.0309* 5.9 5.9 4.79 0.0648*
X1X3 1 0.57 0.57 2.69 0.145** 4.6 4.6 3.73 0.0947**
X2X3 1 0.61 0.61 2.87 0.134** 60.22 60.22 48.84 0.0002*
X1

2 1 12.8 12.8 60.4 0.0001* 124.66 124.66 101.11 <0.0001*
X2

2 1 7.74 7.74 36.54 0.0005* 46.24 46.24 37.5 0.0005*
X3

2 1 6.36 6.36 29.99 0.0009* 147.13 147.13 119.34 <0.0001*
Residual 7 1.48 0.21 8.63 1.23
Lack of

fit
3 0.48 0.16 0.64 0.6305 6.2 2.07 3.4 0.1342

Pure
error

4 1.01 0.25 2.43 0.61

Total 16 58.95 636.34

R2
turbidityremoval ¼ 0:9748; R2

NH3-N
¼ 0:9864.

*Significant at p < 0.05; **Significant at p < 0.05.

Fig. 1. Normal % probability and studentized residuals plot.
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Three-dimensional surface plots were formed based
on the model polynomial function.

As indicated in Fig. 3(a), the removal of turbidity
increased firstly with increasing of temperature from
50 to 65˚C and then was followed by a slow decrease
from 65 to 80˚C, in which other factors were involved
in multiple interactions. The optimum temperature
was 65˚C for turbidity removal with time of 90 min
and Si/(Fe + Zn) of 0.8, in which the maximal remov-
ing rate of turbidity by PSFZ achieved about 96%. In
addition, Fig. 3(a) shows the combined effects of tem-
perature and time on turbidity removal based on the
fitted second-order polynomial equation. The removal
efficiency increased with increase of temperature rang-
ing from 60 to 75˚C as well as with time ranging from
60 to 100 min and was found to be a function of the
linear and quadratic effects of temperature and time.
The linear effect (p < 0.001) and quadratic effect (p <
0.001) was positive, which resulted in a curvilinear
increase on turbidity removal. Furthermore, the inter-
action effect (p < 0.05) between temperature and time
was significant (Table 4).

As seen from Fig. 3(b) and (c), PAFZ give high
removing turbidity effect, indicating that time and
ratio of Si to (Fe + Zn) also have significant effect on
turbidity removal, as noted in Table 4. PSFZ per-
formed similar changing trend of turbidity removal to
that of temperature: increased firstly and then was fol-
lowed by a decrease. The mutual effect was performed
in Fig. 3(b) and (c), indicating that increasing Si/(Fe +
Zn) molar ratio, while decreasing the time could
improve turbidity removal efficiency, especially at
higher Si/(Fe + Zn) molar ratio and lower time. There
was an increase in turbidity removal as ratio of Si to

(Fe + Zn) increased within the investigated range of
temperature.

3.2.2. RSM analysis on NH3-N analysis

The relationship between NH3-N removal and the
operational variables X1, X2, and X3 can be employed
by 3D surface plots and Fig. 4 displays the 3D surface
plots among the three factors.

Fig. 4(a) and (b) show the highest removal of
NH3-N by PSFZ coagulant was almost same with the
temperature ranging from 55 to 72˚C, time ranging
from 65 to 105 min, and Si/(Fe + Zn) molar ratio rang-
ing from 0.6 to 0.8. The mutual effects of independent
variables also were obtained by Fig. 4(a) and (b). The
decreasing of time and Si/(Fe + Zn) molar ratio could
improve NH3-N removal efficiency to some extent
under certain temperature. However, according to
ANOVA, the interaction between temperature and
time (p > 0.05) as well as the interaction between tem-
perature and Si/(Fe + Zn) moral ratio (p > 0.05) were
insignificant.

Fig. 4(c) gives the performance of NH3-N removal
at varying time and moral ratio of Si to (Fe + Zn). It
indicated that decreasing the Si/(Fe + Zn) moral ratio
from 0.8 to 0.6 and time from 100 to 60 min could
increase removal efficiency, especially at lower
Si/(Fe + Zn) moral ratio and time. In addition, the lin-
ear effect of time (p > 0.05) was negative, whereas the
quadratic effect (p < 0.001) was positive, which
resulted in a curvilinear increase in NH3-N removal.
The Si/(Fe + Zn) moral ratio had a pronounced effect
on response. The linear and quadratic effects were
both positive, which explained the observed nature of

Fig. 2. The studentized residuals and predicted response plot.
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the curve. Besides, the interaction effect between time
and moral ratio of Si to (Fe + Zn) (p < 0.001) was
found to be extremely significant.

3.3. Characteristics of PSFZ

3.3.1. Analysis of IR spectra

Fig. 5 presents the IR spectra of PSFZ. The peak at
3,200–3,500 cm−1 is assigned to the intermolecular
association stretching vibration of –OH [17]. The peaks
at 1,632–1,640 cm−1 and 1,405–1,406 cm−1 could be
attributed to the bending vibration of water absorbed,
polymerized, and crystallized, while the former peak
corresponds to the same peak at 1,631 cm−1 and the
latter one corresponds to the same peak at 1,403 cm−1.
The above peaks increase in intensity. It implies that
PSFZ contains massive –OH and –OH is mainly asso-
ciated or free.

