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Removal of phosphate from aqueous solution with blast furnace slag
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Abstract

Blast furnace slag was used to remove phosphate from aqueous solutions. The influence of pH, temperature, agitation rate, and blast
furnace slag dosage on phosphate removal was investigated by conducting a series of batch adsorption experiments. In addition, the yield
and mechanisms of phosphate removal were explained on the basis of the results of X-ray spectroscopy, measurements of zeta potential of
particles, specific surface area, and images of scanning electron microscopy (SEM) of the particles before and after adsorption. The specific
surface area of the blast furnace slag was &.gt The removal of phosphate predominantly has taken place by a precipitation mechanism
and weak physical interactions between the surface of adsorbent and the metallic salts of phosphate. In this study, phosphate removal in exces:
of 99% was obtained, and it was concluded that blast furnace slag is an efficient adsorbent for the removal of phosphate from solution.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction A reduced oxygen level can have harmful effects on fish
and other aquatic life, causing reductions in biodiversity. Eu-
Phosphate is an essential macronutrient that spurs thetrophication can also affect the recreational value of natural
growth of photosynthetic algae and cyanobacteria. Wastewa-resources. Generally, total phosphorus concentrations in ex-
ter discharges that reach lakes sensitive to eutrophication of-cess of 100 mg P/L provide sufficient nutrient enrichment for
ten require phosphate removal over and above that normallyeutrophication in the lakg$].
taking place in primary and secondary treatméiht Phos- In wastewater treatment technology, various technigues
phorus (P) is often present in low concentrations in wastew- have been used for phosphate removal. Phosphorus removal
ater as phosphates, including organic phosphate, inorganidechniques fall into three main categories: physical, chemi-
phosphate (orthophosphate) and polyphosphate (particulatecal and biological. Physical methods have proved to be either
P). Its release to surface water is of environmental concern,too expensive, as in the case of electrodialysis and reverse
because it is an essential, often limiting, nutrient for growth osmosig7], or inefficient, removing only 10% of the total
of organisms in most ecosystems, and is therefore a majorphosphorug8]. Enhanced biological treatment can remove
cause of eutrophication. Phosphorus removal from wastewa-up to 97% of the total phosphorus, but this process can be
ter has been widely investigatg?]. The utilization of indus- highly variable due to operational difficultig8]. Chemi-
trial wastes or by-products for phosphorus removal has beencal treatment is widely used for the removal of phosphate.
given great attentiof8-5]. Lime, aluminum sulfate (alum), and ferric chloride are the
Eutrophication can in turn disturb the balance of organ- common precipitants used for phosphate removal; however,
isms present in the water and affect water quality, mainly successful results have been obtained using powdered alu-
through the depletion of oxygen level as the algae decay. minum oxide[9-11], slag[12], fly ash[13,14] half-burnt
dolomite[15], tamarind nut shell activated carb{i6,17],
* Tel.: +90 442 231 4601. activated red mufil8,19], aluminum[20], and gas concrete
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Adsorption is one of the techniques which would be com- Table 1 _
paratively more useful and economical for this aim. The ap- Typical analysis of blast furnace slag

plication of low-cost and easily available materials in wastew- Parameter Component (%)
ater treatment has been widely investigated during recentsio, 3956
years[22]. Fe03 033

Blast furnace slag is a residue from steel-iron making pro- A120s 1082
cesses. The use of blast furnace slag in wastewater treatme g 36732
has been studied extensively in recent years and the resultgo, 033

of laboratory investigations showed that blast furnace slag isk,0 -
a good adsorbent for removal of heavy metals from wastew- TiO -
aters[23,24] Due to the high percentages of alumina and Sulphide (3) -
silica, blast furnace slag is a good candidate for use as anchioride (C) 0.125
economic adsorbent for large-scale use. In this study, phos
phate was removed usitgkenderun blast furnace slag (blast
furnace slag used in this study was supplied from a steel-iron of the blast furnace slag used was between 0.03 and 0.02 mm.
factory in the Hatayiskenderun province of Turkey). One Blast furnace slag samples were washed with distilled wa-
of the main advantages of phosphate removal by using blastter and then dried at 2%. The chemical composition of
furnace slag over the other chemical treatment methods islskenderun blast furnace slag in Hatiskenderun of Turkey
the abundance of blast furnace slag and its easy availabil-was defined using X-ray diffraction spectroscopy and given
ity, which makes it a strong candidate to remove phosphatein Table 1
economically. The standard phosphate solutions used in the experiments
The aim of the present work was to study the removal of were prepared from anhydrous KPIOs. The adsorption
PQ43 in aqueous solution by blast furnace slag. In this study, studies have been carried out at phosphate concentrations
the adsorption characteristics of phosphate onto blast furnaceof 180 ppm PQ@%". A given amount of blast furnace slag was
slag were investigated, including the effect of temperature placed in 250-ml volumetric flasks and mixed with 50 ml| of
ranges, agitation rates, adsorbent dose and pHs to removstock solution. The experiments were carried out at differ-
phosphate. ent temperatures (25, 45 and 65) and pH values. pH ad-
justments have been done by using solutions of concentrated
HCl and NaOH. The mixtures have been filtered using What-
2. Materials and methods man GF/A filter prior to each measurement. Jar tests were
used to define the minimum equilibrium time of removal
Phosphate was removed from a synthetic wastewater usingdf phosphate which was defined as 20 min. Phosphate has
Iskenderun blast furnace slagin a batch reactor. The grain sizédeen measured according to the Vanadomolybdophosphoric

