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Removal of phosphate in secondary effluents was investigated in presence of Fe2+/H2O2. The effect
of H2O2-dose, Fe-dose and initial phosphate concentration were assessed. The results indicated that
Fe2+/H2O2 could greatly increase the removal of phosphate compared with those achieved by Fe2+

alone. For initial phosphate concentration of 0.97–3.75 mg P/L, phosphate removal rates of 50–60% were
observed at 1:1 molar addition of Fe(II). However, a 125% excess of Fe-dose was necessary for complete
phosphate removal. The experimental data demonstrated that removal of phosphate with Fe2+/H2O2 was
hosphate
o-precipitation

n situ formed Fe3+

econdary effluent
ydroxyl radical

higher than that observed with ferric coagulation alone. This fact suggested that in situ formed Fe(III)
having much affinity for ligand phosphate. Chemical co-precipitation was considered as the dominant
mechanism about phosphate removal in presence of Fe2+/H2O2. The electron paramagnetic resonance
(EPR) spectra tests in secondary effluents showed that Fe2+/H2O2 could produce an increasing hydroxyl
radical concentration with a decrease in both H2O2 dosage and phosphate concentration. Fe2+/H2O2 had
the potential to be utilized for removal of phosphate due to the lower cost and the higher phosphate
removal capability.
. Introduction

Eutrophication has long been considered as one of the major
ater pollution issues in many countries, because it severely dete-

iorate the water quality in terms of high turbidity, low dissolved
xygen concentration, unpleasant odor, and bad flavor [1]. Phos-
horus present in domestic wastewater was an important nutrient,
nd the discharge of this nutrient into natural waters would lead
o impairing the drinking water sources considerably. Some studies
ave confirmed that phosphorus concentrations in secondary efflu-
nts were over sewage standard [2–5]. Therefore, the phosphate
ust be removed from secondary effluents before their dispersion

n the environment.
Most of the soluble phosphate removal was based on chemical

mmobilization of P by chemical precipitation with di- or trivalent

etal salts. Aluminum and iron salts had received considerable

nterest from environmental chemists due to their applications
s coagulants in water treatment [6] and as phosphate remov-
ng agents in tertiary sewage treatment [7]. It is well known that
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Fe(III)- and Al(III)-based coagulants are used to reduce phospho-
rus and other contaminants in the secondary effluent for reuse
[2,5,8–10]. The P chemistry is strongly related to the Fe chemistry
due to the strong interaction of P with Fe and Fe-oxyhydroxides
[11–13]. Some studies confirmed oxides can incorporate P both in
laboratory experiments [14,15] and in field observations [12,13,16].
Other researches had already indicated that Fe(III) was more effec-
tive than aluminum in chemical precipitation of phosphorus as
indicated by the residual phosphate in solution and the amount
of phosphorus removed by 1 mol of coagulant [3,7,17]. Iron oxyhy-
droxides are capable of incorporating P during growth as a result
of oxygenation of anoxic Fe(II)-rich water. Leckie and Stumm found
a phenomenon that homogeneous precipitation of phosphate by
iron(III) formed in situ by oxidation of iron(II) is more effective than
precipitation by added iron(III) salts [18]. Moreover, Fe salts are less
of an environmental concern. In addition, ferrous salt was cheaper
than ferric salt (http://net.chemnet.com). So, Fe(III) in situ formed
from the oxidation of ferrous salt would be an alternative way for
phosphate removal based on its cost-effective and strong affinity
for phosphate. However, literature about phosphate removal by
iron(III) formed in situ by oxidation of iron(II) was less.
This study focuses on the potential contribution of Fe2+/H2O2
to the phosphate removal. The present paper deals with the
study of phosphate removal in secondary effluents in presence of
Fe2+/H2O2; in a subsequent paper the results of a similar study in
solutions in the presence of Fe2+/H2O2 will be presented. These

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:lichunjuan@gmail.com
mailto:majun@hit.edu.cn
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Table 1
Characteristics of source water.

Parameters Ranges

pH 7.0–8.5
Turbidity (NTU) 2.9–6.0
UV254 (cm−1) 0.108–0.246
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in presence of H2O2.
The phosphate removal was obviously increased by increas-

ing H2O2 dosage at [H2O2]0 < around 5 mg/L. At [H2O2]0 > around
5 mg/L, further increasing H2O2 dosage could not improve the
OD (mg/L) 35.6–68.9
OC (mg C/L) 8.40–31.7
H4

+–N (mg N/L) 10.2–50.7
rthophosphate (mg P/L) 0.30–3.11

tudies have yielded insight into the reactions between in situ
ormed ferric and phosphate.

