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ABSTRACT

Phosphorus is one of the main causes for eutrophication in waterbodies. The techniques for
phosphorus removal from wastewater and waterbodies have become a hot topic in the
world. In this study, used brick was chosen as an experimental adsorbent for removing
phosphorus from phosphate solution, and the effects of brick dosage, pH, temperature and
vibration time on phosphorus adsorption characteristics were evaluated. Results showed that
phosphorus could be effectively removed using brick powders, and the optimum brick dos-
ages were 4, 9 and 35g/L in the presence of 5, 10 and 50mg/L of phosphorus concentra-
tions, respectively. A significant linear correlation (R*=0.9904) between phosphorus
concentration and optimum brick dosage was observed. The optimum condition was deter-
mined to be: brick dosage 20 g/L, phosphorus concentration 25mg/L, pH 5, temperature 25°

C and vibration time 2 h.
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1. Introduction

Eutrophication has become a global common prob-
lem for many freshwater bodies in the world. One of
the main causes for eutrophication was excessive
phosphorus in the water and sediment [1,2]. In recent
years, in order to control or alleviate eutrophication,
phosphorus in the wastewater must be treated and
reduced to a low level prior to discharging into water-
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bodies. Many treatment methods for phosphorus
removal, including chemical, biological and adsorp-
tion, have been developed [3-5]. Among them, chemi-
cal method is reliable and easily operated, but high
cost and secondary pollution caused by the generation
of large quantities chemical sludge are its main
shortcomings [6]. In contrast, biological treatment is
low-cost and less secondary pollution, but its removal
efficiency is highly inconsistent due to environmental
factors such as temperature, pH, and so on [7,8].
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Adsorption method, which combines the advantages
of the two above-mentioned methods, is probably a
better choice for phosphorus removal.

The key factor for adsorption method is the selec-
tion of suitable adsorbents. Various materials, includ-
ing natural material (such as zeolite, bentonite, laterite
and kaoline), industrial wastes (such as fly ash, blast
furnace slag, and slag), activated aluminum oxide,
porosint, synthetic material, etc., have been used [9-
13]. Meanwhile, some other wastes, such as eggshell
[14], giant reed [15], skin split [16], coir pith [5], sugar-
cane bagasse fibers [17], and pine sawdust [18-20],
have been modified to adsorb phosphorus. In addi-
tion, some new approaches, such as lithium interca-
lated gibbsite [21], magnetic ion-exchange resin [22],
chitosan hydrogel beads after the removal of copper
(II) [23], activated carbon loaded with Fe(IIl) oxide
[24], zirconium(IV)-loaded fibrous [25], have also been
developed to remove phosphorus.

As a result of the rapid development of economy
in China, huge building wastes are being generated.
The disposal of such building wastes has become a
challenging problem. Since building materials, includ-
ing cement and brick, are rich in calcium, aluminum
and iron, they could bind with phosphorus in water.
Thus, if building wastes could be used as an adsor-
bent, a double win of phosphorus removal and waste
recycling could be achieved.

The purposes of this study were to determine the
following: (1) the feasibility of used brick to absorb
phosphorus from phosphate solution; and (2) the opti-
mal conditions of used brick for phosphorus removal.

2. Materials and methods
2.1. Experimental materials

The used bricks used in the experiment were
obtained from a housing project in Wuhan, China.
The bricks were crushed into coarse grain and ground
into fine powder, followed by sieving through 100
mesh prior to air dry. The quantities of Fe,O3;, Al,Os,
CaO, MgO and SO; were determined by titrimetry
with EDTA. SiO, and the loss on ignition was deter-
mined using potassium fluosilicate volumetric and
incandesce method, respectively. The composition of
the material is shown in Table 1.
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2.2. Phosphate solutions

Phosphate solutions with different concentrations
(0, 5, 10, 25, 50mg P/L) were prepared by dissolving
potassium dihydrogen orthophosphate (KH,PO,) in
deionized water.

2.3. Experimental methods

Different dosages of brick powder were placed in
250-mL Erlenmeyer flasks, followed by addition of
different concentrations of 100 mL phosphate solution.
The pH value of the solution was manually adjusted
with diluted HCl or NaOH solutions using a pH
meter (METTLER TOLEDO DELTA 300). The flasks
were then capped and shaken on a thermostatic oscil-
lator (TONE GXZ) at the desired temperature and
constant rate of 150 rpm. The suspension was poured
into 50-mL centrifugal tubes and centrifuged at
4,000 rpm for 5min using an EBA 21 centrifuge. Phos-
phorus concentration in the clear solution was deter-
mined using the ascorbic acid method at 700 nm with
a SHIMADZU UV1800 spectrophotometer [26].

