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Abstract

The purpose of this paper is to explore the use of solvent extraction for the removal and recovering phos-
phate from wastewater and water sources. The results revealed that to achieve the maximum phosphate re-
moval, the best extractant was a mixture of kerosene and benzyldimethylamine at a volume ratio of 2:1. A
phosphate extraction efficiency of greater than 80% was achieved on the wastewater samples tested; a model
solution and real sewage. A high stripping efficiency of greater than 90% was achieved from stripping, using
6M sulphuric acid. By mixing the recycled to fresh extractants at volume ratios of 2:1, it was possible to
re-use the resulting extractant from the stripping process nine times, while maintaining the overall phosphate
recovery efficiency. This research revealed that solvent extraction is feasible in the respect of phosphate re-

moval and recovery and has potential for use as an alternative method for industrial applications.
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1. Introduction

Eutrophication is accelerated due to the increase in the
phosphorus and nitrogen loading in water and the in-
creased growth of undesirable algae and aquatic weeds
as a result of the over loading of phosphorus [1]. Due to
this, water utility for fisheries, recreation, industry and
drinking gets restricted [2]. A periodic surface bloom of
cyanobacteria (blue-green algae) may appear in drinking
water supplies and could be hazardous to both animals
and human beings. An increased awareness on eutrophi-
cation and the need for solutions has been attributed to
neurological damage in people due to exposure to highly
toxic and volatile chemicals produced by the algae [3].

A greater interest in solvent extraction (SE) for
large-scale industrial application was initiated by the
production of uranium and the reprocessing of irradiated
nuclear materials in the U.S. Manhattan project [4]. This
aroused greater interest in the use of SE in other indus-
tries for the separation and purification of their products.
Examples of this approach are recovering metals from
water treatment sludge and effluents [5,6]. SE has also
been utilised in the remediation of contaminated soils.
The pollutants are transferred to and carried off by the
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liquid phase. The soil and the extracting agent are sepa-
rated once the pollutants are transferred to the fluid phase.
Where feasible and economical, the fluid phase is treated
and then recycled. The selection of an extracting agent
has to take into account safety both to humans and the
environment [7].

In solvent extraction, a small quantity of an organic
soluble chemical called the extractant is dissolved in a
second organic liquid called the diluent. The mixture is
often referred to as the solvent or the organic phase. The
diluent may be a material such as kerosene or similar
hydrocarbon. During the extraction process, the extrac-
tant reacts chemically with the phosphates in the aqueous
phase forming a phosphate-extractant complex that is
soluble in the kerosene [8]. Generally, SE takes place at
ambient pressures and the liquid range extends from
about freezing up to about boiling temperature [9]. In
this study, benzyldimethylamine a cationic surfactant has
been employed as an extractant. These types of surfac-
tants are those which the ionic group on the hydrophobic
have a positive charge. Most of the available cationic
surfactants are based on a nitrogen atom carrying a posi-
tive charge while in others the positive charge is carried
by phosphorus or a sulphur atom [10].
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On the other hand, in view of the limited resources of
phosphorus and the increasing concern of sustainability,
the recovery of phosphorus from wastewater is a prom-
ising and laudable approach [11,12]. The aim of this
study was to remove and recover phosphates in water
and wastewater using the LLE approach. This was to be
achieved by selecting optimum diluents and extractants
and there mixing ratios (between wastewater diluent and
extractants). Similarly, the strength and length of mixing
and phase separation were to be investigated.

2. Materials and Methodology
2.1. Phosphorus Analysis Method

The ascorbic acid method [13] was used for phosphorus
analysis. In principal, ammonium molybdate and potas-
sium antimonyl tartrate react in acid medium with or-
thophosphate to form a heteropoly acid (phosphomolyb-
dic acid) that is reduced to intensely coloured molybde-
num blue by ascorbic acid. The minimum detection limit
for this method is 10 g P/L.