The main objective of this study was to study the phos-
hate removal by Fe2+/H2O2 under natural pH condition. The
ffect of H2O2-dose, Fe-dose and initial phosphate concentration
ere assessed. Some important parameters such as final phos-
hate concentrations and final pH values were measured. The
econd objective was providing insight into the difference between
e2+/H2O2 and ferric coagulation alone with respect to the phos-
hate removal in secondary effluents.

. Materials and methods

.1. Materials and sample preparation

The secondary effluents used in this study were taken from Wen-
hang sewage treatment plant in city Harbin of China, in which the
naerobic/aerobic (A/O) process was used. The effluent characteris-
ics, as measured during the course of this study, were summarized
n Table 1. Orthophosphate concentrations (mg P/L) were ranged in
range of 0.30–3.11, most of which was over 0.50 mg P/L (National
tandard of PRC Integrated Sewage Discharge Standard).

All the tests were carried out using a program controlled six
addle stirrer (TA6-4, Wuhan, China). In this study, solid FeSO4
as added to effluents before adding H2O2. Then, the reactions
ere immediately initiated by adding specific amount of H2O2.

olid ferric chloride was used in experiments when compared to
erric coagulation alone. After reagents mixing for 5 s at 300 rpm,
olutions were under rapid mix at 300 rpm for 1 min followed by
low mix at 60 rpm for 10 min. Then the samples were filtered
ith 0.45 �m-pore membrane, followed by various analyses. The

eagents were of laboratory reagent grade, except for the case men-
ioned elsewhere.

In the experiment of varying initial phosphate concentration,
H2PO4 would be used to adjust the phosphate content of efflu-
nts and then followed by adjusting the pH values using 0.01 mol/L
aOH and 0.01 mol/L HCl.

In the experiment about EPR tests, the initial effluents were
rstly filtered with 0.45 �m-pore membrane. Then, phosphate con-
ent and pH were adjusted and reagents were added to initiate the
eaction. Finally, EPR tests were carried out.

.2. Analytical methods

Before and after adding a known amount of Fe(II) or Fe(III),
he phosphate concentration in each experiment was analyzed
y spectrophotometric measurement at 700 nm (An UV–visible
pectrophotometer UV2550, Shimadzu, Japan) after reaction with
olybdate and ascorbic acid in accordance with the standard meth-

ds (Water and Wastewater Monitoring and Analysis Method, the

ourth Edition, China, 2002). TOC (dissolved organic carbon) was
easured with a TOC analyzer (multi N/C 3100, Analytikjena, Ger-
any).
An EMX EPR spectrometer (A200S-9.5/12, Brucker, Germany)

as used to measure the electron paramagnetic resonance sig-
Fig. 1. Effect of H2O2 dosage on phosphate removal in presence of Fe2+/H2O2. Exper-
imental conditions: [PO4

3−]0: 2.52 mg P/L, initial pH 7.20 and T = 22 ◦C.

nals with the DMPO (5,5-dimethyl-1-pyroline-N-oxide, Sigma) as
the radical adduct. The settings were selected as follows: cen-
ter field = 3511.940C, sweep width = 100.000G, resolution = 1024
points, frequency = 9.857 GHz and power = 2.301 mW.

3. Results and discussion

3.1. Effect of H2O2

The experiments were performed at initial phosphate con-
centration of 2.52 mg P/L and initial pH 7.20. It was found that
Fe2+/H2O2 could greatly increase the removal of phosphate com-
pared with those achieved by Fe2+ alone. As it appeared in the
intercept of the y-axis of Fig. 1, in which H2O2 was not added, the
residual phosphate in secondary effluent with Fe2+ alone was near
100%. The data demonstrated that Fe2+ alone was not efficient in
removing phosphate (Fig. 1). In evidence, the increase in the phos-
phate removal was coincident with a conversion of Fe(II) to Fe(III)
Fig. 2. Effect of mole ratios of Fe/P on phosphate removal in presence of Fe2+/H2O2.
Experimental conditions: [H2O2]0: 5 mg/L, initial pH 7.20 and T = 22 ◦C.
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hosphate removal. The flat part of the curve presented a com-
lete oxidation of Fe(II) which suggested excessive H2O2 could
ot improve the phosphate removal at constant Fe(II) dosage. The
echanism of these reactions with respect to hydrogen peroxide

s very complex and may change with conditions of the reaction
nd the type of catalyst. The dissociation constant of H2O2 is equal
o 11.62 (H2O2(aq) ↔ H+