Undetermined 29

180

Coo
160 | £
o)

140 | ]
E 120} o
£
(]
& 100}
=
[=%
8
S 8o}
o
o o]
@ 60}
O

40 f 6

O
20 | 5
o o]
o i
0 10 20 30 40 50 60 70

Blast furnace slag concentration (g.L'1)

Fig. 1. The effect of blast furnace slag on phosphate concentration in the equilibrium.
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Fig. 2. The Relation between phosphate concentration in the equilibrium and phosphate dose adsorbed per kg blast furnace slag.

Acid Colorimetric Method25]. The specific surface area of doses for a given initial phosphate concentration. This result

Hatay4iskenderun blast furnace slag particles was measuredwas anticipated because increasing adsorbent doses provides

by using the BET-N2 method. greater surface area. FroRig. 1, it is evident that for the
removal of 180 ppm phosphate in 50 ml, a minimum blast
furnace slag dosage of 607§ vas required.

3. Results and discussion The variation of removal of phosphate per kg blast fur-
nace slag is shown iRig. 2 Phosphate concentration was

The effect of variation of the blast furnace slag dosage on varied from 150 to 500 ppm and the initial blast furnace slag

the removal of phosphate from aqueous solutions was shownconcentration was 60 ¢l It is apparent that the equilibrium

in Fig. 1 The Blast furnace slag dosage was varied from concentration of phosphate increased with increasing phos-

1.4 to 70 (g1%) and the initial phosphate concentration was phate concentration for a given constant blast furnace slag

180 ppm. It was apparent that the equilibrium concentration concentration. This result was anticipated because the surface

of phosphate decreased with increasing blast furnace slagarea of adsorbentis not enough to remove the total phosphate
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Fig. 3. Effect of agitation rate on adsorptioBy{ 180 ppm, adsorbent concentration: 6G-gpH: 8.5, T: 25°C).
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Fig. 4. Effect of temperature on adsorptid@,( 180 ppm, adsorbent concentration: 6dtgpH: 8.5, A. rate: 160 rpm).

particles from the solution at concentrations above 180 ppm. furnace slag capacity to remove 500 ppm phosphate was de-
From Fig. 2, it is evident that for the removal of 180ppm fined as 6.37 mgd.
phosphate in 50 ml, the ratio &fand phosphate concentra- The effect of agitation rate on the removal of phosphate
tion respectively were 2.81 and 180 ppm respectively. was studied for various contact times. The results are given in
The Langmuir, Freundlich, isotherms models were exam- Fig. 3. This figure shows that the yield increases slightly with
ined in this study to describe the adsorption equilibrium. increasing time, and the rate of agitation has affected the ad-
Isotherm studies were conducted at an equilibrium time of sorbed quantity. This suggests that the diffusion of phosphate
60 min and pH of 8.5. The equilibrium data of adsorption ions from the solution to the surface of adsorbent and into the
of phosphate onto the blast furnace slag fit the Freundlich pores has increased with the increase of agitation rate. Attime
isotherm according to the correlation coefficient. The Lang- of 60 min, the efficiency of phosphate removal at 235 rpm was
muir and Freundlich isotherms models correlation coeffi- approximately 99%. The effect of agitation rate on phosphate
cients R2) were obtained as 0.97 and 0.96 respectively. Ac- quantity adsorbed per kg adsorbent is also showfign 3.
cording to Freundlich isotherms model, the maximum blast The increase of agitation rate positively affected the attrac-
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Fig. 5. pC—pH diagram for a 3.22 103 M Na;HPOy.
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Fig. 6. Effect of pH on adsorptiorC,: 180 ppm, adsorbent concentration: 6GtgT: 25°C, A. rate: 160 rpm).