2.4. Statistical analysis

The experiments were conducted in triplicate, and
data were reported as mean values +standard devia-
tion. Statistical analyses were performed using Origin
Pro 8.0 Statistical Software.

3. Results

3.1. Optimum brick dosages under different phosphorus
concentrations

The optimum brick dosages for phosphate solution
containing four phosphorus concentrations (5, 10, 25
and 50mg/L) were evaluated at pH 5, temperature
25°C and vibration time 2 h (Fig. 1).

As seen from Fig. 1, in the presence of 5mg/L of
phosphorus, the phosphorus removal efficiency
increased significantly from 19.52 to 71.67% with the
increase of brick dosages from 1 to 4g/L. However,
since the removal efficiency did not improve much
(only by 5.82%) as dosages increased from 4 to 6g/L,
4g/L was selected as the optimum brick dosage.
Likewise, similar trends for the removal efficiencies

Table 1

Composition of the brick (%)

Components Fe,O5 Al,O3 CaO MgO SO; SiO, Loss on ignition
Content (%) 7.07 16.50 1.28 1.60 0.11 69.71 1.64
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Fig. 1. Removal efficiencies under different phosphorus concentrations.

were observed for other phosphorus concentrations.
The optimum dosages for phosphorus concentrations
of 10, 25, and 50 mg/L were 9, 20, and 35g/L, respec-
tively.

Fig. 2 shows a significant correlation between
phosphorus concentrations and optimum brick dos-
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Fig. 2. Correlations between phosphorus concentrations
and optimum brick dosages.

ages, with an equation of y=0.6776x+1.7551
(R*=0.9904), where x is the phosphorus concentration
and y the optimum brick dosage.

3.2. Effect of brick dosage on phosphorus adsorption

According to the typical phosphorus concentra-
tions in the phosphate solution, 25mg/L was chosen
to study the effect of brick dosage, pH, temperature
and vibration time on phosphorus adsorption charac-
teristics.

The effect of brick dosages (0, 5, 10, 15, 20, 25, and
30g/L) on phosphorus adsorption at phosphorus con-
centration 25mg/L, pH 7, temperature 25°C, and
vibration time 24h was studied, and the results are
shown in Fig. 3.

As shown in Fig. 3, the removal efficiency for
phosphorus increased significantly from 14.70 to
87.29% as brick dosages increased from 5 to 20g/L.
However, only a small increase (9.76%) was achieved
when dosages increased from 20 to 30g/L. After thor-
ough evaluation of removal efficiencies and treatment
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Fig. 3. Effects of brick dosages on phosphorus adsorption.

costs, 20g/L was selected as the optimum dosage for
brick powder.

3.3. Effect of pH value on phosphorus adsorption

The effect of pH (2, 5, 7, 9, and 12) on phosphorus
adsorption at phosphorus concentration 25mg/L,
brick dosage 20g/L, temperature 25°C, and vibration—
time 24 h was plotted in Fig. 4.

As seen from Fig. 4, pH had a great influence on
the phosphorus adsorption. The phosphorus removal
efficiencies increased from 8.05 to 96.65% as pH
increased from 2 to 5 and then decreased sharply with
increasing pH. Therefore, for optimum performance
the pH of phosphate solution should be maintained
between 5 and 7.

3.4. Effect of temperature on phosphorus adsorption

The effect of temperatures (15, 20, 25, 30, and 35°
C) on phosphorus adsorption at phosphorus concen-
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Fig. 4. Effect of pH on phosphorus adsorption.
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Fig. 5. Effect of temperatures on phosphorus adsorption.

tration 25mg/L, brick dosage 20g/L, pH 7 and vibra-
tion time 24 h is shown in Fig. 5.

As shown in Fig. 5, the effect of temperatures on
the phosphorus removal by brick was not significant.
The removal efficiencies increased from 78.92 to
85.33% as temperatures increased from 15 to 25°C,
and then leveled off at higher temperatures. The opti-
mum temperature was determined to be 25°C.

3.5. Effect of vibration time on phosphorus adsorption

The effect of vibration times (2, 4, 8, 12, 18, 24, 36
and 48h) on phosphorus adsorption at phosphorus
concentration 25mg/L, brick dosage 20g/L, pH 7 and
temperature 25°C is shown in Fig. 6.