(aq) + HO2
−

(aq), [19]). In this experiment, the
H values were varied in a range of 6.7–7.2 (Fig. 4), resulting in
hat H2O2 was not under dissociation. However, hydrogen perox-
de was rapidly decomposed with increasing pH above 5 [20]. So, at
nitial pH 7.2, an optimum H2O2 dosage of 5–10 mg/L was obtained
H2O2/Fe(II) mole ratio = about 1.6:1 to 3.2:1, [21]). Over a reason-

ble amount, the effect of hydrogen peroxide on the phosphate
emoval is gradually increased because of increasing transforma-
ion of ferrous to ferric in solutions that was consistent with the

echanism about phosphate removal.

Fig. 4. In comparison with ferric coagulation alone. Experimenta
aterials 166 (2009) 891–896 893

3.2. Effect of mole ratios of Fe/P and initial phosphate
concentration

The phosphate removal were plotted against the mole ratio
of Fe/P in Fig. 2 which showed the residual phosphate concen-
tration was gradually decreased with an increase in the mole
ratios of Fe/P, at [H2O2] of 5 mg/L. At the mole ratio of Fe/P = 1.0,
only the half of the initial phosphate was removed. More than
96% of phosphate was removed at the mole ratio of Fe/P close to
2.2, for the initial phosphate concentrations used in our experi-
ments.

The chemical reactions between phosphate and ferric ions in
wastewater were complex and resulted in a larger stoichiometric
ratio than that required by precipitation reaction alone. Theoreti-
cally, the mole ratio of Fe/P is 1:1 for the P removal using chemical
precipitation with coagulants. However, it was indicated that here
the ratio is to be higher, such as, the Fe/P mole ratio of 1.7 could
reach about 90% P removal at [PO4

3−]0 = 0.97–3.75 mg P/L. Similar
deviations from the stoichiometric ratio are found in several previ-
ous studies. Arias and coworkers [22] reported an AI/P mole ratio
of 3 leading to the P removal of 60–80%, Xie et al. [5] indicated an
AI/P mole ratio of 3.02 leading to the P removal of more than 80%.
In the study of Wang et al. [3], after the optimization procedure, the
maximum P removal efficiency for secondary effluent was reached
at a pH of 6.3 and with a dose ratio of 4.13:1 (Al:P) for aluminum
sulfate (97.43%), at a pH of 5.4 with a dose ratio of 4.37:1 (Al:P) for
polyaluminum chloride (96.36%), at a pH of 7.0 with a dose ratio
of 2.95:1 (Fe:P) for ferric sulfate (89.29%). Obviously, many organic
and inorganic ligands existing in secondary effluents would take
part in coordination with Fe3+.

The largest phosphate removal are associated with the highest
values in the Fe:P ratio. These results clearly showed that the mole
ratios of Fe/P were the determining factor for phosphate removal
using precipitation with iron species. Detailed discussion can be

seen in Section 3.3.

Changes in residual phosphate concentration versus initial
phosphate concentration are presented in Fig. 3. As seen from Fig. 3,
the phosphate removal percentage is decreased with an increase in

l conditions: [H2O2]0: 5 mg/L, initial pH 7.20 and T = 22 ◦C.



894 C. Li et al. / Journal of Hazardous M

Table 2
Relationship between iron dosage and removed phosphate in first stage.

[PO4
3−]0 mg P/L Fe3+ coagulation R2 Fe2+/H2O2 R2

1.00 y = 2.48x − 0.0367 0.9916 y = 2.06x + 0.0213 0.9932
1.97 y = 2.16x − 0.1007 0.9920 y = 1.75x − 0.1617 0.9941
3.78 y = 1.86x + 0.0579 0.9982 y = 1.63x − 0.115 0.9941

R2 is the square of correlation coefficient; y (mg Fe/L) is iron dosage; x (mg P/L) is
removed phosphate concentration.

Table 3
Stability constants for formation of complexes and solids from metals and ligands
[6].