2.2. Laboratory Set-Up

A batch process was used for both extraction and strip-
ping experiments. The extractant and the samples were
mixed together in duran bottles and the contents thor-
oughly shaken using a shaker. The mixture was then
transferred to separate in separating funnels.

2.3. Surfactant and Diluents Selection

Seven different cationic surfactants were selected and
subjected to solubility tests on both water and diluents
(kerosene, acetone and ethanol). The cationic surfactants
that were selected and investigated upon are namely
Benzalkonium chloride, Benzyldimethylamine, Diben-
zylamine, 2 ethyl-4-methylimidazole, Hexadecyltrimethyl-
ammoniumbromide, Dodecyltrimethylammonium bromide
and Tritylamine.

2.4. Model Water Preparation

The model water was prepared using a commercial
phosphate standard solution 1000 mg/L [14]. The con-
centration was made in the range of 1 and 30 mg/L by
taking different volumes from the stock solution and
filling to the mark in 250 ml volumetric flasks with dis-
tilled water.

2.5. Wastewater Sampling

The wastewater sample used in this study was obtained
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from Southern Water in Brighton UK. The sample was
taken after the pre-sedimentation stage and its character-
istics determined in the lab. The results are as shown on
the Table 1 below.

2.6. Model and Wastewater Extraction Study

Solubility tests: 10 mL of an extractant was placed into a
graduated conical flask. A similar volume of water was
then added and the flask covered with a stopper. The
mixture was then shaken thoroughly using a shaker
(KS125, Merck Ltd, England) at a speed of 250 rpm for
10 minutes. As soon as the agitation time had elapsed,
the conical flasks were left to stand for 30 minutes in a
fume cupboard. Observations were then recorded on the
miscibility of the extractant to water. The same proce-
dure was then followed in selecting a suitable diluent this
time substituting water in the mixture for a diluent.
Kinetics of extraction (mixing and separation time): In
order to determine the best mixing time, a volume (mL)
of the extractant (benzyldimethylamine + kerosene) and
model water containing known phosphate concentration,
at a phase ratio of 1:1 was placed in duran bottles (500
mL). The concentration levels of the model water varied
from 1 to 30 mg/L. The mixtures were then shaken in a
shaker (KS125, Merck Ltd, England) at a speed of 250
rpm at a time interval ranging from 1 to 24 hours. The
contents were then transferred into separating funnels
(500 mL) and aqueous phase tested for the remaining
phosphate concentration. The same procedure was used
to determine the best separation time by varying the
amount of time by which the phases separated in the
separating funnels between 2 and 24 hours.
Extractant/diluent phase ratio: The best extrac-
tant/diluent phase ratio was determined using the phase
variation method. The mixture of the surfactant and
kerosene at different ratios formed the organic phase
used in the extraction process. This was varied in order
to optimise the operating conditions. The organic phase
(Kerosene and Benzyldimethylamine) was prepared us-
ing the ratios 1:1, 1:2, 2:1, 1:4, 4:1, 6:1, 9:1, 15:1 and
20:1. The organic phase was then placed in duran bottles
(500 mL) and model water added at a volume ratio of 1:1.
The mixtures were thoroughly shaken using a shaker
(KS125, Merck Ltd, England) for 6 hours at a speed of

Table 1. Wastewater quality parameters.

Quality Parameters Values

pH 7.36

Suspended Solids (mg/L) 36

Total P (mg/L) 22.86

Soluble P (mg/L) 21.27

Turbidity (NTU) 52.2
JWARP
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250 rpm. The phases were then allowed to separate in
separating funnels (250 mL) for 2 hours. The organic
phase of the varied phase ratios was used to extract
phosphates from model water of a wider range of P con-
centration (1 to 30 mg/L).