As seen from Fig. 6, the influence of vibration time
on phosphorus adsorption was apparent. The phos-
phorus removal efficiencies were 87.82% (2h), 80.61%
(8h), and 90.98% (18h). The optimum vibration time
of 2h was selected.

28 100

g

o 26 4

£ 90 ;\;

s =

2 ©

=24 2

e 180 3

c —m— concentration aE>

3 = —— removal efficiency = =

< %)

8 2

P 6 < 20 g

2 S
[}

2 4l 8

[}

2] 410 Q

2

S 2

0 Il Il Il Il Il Il Il Il Il 0

0 5 10 15 20 25 30 35 40 45 50
vibration time (h)

Fig. 6. Effect of vibration time on phosphorus adsorption.
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4. Discussion

In selecting an appropriate adsorbent, it is neces-
sary to evaluate the characteristics of adsorbing mate-
rial. Wang et al. [27] reported that the simulated
adsorption capacity of red clay varied in the range of
0.52-0.86 and 0.52-1.18 mg P/g at solution concentra-
tions of 35 and 50 mg/L, respectively, and phosphate
removal was attributed to Al,O; and Fe,O; in the
clay. A novel cellulose-based adsorbent, [Fe(Ill)-AM-
PGMACell], was used to remove phosphate from
waterbodies and wastewater, and a maximum
removal efficiency of 99.1% was observed for phos-
phorus concentration of 25mg/L at pH 6 with an
adsorbent dosage of 2.0g/L [28]. Kuzawa et al. [29]
reported a maximum adsorption of 47.3mg P/g for a
synthetic hydrotalcite. Li et al. [30] found that the raw
red mud (RW) could remove 99% of phosphate from
solution containing 155mg/L phosphate at optimum
pH 7 and 25°C.

In this experiment, the adsorption capacities of
used brick under phosphorus concentrations of 5, 10,
25 and 50mg/L were 0.90, 0.97, 1.09 and 1.29mg P/g,
respectively. The result is similar to natural zeolite,
which has similar components with brick and the
capacities were 0.05, 0.10, 0.08 and 0.50mg P/g with
the same phosphorus concentrations, respectively [31].
The high phosphorus removal efficiency could be
attributed to the high concentrations of Al’*, Fe>* and
Ca”" in the used brick, and their hydroxide or oxide
groups could precipitate and ion exchange with phos-
phorus ions [32-35]. In addition, brick powders had
large surface areas, which was beneficial to enhance
phosphorus adsorption capacity [35].

It was generally regarded that pH value was one
of the main influencing factors for phosphorus
adsorption. The variability of phosphorus adsorption
with pH values could be attributed to the impact of
H" or OH". In strong acid solution, the protonation
effect on the surface of AI>* ions and Fe’* ions could
be increased due to the presence of abundant H" ions,
thus reduce their bonding abilities to phosphate [36].
As for the strong alkali solutions, the large amount of
OH™ ions could compete with phosphate ions for the
adsorption sites, and the competition would result in
the reduction of phosphorus adsorption capacity [37].
Zeng et al. [38] reported that the removal capacity of
iron oxide tailings reduced as pH increased. Onyango
et al. [39] also found that the phosphate removal effi-
ciencies increased with increasing adsorbent dosages,
but a decrease for phosphate removal efficiencies was
achieved as pH decreased.

In our experiment, it was found that the phospho-
rus removal efficiency of brick powder reached the
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maximum at pH 5 and decreased slightly when pH
was 7. In addition to remove phosphorus from phos-
phate solution, brick powder could also be used effec-
tively to remove phosphorus from waterbodies with
neutral pH.

5. Conclusions

Used brick powder has the potential to remove
phosphorus effectively from phosphate solutions. The
main factors such as dosage, pH, temperature and
vibration time could affect phosphorus adsorption.
The optimum brick dosages were 4, 9 and 35g/L in
the presence of 5, 10 and 50 mg/L of phosphorus con-
centrations, respectively. A significant linear correla-
tion (R*=0.9904) between phosphorus concentration
and optimum brick dosage was observed. The opti-
mum condition was determined to be: brick dosage
20g/L, pH 5, temperature 25°C and vibration time 2h
at phosphorus concentration of 25mg/L. Its applica-
tion is a double-win for both phosphorus removal and
reuse of building wastes.

Acknowledgment

This study was supported by grants from Key Pro-
ject of the National Twelfth-Five Year Research Pro-
gram of China (2012BAD25B05-02), National Natural
Science Foundation of China (51179184, 41272272),
Major Science and Technology Program for Water Pol-
lution Control and Treatment (2011Z2X07303-001-04).