Reaction Stability constants

Fe3+ + OH− = [FeOH]2+ log K = 11.8
Fe3+ + 2OH− = [Fe(OH)2]+ log K = 22.3
Fe3+ + 4OH− = [Fe(OH)4]− log K = 34.4
Fe3+ + 3OH− = [Fe(OH)3]+ (s) log K = 42.7
Fe3+ + H2PO4

− = [FeH2PO4]2+ log K = 23.9
Fe3+ + HPO4

− = [FeHPO4]+ log K = 22.2
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e3+ + nHPO4
− = [Fe(HPO4)n](3−2n)+ log K = 3.61–9.85

e3+ + PO4
3− = [FePO4] (s) log K = 26.4

e3+ +H2O + H2PO4
− = [Fe(OH)PO4]− + 3H+ log K = 4.33

nitial phosphate concentration, at the iron dosage of both 5 and
0 mg Fe/L.

It should be noted that at initial phosphate concentration >3 mg
/L, Pinitial − Presidual was kept constant of about 2.10 mg P/L and not
urther increased, at ferrous dosage = 5 mg Fe/L. Clearly, adding fer-
ous of 5 mg Fe/L resulted in a maximum P removal of 2.10 mg P/L. In
ontrast, at ferrous dosage = 10 mg Fe/L, Pinitial − Presidual was always
ncreasing and the P removal did not reach maximum.

.3. Comparison with traditional ferric coagulation alone

Some interested results were illustrated in Fig. 4. The phos-
hate removal by both Fe2+/H2O2 and ferric coagulation alone
ollowed the same general trend (Fig. 4a–c). Two stages can be
haracterized, for which the first is linear dependent on the iron
osage. The second stage represents the stage when the phosphate
emoval is slowly increased and finally near to 100%. Although
he data are scattered, it can be clearly seen that the higher the
ron dosage, the more the phosphate removal. Table 2 listed linear
ependency of removed phosphate on the iron dosage. The second
tage can clearly be recognized, showing phosphate removal levels
ff.

The entrance of H2O2 caused oxidation of Fe(II) to Fe(III) which
esulted in subsequent precipitation due to the insoluble nature
f iron(III) oxyhydroxides and phosphates, similar with the results
resented in the literature [23]. In addition to precipitation of Fe
hases, precipitation of calcium may occur. It is assumed that the
otential uptake of phosphate by calcium carbonates is negligi-

le since iron hydroxides precipitation is a fast kinetic process
24,25], whereas calcite precipitation is a slow kinetic process [26].
s well known, adsorption (phosphate was assumed to form inner-
phere complexes with Fe oxides) [27] and precipitation (phosphate
as formed complexes with Fe or Fe hydrolysis species) [28] were

able 4
conomic comparison.

PO4
3−]0 (3.78 mg P/L) Dosage (mg/L) Residu

e3+(FeCI3·6H2O: ∼3800/t)b 10 0.89

e2+(FeSO4·7H2O: ∼420/t)b 10
0.49

2O2(27.5%H2O2: ∼1400/t)b 10

a Renminbi.
b http://net.chemnet.com.
aterials 166 (2009) 891–896

considered as the alternative mechanisms for phosphate removal.
Other study indicated that the main mechanism of phosphorus
removal on addition of ferric chloride and alum involves the pre-
cipitation of metal oxyhydroxides and subsequent adsorption of
phosphorus by ligand exchange [29]. But, the effective P removal by
adsorption took a long time of several hours or several days [30,31].
Lijklema reported that the sorption equilibrium was not reached
within 24 h in presence of the fresh precipitate [11]. It is worth not-
ing that in our study, it took about 11 min to effectively remove
phosphate. It could be indicated that dominant mechanism for the
phosphate removal with Fe2+/H2O2 was co-precipitation, similar
with those by ferric coagulation alone.

The residual phosphate decreased in a nearly linear fashion
with the amount of iron added. Values for removed phosphate
were directly proportional to the iron dosage up to removed phos-
phate = 65 and 80%, with Fe2+/H2O2 and Fe3+ coagulation alone,
respectively. The transition point represented a decrease in effec-
tive use of iron. Table 2 showed the relationship that exists between
iron dosage and removed phosphate in first stage of Fig. 4. The
results showed that at [PO4

3−]0 from 3.78 to 1.00 mg P/L, removal
of 1 mol phosphate need an iron dosage from 1.63 to 2.06 mol and
from 1.86 to 2.48 mol for Fe2+/H2O2 and ferric coagulation alone,
respectively. Overall, removing one mole phosphate need to add
more than one mole iron. It should be noted that iron dosage for
removing one mole P was gradually decreased with an increase
in initial phosphate concentration, for both Fe2+/H2O2 and ferric
coagulation alone.