The peak at 1,138 cm−1 correspond to the asymmet-
ric stretching vibration of Fe–OH–Fe or Zn–OH–Zn.
PSFZ shows large absorption peaks at the above peak,
probably because the peak position of Fe–OH–Fe or

Zn–OH–Zn is affected by the folder angle and the
adjacent elements. The wave at 988 cm−1 is attributed
to the symmetrical stretching vibrations of Si–O–Fe
and Si–O–Zn [18]. These bonds hydrolyze during
coagulation and produce a hydroxyl complex with
mono-core or multi-core silicon, and high abilities of
neutralization, adsorption, and capture. Wavenumbers
around 796 cm−1 correspond to the connection of tetra-
hedron of Si–O–Si, and are not present in the spectra of
PSFZ, which suggest that PSFZ have a reticular forma-
tion. In addition, the peaks at 470–650 cm−1 are
assigned to the bending vibrations of Fe–OH and
Zn–OH and the winding vibration of Fe–O and Zn–O.
These peaks disappear and are superimposed at 598
and 488 cm−1, which suggest that Fe(III) and Zn(II)
hydroxyl polymers are cross-copolymerized. Overall,
the IR analysis results support the statement that PSFZ
is a complex compound of Si and metal ions.

3.3.2. XRD analysis

Fig. 6 illustrates the XRD spectra of PSFZ. As shown
in Fig. 6, various peaks can be observed, indicating a

Fig. 3. Response surface for turbidity removal as a function of (a) temperature and time (Si/(Fe + Zn): 0.8), (b) temperature
and Si/(Fe + Zn) (time: 90 min), and (c) time and Si/(Fe + Zn) (temperature: 65˚C).
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crystalline character of PSFZ. We can see that PSFZ
mainly consist of Zn2Fe6Si3O12(OH)4, Fe4O2(OH)8,
Ca2Zn2Fe4Si3O12(OH)2, and Ca4Si8O12(OH), but the

diffractive crystals such as ZnO, ZnSO4, Zn(OH)2,
Fe2O3, Fe3O4, Fe2(SO4)3, and SiO2 are not observed. This
result implies that PSFZ is complex compounds of Zn,

Fig. 4. Response surface for NH3-N removal as a function of (a) temperature and time (Si/(Fe + Zn): 0.8), (b) temperature
and Si/(Fe + Zn) (time: 90 min), and (c) time and Si/(Fe + Zn) (temperature: 65˚C).

Fig. 5. IR spectra of PSFZ. Fig. 6. XRD spectra of PSFZ.
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Fe, Si, and other ions, rather than a simple mixture of
the raw materials. This explanation agrees with the sug-
gestions by Moussas and Zouboulis [19]. In addition,
some new compounds were formed (at 2θ = 18.4º, 20.9º,
24.7º, 29.6º, 32.4º, 35.8º, and 45.9º), indicating that PSFZ
contains new complex compounds without standard
molecular formula or new matters excluded in the XRD
card. In short, the XRD spectra analysis shows that
PSFZ is a complex hydroxyl polymer, and agree with
the conclusion of IR analysis.

3.3.3. Surface morphology

Fig. 7 displays the surface morphology of powder
sample PSFZ. As shown in Fig. 7, PSFZ almost
appeared to be a kind of uniform network structure
consisting of some shale-like structure with small size,
and the top ends of the shale-like unite were arranged
densely or loosely on the structure with some gaps
among them. The distances of the gaps were different
from each other and some gaps were not clear. A ser-
ies of pleated ditches with different width and depth
were distributed among the loose structures, in which
lots of protuberant parts increased the surface energy
and absorption area, which would be conducive to
continuous absorption of pollutants. Besides, the
branch-like structure made up of small irregular units
also could be detected. It implies a cross-copolymeri-
zation between Zn, Fe, and Si in PSFZ, and the
branch-like units would adsorb and connect with

colloidal particles in wastewater, which accelerates
their sedimentation.

3.4. Optimization of preparation conditions

Optimization was performed on the basis of
response equations to determine the optimal synthesis
conditions for PSFZ prepared. The optimal prepara-
tion conditions for maximum turbidity and NH3-N
removal efficiency (96 and 77.03%, respectively) were
temperature of 65˚C, time of 80 min, and Si/(Fe + Zn)
moral ratio of 0.73. In addition, to confirm the validity
of the regression equations, mean value interpolation
was employed, by which five experiments approxi-
mated the predicted preparation conditions were
obtained. For each run, three repeatability experiments
were conducted and the results would be compared
with those predicated by regression equations.

As shown in Fig. 8, both measured turbidity and
NH3-N removal were close to those predicted values
using RSM. The relative errors of predicted and esti-
mated values were between 2 and 4%. This testifies
that RSM approach was appropriate for optimizing
the preparation conditions of PSFZ coagulant.

4. Conclusions

The objective of this study was to explore the
optimal preparation conditions of PSFZ coagulant on
turbidity and NH3-N removal efficiency using RSM.
RSM was appropriate for determining the optimum
conditions, understanding the relationships among the
independent factors and response variables, and maxi-
mizing the process efficiency. The results reveal that
the optimal preparation conditions were temperature
of 65˚C, time of 80 min, and Si/(Fe + Zn) moral ratio
of 0.73, corresponding to turbidity and NH3-NFig. 7. Surface morphology of PSFZ.

Fig. 8. Comparison between predicted and measured
values.
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removal percentages of 96 and 77.03, respectively. Five
verification experimental runs which were obtained
from regression equations using mean value interpola-
tion were carried out, and the relative errors of the
measured and predicted values were between 2 and
4%. The regression equations could be used as theoret-
ical basis for preparation process of PSFZ on turbidity
and NH3-N removal efficiency. They are helpful to
flexibly select the appropriate process parameters in
the engineering applications. Furthermore, the IR and
XRD spectra analysis results indicate that PSFZ is a
complex compound of Zn, Fe, and Si, and morpholog-
ical analysis shows that PSFZ has some shale-like,
branch-like, and pleated ditch structures, which sug-
gest that PSFZ has strong adsorption bridging ability.
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