Reference

[1] X.C. Jin, QJ. Xu, C.Z. Huang, Current status and future ten-
dency of lake eutrophication in China, Sci. China Ser. C 48
(2005) 948-954.

[2] P.S. Lau, N.EYY. Tam, Y.S. Wong, Wastewater nutrients (N
and P) removal by carrageenan and alginate immobilized
chlorella vulgaris, Environ. Technol. 18 (1997) 945-951.

[3] W.M. Xie, Technology of phosphorus removal from wastewa-
ter, Environ. Sci. 10(5) (1989) 63-68 (in Chinese).

[4] GK. Morse, S.W. Brett, J.A. Guy, J.N. Lester, Review: Phos-
phorus removal and recovery technologies, Sci. Total. Envi-
ron. 212(1) (1998) 69-81.

[5] K.A. Krishnan, A. Haridas, Removal of phosphate from aque-
ous solutions and sewage using natural and surface modified
coir pith, J. Hazard. Mater. 152 (2008) 527-535.

[6] M.I. Aguilar, ]. Sdez, M. Lloréns, A. Soler, J.F. Ortufo, Nutri-
ent removal and sludge production in the coagulation—floccu-
lation process, Water Res. 36 (2002) 2910-2919.

[7] T. Mino, M.C.M. Van Loosdrecht, ].J. Heijnen, Microbiology
and biochemistry of the enhanced biological phosphate
removal process, Water Res. 32(11) (1998) 3193-3207.

[8] D. Brdjanovic, A. Slamet, M.C.M. Van Loosdrecht, C.M. Hoo-
ijmans, G.J. Alaerts, ].J. Heijnen, Impact of excessive aeration
on biological phosphorus removal from wastewater, Water
Res. 32(1) (1998) 200-208.

[91 A. Ugurlu, B. Salman, Phosphorus removal by fly ash, Envi-
ron. Int. 24(8) (1998) 911-918.



C.R. Jia et al. | Desalination and Water Treatment 51 (2013) 5886-5891

[10] S.E. Bailey, T.J. Olin, RM. Bricka, D.D. Adrian, A review of
potentially low-cost sorbents for heavy metals, Water Res. 33
(11) (1999) 2469-2479.

[11] T. Hano, H. Takanashi, M. Hirata, K. Urano, S. Eto, Removal
of phosphorus from wastewater by activated alumina adsor-
bent, Water Sci. Technol. 35(7) (1997) 39-46.

[12] L. Zhang, S. Hong, J. He, F.X. Gan, Y.S. Ho, Adsorption char-
acteristic studies of phosphorus onto laterite, Desalin. Water
Treat. 25 (2011) 98-105.

[13] C.G. Lee, J.A. Park, S.B. Kim, Phosphate removal from aque-
ous solutions using slag microspheres, Desalin. Water Treat.
44 (2012) 229-236.

[14] T.E. Kose, B. Kivang, Adsorption of phosphate from aqueous
solutions using calcined waste eggshell, Chem. Eng. ]. 178
(2011) 34-39.

[15] Q.Y. Yue, W.Y. Wang, B.Y. Gao, Phosphate removal from
aqueous solution by adsorption on modified giant reed,
Water Environ. Res. 82(4) (2010) 374-381.

[16] X. Huang, X.P. Liao, B. Shi, Adsorption removal of phosphate
in industrial wastewater by using metal-loaded skin split
waste, J. Hazard. Mater. 166 (2009) 1261-1265.

[17] W.S. Carvalho, D.F. Martins, F.R. Gomes, L.R. Leite, L.G. da
Silva, R. Ruggiero, E.M. Richter, Phosphate adsorption on
chemically modified sugarcane bagasse fibres, Biomass Bioen-
ergy 35 (2011) 3913-3919.

[18] S. Benyoucef, M. Amrani, Adsorption of phosphate ions onto
low cost Aleppo pine adsorbent, Desalination 275 (2011)
231-236.

[19] S. Benyoucef, M. Amrani, Removal of phosphate from aque-
ous solution with modified sawdust, Procedia Eng. 33 (2012)
58-69.

[20] S. Benyoucef, M. Amrani, Adsorptive removal of phosphate
from aqueous solution by chemically modified biosorbent,
Desalin. Water Treat. 44 (2012) 306-313.