2.7. Model and Wastewater Stripping Study

Separation time: In order to determine the separation
time, the organic phase obtained from the extraction
process was mixed with a stripping agent at a volume
ratio of 1:1. This comprised of 125 mL of organic phase
mixed with a similar amount of the stripping agent. The
organic phases used were those that came from the ex-
traction involving model water samples with starting
phosphorus concentration of 3, 6 and 10 mg/L respec-
tively. The mixture was then placed in duran bottles (500
mL) and shaken in a shaker at a speed of 250 rpm for 4
hours. The mixture was then transferred into separating
funnels and allowed to separate for time intervals vary-
ing between 1 to 24 hours.

Organic-P/acid phase ratio: The stripping agents cho-
sen for the study were sulphuric and hydrochloric acid.
The organic phase from the extraction step was mixed
with the acid at 1:1, 1:2, 2:1, 1:4, and 4:1 ratio so as to
determine the best phase ratio. The two solutions were
placed in duran bottles (500 mL) and the mixture thor-
oughly shaken using a shaker (KS125, Merck Ltd, Eng-
land) for 4 hours at a speed of 250 rpm. In this particular
experiment, the organic phases used were those taken
from the extraction of aqueous solutions with starting
phosphorus concentration of 3, 6 and 10 mg/L respec-
tively. The phases were then allowed to separate in sepa-
rating funnels (250 ml). Different quantities of phosphates
were to have been transferred from the organic phase to
the sulphuric acid phase. The phosphate recovered was
determined by examining its concentration in the acid
phase using the ascorbic acid method.

2.8. Extractant Recycling Study

The organic phase obtained after the stripping process

was re-used again in the extraction work in order to
study the extraction efficiency of such a reagent for long
term use. Three kinds of ratio between the recycled and
fresh organic phases were investigated in the same way
as the experiment in the lake water study. The fresh
phase was composed of a mixture of kerosene and sur-
factant at a ratio of 2:1. The ratios of the fresh to recy-
cled extractants were 1:1, 1:2, 1:4. The different diluents
formed as a result were mixed with the sewage samples
in Duran bottles (250 mL) at the phase ratio of 1:1 and
the mixture thoroughly shaken using a shaker (KS125,
Merck Ltd, England) for 6 hrs at a speed of 250 rpm and
the mixture allowed to separate in separating funnels for
2 hours. Different quantities of phosphates were to have
been transferred from the aqueous phase to the organic
phase. The organic phase was then collected and stripped
using sulphuric acid (6M) following the same stripping
procedure as outlined above. The same acid used for
stripping the organic phase of the fresh extractant was
reused in the extractant recycling study in order to mini-
mise the amount of the acid used. The experiment was
conducted for eight runs with each run involving a reuse
of the extractant with an addition of a freshly prepared
one at the same ratio of 1:2. The aqueous phase in each
subsequent run was analysed for the remaining phos-
phates using the ascorbic acid method.

3. Results
3.1. Model Water Study

In order to separate and concentrate phosphates in the
acid extract, an investigation was carried out on the effi-
ciency of solvent extraction using several cationic sur-
factants with respect to the procedure outlined in above.
The preliminary experiments based on solubility tests of
the seven chosen cationic surfactants (Table 2) revealed
that benzyldimethylamine and dibenzylamine could be
used as extractant as they were to be miscible in kero-
sene (diluent) but immiscible in water. However, ben-
zyldimethylamine was the most effective extractant to

Table 2. Solubility of chosen surfactants in selected diluents.

Surfactant Diluent
Kerosene Acetone ethanol Water

Benzalkonium chloride Insoluble Soluble Soluble Soluble
Benzyldimethylamine Soluble Soluble Soluble Insoluble
Dibenzylamine Soluble Soluble Soluble Sparingly soluble
2 ethyl-4-methylimidazole Soluble Soluble Soluble Soluble
Hexadecyltrimethylammonium bromide Sparingly Soluble Sparingly Soluble  Soluble Soluble
Dodecyltrimethylammonium bromide Insoluble Soluble Soluble Soluble
Tritylamine Soluble Soluble Insoluble Soluble
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increase the extraction efficiency of phosphates to the
solvent phase and decreasing that of the extractant to
aqueous phase in comparison to dibenzylamine using
kerosene as diluent.