Phosphate ions could compete with hydroxyl ions for Fe(III)
(Table 3). In evidence, Fe3+ ions could take part in both
complexation-precipitation with phosphate ions and hydrolysis-
precipitation with hydroxyl ions, simultaneously. The removal of
phosphate by precipitation with iron had been modeled by Fytianos
et al. using a model which included a total of 15 chemical reactions
and four solid phases with the option of single-phase precipita-
tion or two-phase co-precipitation [28]. The respective chemical
equations are as follows:

Fe(OH)3(s) ↔ Fe3+ + 3OH− (1)

FemPO4(OH)3m−3(s) ↔ mFe3+ + PO4
3− + (3−m)OH− (2)

where m > 1.
These results occurring during removing phosphate process can

be explained based on equations above. Increasing initial phos-
phate concentration would significantly enhance complexation
reaction between phosphate and Fe(III) and hydroxyl ions was par-
tially replaced by phosphate, which would result in an increasing
binding between phosphate and Fe(III) and then forming some
solid hydroxyl phosphate ferric complexes. When m = 1, hydrol-
ysis product was formed as solid FePO4 (log Ksp = −23). Fytianos
and coworkers [28] had already reported some solid hydroxyl
phosphate ferric complex as Fe2.5PO4(OH)4.5 (log Ksp = −97) and

Fe1.6H2PO4(OH)3.8 (log Ksp = −67.2).

The final pH values were recorded in Fig. 4d–f. It is obvious
that the final pH values were decreased with an increase in iron
dosage, which suggested that Fe(III) had an obvious tendency to
hydrolyze in solution with both Fe2+/H2O2 and ferric coagulation

al P (mg P/L) P removal (%) Charge (Yuana/t)

76.5% 0.038

87.1% 0.028

http://net.chemnet.com/
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ig. 5. EPR spectra characteristics of the •OH-radical adduct during phosphate rem
or (b) and (d); [PO4

3−]0 = 0.5 mg/L for (a) and (b); 5.0 mg/L for (c) and (d); [Fe2+]0: 1

lone. At initial phosphate concentration from 1.00 to 3.78 mg
/L, the final pH values rose up from 6.91 to 7.00 for Fe2+/H2O2
nd from 6.76 to 6.93 for ferric coagulation alone, respectively,
t iron dosage = 5 mg Fe/L. It was concluded that higher initial
hosphate concentrations will lead to higher final pH values in
ffluents. This suggested that increasing initial phosphate con-
entration resulted in an decrease in Fe(III) hydrolysis due to the
ncreasing complexation-precipitation of phosphate with Fe(III).
s indicated above, complexation of phosphate with Fe(III) was
ccompanied by Fe(III) hydrolysis and the presence of phosphate
nhibited Fe(III) hydrolysis.

It is of particular interest to compare the results when phos-
hate was removed in presence of Fe2+/H2O2 and ferric coagulation
lone. As shown in Fig. 4, all further conditions being the same, the
nly difference is that Fe2+/H2O2 resulted in a better phosphate
emoval during first stage, when compared to ferric coagulation
lone. Simultaneously, the final pH with Fe2+/H2O2 was slightly
igher than those with ferric coagulation alone. The pH values were
aried in a range of 6.4–7.2 during phosphate removal in presence
f both Fe2+/H2O2 and ferric coagulation alone.

3PO4 ↔ H2PO4
− + H+, log Ka,1 = −2.1 (3)

2PO4
− ↔ HPO4

2− + H+, log Ka,2 = −7.2 (4)

PO4
2− ↔ H+ + PO4

3−, log Ka,3 = −12.3 (5)

rom the pH-phosphate distribution (Eqs. (3)–(5), [32]), it can be
ndicated that when 6.4 ≤ pH ≤ 7.2, phosphate primarily existed in
he form of H2PO4