tion between adsorbate and adsorbent, therefore, the phosphysical interactions and hardly the precipitation of metallic

phate quantity adsorbed per kg adsorbent increased with arsalts such as Af, Fe** and C&* on the blast furnace slag.

increase in the agitation rate. The increase of temperature positively affects the removal of
The effect of temperature on the removal of phosphate phosphate, and the phosphate quantity adsorbed per kg ad-

was investigated as a function of contact time. The results sorbent increased with increase the temperature as seen in

were then plotted ifrig. 4 From this figure, it has been de- Fig. 4.

termined that 20 min of contact time is enough to remove a  In wastewater applications, the most common and suc-

considerable amount of phosphate present in aqueous solueessful method to precipitate phosphate involve the dissolved

tion at 25 and 45C. The solution values of FeROAIPO, cations such as Af, C&*, Fe'3 and Fé* [26]. Solubil-

and Ca(PQy)» in the distilled water at 25C are 167%, 7.94x ity diagrams for metal phosphates in pure water show that

1010 and 7.14x 107 respectively. Because of the fact that when iron and aluminum are present, strengite (RR®d

an increase in the solution temperature increased the soluvariscite (AIPQ) are the stable solid phases in the low pH

tion values of FeP@Q AIPO, and Ca(P(y),, it was thought range (<6.5). The iron and aluminum chemistry becomes in-

that the precipitation of metallic salts such as*AlFe3* creasingly governed by the formation of oxides and hydrox-

and C&" was less effective as a result of the electrostatic ides[26].

attraction between adsorbate and adsorbent which affected The [-pC]-[-pH] diagram for a 3.2% 10°M NayHPOy

the removal of phosphate from aqueous solution. This result solution shown irFig. 5, indicates that the acidic phosphates

indicates that the removal of phosphate is mainly based on(H2POs", HPQ;2) are the predominant aqueous species for
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Fig. 7. Relation between zeta potentials and values of pH.
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Fig. 8. X-ray diffraction diagram of the blast furnace slag befdednd after adsorptioril{) (C,: 180 ppm, pH: 8.5T: 25°C, A. rate: 160 rpm).

the pH range of 3-§27], and polyphosphates $R301¢7, hydroxide ions on adsorbent surface. Removal of phosphate
HP;010%, HP,O73) may also be present in the same pH by blast furnace slag increased at pH 4.5, but decreased at
rangd26]. As seenirFig. 5, at high levels of pH (9-13), basic ~ values of pH 3 and 8.5. The effect of pH on the adsorption of
solution, the precipitation of AIP§) FePQ and Ca(PQs)» phosphate on the blast furnace slag was presenteiré.
occur on the surface of the blast furnace slag. At the result of these study, it was thought that the pH of the
At the pH range of 3-8.5, phosphate removal probably adqueous solution is an important controlling parameter in the
occurs with ion exchange mechanisms of phosphate hydrol-adsorption process as seerfig. 6.
ysis products (HPQOs", HPQy2") and the precipitation of the The values of zeta potential of the particles were measured
metallic salts of phosphate (&I, C&*, Fe'3). At higher val- by using a microelectrophoresis cell (zeta meter 3.0+). From
ues than pH< 8.5, it was thought that phosphate removal take Fig. 7, zeta potential values of the slag particles at pH (3-10)
place by precipitation mechanism and the weak physical in- in the distilled water were lower than in the POsolution.
teractions between the surface of adsorbent and the metallicThe dominant species in the B0 solution were electro-
salts of phosphate. It was thought that phosphate removalstatically attracted by adsorbent particles and then adsorbed
decreased at pH 8.5 because of stronger competition withon the surface of blast furnace slag particles. Adsorption of

Fig. 9. SEM micrograph of the particles of blast furnace slag before adsor@o0 ppm, pH: 8.5T: 25°C, A. rate: 160 rpm).
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Fig. 10. SEM micrograph of the particles of blast furnace slag after adsorp-
tion (Co: 180 ppm, pH: 8.5T: 25°C, A. rate: 160 rpm).

PO,% salts on the blast furnace slag particles ariddths in
the solution caused a positively increase of zeta potential val-

137

In this experiment, almost 99% of the phosphate in the
aqueous solution has been removed. The micrograph ob-
tained after adsorption indicates that the pores of the particles
of the adsorbent have been covered with adsorbate.

4. Conclusion

The results of this study indicate that blast furnace slag is
an effective adsorbent for the removal of phosphate in aque-
ous solutions. Phosphate removal ratios of 99% were ob-
tained. It was found that the amount of phosphate adsorbed
on blast furnace slag depends on pH, temperature and agita-
tion rate of the solution.
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