In addition, benzyldimethylamine comes in liquid
form from the manufacturer hence making it easy to use.
In comparison with the other surfactants selected for this
study, benzyldimethylamine was found to be relatively
cheap to purchase, therefore it was selected for all the
subsequent work.

The effect of mixing time on extraction was investi-
gated. The time of mixing was varied between 1 hr to 24
hrs. Three levels of starting P concentrations namely 3, 6
and 10 mg/L were considered for this experiment. The
results show that the extraction efficiency initially re-
mains constant but starts to decrease after 8 hrs of agita-
tion. This shows that although diffusion is influenced by
the stirring process, it has very little impact on extraction.
The mixing time was therefore fixed at 6 hrs for all other
experiments since high extraction efficiency was realised
at this level with respect to all the initial phosphates con-
centration considered.

Nevertheless, the study also demonstrates that the vol-
ume ratio of kerosene to surfactant is an essential pa-
rameter which affects the extraction efficiency and in-
deed the entire treatment cost. The optimum volume ratio
of kerosene to surfactant was 2:1 based on the extraction
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efficiency (Figure 1). The extraction efficiency under
this volume ratio was greater than 80% for the starting
phosphates concentration of greater 3 mg/L.

Similarly, sets of experiments were conducted in order
to determine the effects of separation time on the extrac-
tion efficiency. In order to prepare the extractant for the
experiment, kerosene was mixed with benzyldimethyl-
amine at a ratio of 2:1. The separation time was varied
from 2 hrs to 24 hrs while the range of starting P concen-
tration varied between 1 to 30 mg/L. The results are rep-
resented in Figure 2. The difference in extraction effi-
ciency between various separation hours was insignifi-
cant. Therefore, it was agreed that 2 hours separation
time was adequate for achieving practical extraction effi-
ciency.

Meanwhile, sulphuric and hydrochloric acids were
used in the stripping process. Three levels of the acid
concentrations were investigated for their stripping effi-
ciency on the phosphate rich organic phase obtained after
the extraction process. These included 3M, 6M and 9M
for the case of sulphuric acid and 2M, 4M and 6M for
hydrochloric acid respectively. The results are repre-
sented in Figure 3. The results obtained did not register
significant differences in terms of acid type and concen-
tration used and a stripping efficiency of > 90% was
achieved irrespective of the acid type and concentration
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Figure 1. Comparison of different Kerosene and Benzyldimethylamine Ratios used in Extraction of Phosphates in
Relation to Extraction Efficiency. The results are presented as (a) and (b) for eight kerosene / Benzyldimethylamine

ratios.
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Figure 2. The effect of separation time on the extraction of Phosphates. The results are presented as (a)

and (b) for five separation times.

(Figure 3). Five kinds of mixing ratios (1:1, 1:2, 1:4, 2:1,
and 4:1) between the organic phosphate rich phase and
the stripping media were also investigated as evident in
Figure 3. The results demonstrated an increase in strip-
ping efficiency with increase in the volume of the acid. A
1:1 ratio by volume was accepted as adequate to achiev-
ing practical stripping efficiency at an agitation period of
4 hours. Since the studies on the two acids did not show
significant differences, sulphuric acid (6M) was selected
as the main stripping agent and therefore used in subse-
quent experiments. Table 3 summarises the optimal op-
erating conditions of SE of phosphate.