[21] SL. Wang, CY. Cheng, Y.M. Tzou, R.B. Liaw, T.W.
Chang, J.H. Chen, Phosphate removal from water using
lithium intercalated gibbsite, J. Hazard. Mater. 147 (2007)
205-212.

[22] L. Ding, C. Wu, H.P. Deng, X.X. Zhang, Adsorptive character-
istics of phosphate from aqueous solutions by MIEX resin, J.
Colloid Interf. Sci. 376 (2012) 224-232.

[23] J. Dai, H. Yang, H. Yan, Y.G. Shangguan, Q. Zheng, R.S.
Cheng, Phosphate adsorption from aqueous solutions by dis-
used adsorbents: Chitosan hydrogel beads after the removal
of copper (II) , Chem. Eng. J. 166 (2011) 970-977.

[24] ZL. Shi, FM. Liu, SH. Yao, Adsorptive removal of
phosphate from aqueous solutions using activated carbon
loaded with Fe(Ill) oxide, New Carbon Mater. 26(4) (2011)
299-306.

5891

[25] M.R. Awual, A. Jyo, T. Thara, N. Seko, M. Tamada, K.T. Lim,
Enhanced trace phosphate removal from water by zirconium
(IV) loaded fibrous adsorbent, Water Res. 45 (2011)
4592-4600.

[26] E. Arnold, Standard Methods for the Examination of Water
and Wastewater, 16th ed., American Public Health Associa-
tion, Washington, DC, (1985) pp. 445-446.

[27] W. Wang, X.S. Huang, Y.M. Zhang, Y.L. Yi, Phosphorus
adsorption of red clay and its mechanism, J. Ecol. Rural.
Environ. 27(2) (2011) 109-112.

[28] T.S. Anirudhan, P. Senan, Adsorption of phosphate ions from
water using a novel cellulose-based adsorbent, Chem. Ecol.
27(2) (2011) 147-164.

[29] K. Kuzawa, Y.J. Jung, Y. Kiso, T. Yamada, M. Nagai, T.G.
Lee, Phosphate removal and recovery with a synthetic hydro-
talcite as an adsorbent, Chemosphere 62(1) (2006) 45-52.

[30] Y.Z. Li, CJ. Liu, ZK. Luan, XJ. Peng, C.L. Zhu, Z.Y. Chen, Z.
G. Zhang, ].H. Fan, Z.P. Jia, Phosphate removal from aqueous
solutions using raw and activated red mud and fly ash, J.
Hazard. Mater. 137 (2006) 374-383.

[31] W.T. Zhu, X.F. Sima, T. Fang, The character of phosphorus
adsorption in water on different substrates, China Environ.
Sci. 31(7) (2011) 1186-1191 (in Chinese).

[32] A. Drizo, C.A. Frost, J. Grace, K.A. Smith, Physico-chemical
screening of phosphate removing substrates for use in con-
structed wetland systems, Water Res. 33(17) (1999) 3595-3602.

[33] A. Drizo, C.A. Frost, K.A. Smith, J. Grace, Phosphate and
ammonium removal by constructed wetlands with horizontal
subsurface flow, using shale as a substrate, Water Sci. Tech-
nol. 35(5) (1997) 95-102.

[34] L. Johansson, the use of leca (light expanded clay aggregates)
for the removal of phosphorus from wastewater, Water Sci.
Technol. 35(5) (1997) 87-93.

[35] T. Zhu, P.D. Jenssen, T. Maehlum, Phosphorus sorption and
chemical characteristics of lightweight aggregates (LWA) —
potential filter media in treatment wetlands, Water Sci. Tech-
nol. 35(5) (1997) 103-108.

[36] N.M. Wang, W.J. Mitsch, A detailed ecosystem model of
phosphorus dynamics in created riparian wetlands, Ecol.
Model. 126(2-3) (2000) 101-130.

[37]1 H.P. Ye, F.Z. Chen, Y.Q. Sheng, G.Y. Sheng, Adsorption of
phosphate from aqueous solution onto modified palygorsk-
ites, Sep. Purif. Technol. 50(3) (2005) 283-290.

[38] L. Zeng, X.M. Li, ].D. Liu, Adsorptive removal of phosphate
from aqueous solutions using iron oxide tailings, Water Res.
38 (2004) 1318-1326.

[39] M.S. Onyango, D. Kuchar, M. Kubota, H. Matsuda, Adsorp-
tive removal of phosphate ions from aqueous solution using
synthetic zeolite, Ind. Eng. Chem. Res. 46 (2007) 894-900.