− and HPO4
2− for two systems. In evidence, a

ittle difference in final pH values could not be the main factor
esulting in the difference in phosphate removal of both systems.
oreover, further increasing iron dosage would make both systems

o get the same phosphate removal, although the difference in final
H remained in both systems. Based on discussions above, the bet-
er phosphate removal with Fe2+/H2O2 need to be attributed to in
itu formed Fe(III) having much affinity for ligand phosphate. This
s consistent with the results represented in the literature [11] that
eported that the fresh precipitate exhibited the greater binding
apacity. Leckie and Stumm also reported that homogeneous pre-
ipitation of phosphate by iron(III) formed in situ by oxidation of
ron(II) is more effective than precipitation by added iron(III) salts
18]. The phenomena discussed here are significant in situations

here iron plays a role in phosphate binding in treatment plants or

n the environment.
With adding sufficient iron, difference in the phosphate removal

etween Fe2+/H2O2 and ferric coagulation alone could not be seen.
his was possibly because increasing iron dosage could compen-
ith Fe2+/H2O2. Experimental conditions: [H2O2]0 = 10 mg/L for (a) and (c); 20 mg/L
L, initial pH 7.20 and T = 22 ◦C.

sate for a little weak phosphate removal with ferric coagulation
alone. The detailed mechanism study related to this was not
performed deeply in this paper and will be done in the future
work.

Economic comparison was presented in Table 4. At
[PO4

3−]0 = 3.78 mg P/L, the cost was 0.028 yuan/t for Fe2+/H2O2 to
reach the P removal of 87.1%, it was 0.038 yuan/t for Fe3+ alone to
reach the P removal for 76.5%, at the same iron dosage of 10 mg
Fe/L. Clearly, using Fe2+/H2O2 for phosphate removal in secondary
effluent had another advantage of cost effectiveness. At the same
iron dosage, Fe2+/H2O2 provided higher phosphate removal and
required less cost.

3.4. About EPR test

Changes in EPR spectra versus initial phosphate concentration
and H2O2 dosage were presented in Fig. 5. The signal at low phos-
phate concentration (Fig. 5a and b) was stronger than those at high
phosphate concentration (Fig. 5c and d). Overall, this work indi-
cated that phosphate inhibited free radical formation under near
neutral pH condition. This fact was consistent with other’s study
which reported phosphate suppressed the Fenton system’s ability
to oxidize dichlorvos at pH 3 [33]. They indicated that the main rea-
son for the suppression of phosphate is that phosphate ions would
produce a complex reaction together with ferrous ions and ferric
ions, which lowered its ability to catalyze hydrogen peroxide. Obvi-
ously, our results under near neutral pH values were similar with
those at pH 3. Furthermore, we found that the yield of hydroxyl
radical was increasing with the reaction time in earlier time but
then reducing at low initial phosphate concentration. This may be
due to the formation rate of •OH radical was dependent on the fer-
rous dissolving and oxidation rate. Fe2+ was gradually dissolved and
oxidized. So, •OH radical was formed in the same tendency. How-
ever, at high phosphate concentration, dissolved ferrous ions were
immediately trapped by phosphate ions, resulting in the inhibition
of the formation of hydroxyl radical.

It can be seen that the signal at low H2O2 dosage (Fig. 5a
and c) was stronger than those at high H2O2 dosage (Fig. 5b
and d), at given phosphate concentrations. Obviously, H2O2 of
lightly higher dosage ([H2O2]0/[Fe2+]0 molar ratio = 3.29) could

quench hydroxyl radicals formed in secondary effluents at neu-
tral pH, similar with Fenton reaction at excessive H2O2 and pH
3 (HO• + H2O2 → H2O + HO2

•, k = 3.3 × 107 M−1 s−1 [34]). However,
excessive H2O2 could not change the phosphate removal which was
in accordance with the mechanism illustrated above.
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. Conclusions

Results obtained from this study have provided valuable infor-
ation regarding phosphate removal Fe2+/H2O2 under nature pH

ondition. It could be indicated that dominant mechanism for the
hosphate removal in presence of Fe2+/H2O2 was co-precipitation,
imilar as those in presence of ferric coagulation alone. The bet-
er phosphate removal with Fe2+/H2O2 need to be attributed to in
itu formed Fe(III) having much affinity for ligand phosphate. EPR
pectra tests showed that Fe2+/H2O2 could produce an increasing
ydroxyl radical concentration with a decrease in H2O2 dosage and
hosphate concentration in secondary effluent. Fe2+/H2O2 had the
otential to be utilized for removal of phosphate due to lower cost
nd higher phosphate removal capability.
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