3.2. Wastewater Study

Using the established extraction and stripping conditions,
the SE efficiency was examined for real wastewater
samples, which were collected from a full-scale waste-
water treatment works from Southern Water Limited in
England. The quality composition of the wastewater was
analysed as shown in Table 1 above. The study demon-
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strates that in spite of the high amount of suspended sol-
ids in the wastewater samples, an overall extraction effi-
ciency of greater than 86% (Table 4) was achieved using

Table 3. A summary of extraction conditions established
during model water studies

Extraction Parameter Stripping Parameter

Benzyldi- I H>S04
Best Surfactant methyl-amine Stripping Agent (6M)
Best Mixing time 6 hrs Mixing time 4 hrs
E_,est separation 2hrs E_>est separation 2hrs
time time
Mixing Ratio
(Kerosene: Sur- 2:1
factant)
Mixing Ratio Mixing Ratios
(aqueous: Organic  4:1 (Organic: Acid 11
Phase) Phase)
Minimum detection Minimum detec-
limit 10 g/l tion limit 10 gL
Mammym extrac- 95 60% N_Iammu_m strip- 91.34%
tion efficiency ping efficiency
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Table 4. Wastewater phosphorus extraction results.

Fresh Fresh: Recycled extrac-
Organic _tants
Phase 1:1 1:2 1:4
. . 87.00 81.88 7135 62.54
Extraction Efficiency (%)
86.82 81.84 78.63 6150
Average Extraction Effi- 86.91 81.86 7499 62.02

ciency (%)

a freshly prepared extractant. Three ratios of fresh to
recycled extractants (1:1, 1:2 and 1:4) were investigated
as illustrated in Table 4. There was a general decrease in
the extraction efficiency with respect to the increase in
the recycled portion of the extractant. This implies that
the introduction of the fresh extractant enhanced the ex-
traction of phosphates from the wastewater. The 1:2 ratio
of fresh to recycled extractant was found to be the most
reasonable ratio for separation and concentrating phos-
phates efficiently from wastewater since a 1:4 ratio gave
low extraction efficiency. In addition, this selected ratio
does emphasise the aim of sustainability and cost reduc-
tion by using more of the recycled extractant while
maximising extraction efficiency. The stripping experi-
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ments conducted using 6M sulphuric acid achieved an
average stripping efficiency of 94%.

The study also demonstrates that the extractant has the
capability of being recycled nine times before its effi-
ciency falls to an average of 65% for total residual P
concentration and 70% for soluble residual P concentra-
tion, one example is illustrated in Figure 4. The experi-
ments help to show that the extracted phosphates can be
recovered in the form of an acid which can be utilised for
other industrial uses including fertiliser production.

4. Discussion

There are several approaches used to extract phosphates
from wastewater. One approach is to specifically design
an extractant as a cationic host with the ability to bond
reversibly with the guest and in this study the guest being
the phosphate anion. The cations can have metal centres
that bind to the phosphates anion group or cationic group
that interact by hydrogen bonding or donating an elec-
tron. Amines meet many of these requirements and re-
versibility of the anionic binding can be achieved by
switching between the free amines and its protonated

Phosphates Recovery (a)

98

96

9 ]

92 4

Q0 4

38 4

36

Stripping Efficiency (%)

54

Molar
Concentration

—— M
—8— BN

—— M

04:01 0z:01

01:01

01:02 01:04

Ratio of Organic to Acid Phase

Phosphates Recovery (b)

a5 ]
96 1
o ]
9 ]
90 1
88
86 1
51 1
82

Stripping Efficiency (%)

Molar
Concentration

—e— M
—— M

—— fild

04:01 0z2:01

01:01

01:02 01:04

Ratio of Organic to Acid Phase

Figure 3. The effect of organic to acid phase ratios on the stripping process of phosphates using

(a) sulphuric acid and (b) hydrochloric acid.
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Recycling of Organic Extractant in Phosphates Extraction
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Figure 4. Relationship between the extraction efficiency, total phosphate residual with respect to
the experimental run numbers. The ratio of fresh to recycled extractant was maintained as 1:2.

form. In this research study the surfactant (benzyldi-
methylamine), an amine reagent, was used as a cationic
host or extractant, together with kerosene as a diluent
containing an amine group. Selection of an appropriate
diluent is very important due to both physical and
chemical effects that they can exhibit in the extraction
process and also the economics of the entire system.
Kerosene was selected in this research work due to its
inert properties and as it had been utilised as a diluent in
many previous liquid-liquid extraction studies. Kerosene
is also relatively cheap to purchase and readily available.
Kerosene aided by decreasing emulsion formation during
agitation, a phenomenon common with surface active
extractants such as benzyldimethylamine.

Amines are nucleophiles and can act as Bonsted-Lowry
acids by donating a proton. The results evidently demon-
strate that the phosphate ions can be selectively and re-
versibly bound on the extractant, permitting their subse-
quent removal from the wastewater effluent. The extrac-
tant also displays excellent selectivity of phosphates.
This could be attributed to the higher valence (ionic
charge) of the phosphates anions in solution. The extrac-
tant, composed of kerosene and Benzyldimethylamine,
when added to wastewater can form micelles which have
positive charge to their surface. Anionic contaminants,
such as phosphate, which is the focus of this research
work, can be bound on these micelles by electrostatic
interaction. This then enables the micelle-pollutants com-
plex to be available for removal from the wastewater ef-
fluent.

The experimental results, obtained via batch experi-
mentation using wastewater samples which contained
varying amounts of phosphate, demonstrated a > 90%
binding capacity of the extractant. This could be attrib-
uted to the higher anion concentration gradient between

Copyright © 2010 SciRes.

the surrounding liquid medium and the “phosphate free”
extractant matrix, which increases the flux of phosphate
anions into the cationic extractant matrix to provide a
higher binding capacity. Similarly, the extractant has
shown a substantial capability to extract phosphate ani-
ons across a wide concentration range, as indicated by
the results obtained for each of the sample categories
considered in this research.

The stripping process can be described as the reverse
reaction to the extraction process. Thus, in this research
work, an acid solution has been used of a concentration
sufficiently high to drive the phosphate ions from the
organic phase into the acid phase. It therefore follows,
from the stripping results illustrated above that the stabil-
ity of the extracted species does govern the type and so-
lution of the strip and concentration required. Hence a
high concentration of acid (6M H,SQO,) is needed to strip
phosphates from the organic phase in the stripping stage.
Consequently, the extractant can be regenerated after
having bound the phosphate ions from the wastewater
and its removal efficiency can be retained for at least five
regeneration cycles upon treatment with 6M sulphuric
acid. Most aliphatic amines that are used in liquid-liquid
extraction operations have low solubility in aqueous
acidic solutions as low as 10 ppm [15]. This solubility is
determined, amongst other things, by the number of car-
bon atoms in the molecule and the degree of chain
branching, as the greater the branching the lower the
solubility. As demonstrated by the stripping results in
this research work, it follows that the extractant used has
a lower solubility in the 6M H,SO, used as the stripping
agent. Nevertheless, by adding a small percentage of a
fresh extractant to the stripped volume enabled it to be
reused over multiple cycles for the removal of phos-
phates from wastewater. The sulphuric acid used for
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stripping the organic phase from the wastewater demon-
strated that it could be reused nine times in a similar
manner to the extractant.

SE is an equilibrium process; however, the rate at
which the equilibrium is reached is an essential factor. In
SE processing, the kinetics of the systems governs the
throughput of the process. Accordingly, with slow kinet-
ics, the retention time in the extraction stages must be
greater than for a system involving fast kinetics. Indeed
very fast Kinetics of extraction allows the use of contac-
tors which have retention times in the order of seconds
[15]. Normally, the extraction is governed by mass
transfer and diffusion rates which can be relatively rapid.
The viscosity of the phases, the amount of agitation and
the temperature of the system are some of the other fac-
tors that affect the rate of extraction. In a heterogeneous
system, such as we have in SE, the rate of extraction de-
pends in large measure on the surface area of the dis-
persed phase. In using the shaker to mix the organic and
the aqueous phase, one of the phases gets dispersed into
the other and the amount of the surface area of the dis-
persed phase largely depends on the amount of agitation.
However, it is not necessarily that the greater the agita-
tion the greater the rate of phosphate ion extraction. In
this study, the agitation was done at a fixed rate of 250
rpm which was sufficient enough to allow extraction to
take effect. Too much agitation can result in the forma-
tion of stable or semi-stable emulsions.

Moreover, decreasing the bubble size of the dispersed
phase could result in making the bubbles resemble rigid
spheres. In this situation, there is no internal movement
within the spheres, hence no new surfaces are produced
and the extractant cannot get to the surface to react with
the phosphate ions, resulting into a slow extraction rate.
The desorption of surfactants used as extractants such as
amines (benzyldimethylamine in this study) from the
organic-aqueous interface, is a rate determining step.
This effect reduces the rate of transfer of anionic/cationic
species as a result of mechanical blocking, especially if
the interfacial area is large due to excessive mixing [15].
Thus extraction with excessive mixing may be signifi-
cantly different from that obtained from gentle mixing
with the same system, as equilibrium is not attained in
the former case. Again, using a low mixing rate of 250
rpm provided the right equilibrium by which the transfer
of phosphate ions from the aqueous phase into the or-
ganic phase was achieved and the same scenario repeated
at the stripping stage. This helps to explain that increas-
ing the energy of mixing does not necessarily mean that
the rate of extraction will also increase.

The physical aspects of SE are largely concerned with
the dispersion of the two phases on mixing and the com-
pleteness of the phase disengagement or coalescence.

Copyright © 2010 SciRes.

The two processes, i.e., dispersion and coalescence, are
integral steps in the SE process and indeed govern the
design and operation of a plant. Therefore, in order to
achieve a practically useful level of coalescence of two
dispersed phases, the dispersion must be of a temporary
nature [15]. The rate of mass transfer across a phase
boundary is a function of the drop size distribution or the
interfacial area between the phases. The drop size is con-
trolled by the speed and the type of the shaking device
and also the surface tension and the densities of the two
phases. It follows then that the smaller the drop size, the
greater the rate of mass transfer; hence the agitation of
the two phases has an impact on the mass transfer rate of
the phosphate ions and the coalescence of the dispersed
phase. Meanwhile, the high extraction and stripping effi-
ciency realised in this research indicates the high mass
transfer rates in between phases, meaning between the
aqueous/organic phase and organic/acid phases. The ex-
tractant has demonstrated to have the capability of selec-
tively binding phosphorus into its matrix, permitting its
subsequent removal from the contaminated source of
wastewater. The extractant containing the bound phos-
phorus can then be regenerated for reuse. The treated
effluent can then be safely discharged into natural waters
or sent for further treatment for use as a municipal water
supply. The phosphoric acid produced by stripping the
extractant with sulphuric acid can be used as a raw mate-
rial in the production of fertiliser among other industrial
uses.

5. Conclusions

This study revealed that by controlling certain parame-
ters such as equilibrium time (6 hours and 4 hours for
extraction and stripping, respectively), benzyldimethyl-
amine/kerosene ratio of 1:2 by volume and using 6M
H,SO,as a stripping reagent, a high extraction efficiency
of between 80-90% and a stripping efficiency of > 90%
can be achieved.

In the wastewater study, an overall extraction effi-
ciency of 87% efficiency was achieved. A ratio of 1:2 of
the fresh to the recycled extractant was preferred, as it
gave a reasonable extraction efficiency of > 80%. The
stripping efficiency was 94%. Meanwhile, the resulting
extractant was able to be reused nine times, achieving an
overall phosphate removal efficiency of between 71-
91%.
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