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ABSTRACT

Phosphate recovery by crystallization has been a concern in recent years. However, to
obtain a high efficiency in crystallization, the phosphate concentration in the influent stream is
an important factor to control. This study aims at the fractionation and concentration of
phosphate from synthetic water in selectrodialysis to increase the concentration as a
pretreatment prior to crystallization. A lab-scale ion exchange membrane electrodialysis
system (selectrodialysis) was used to perform the experiments. The results of selectrodialysis
show that an increase in current density, initial pH of the product, and initial feed
concentration of phosphate led to an increase in phosphate concentration in the product. The
phosphate concentration in the product can reach 16 mM with a purity of phosphate 44%, the
current efficiency to transport phosphate and chloride was 26.6% for a standard anion
exchange membrane and 63% for a monovalent selective anion exchange membrane.
Therefore, this study proves that the selectrodialysis is feasible and effective to fractionate
phosphates from monovalent ions in the mixture.

Keywords: Selectrodialysis; phosphate fractionation; wastewater, ion exchange membrane,
phosphate recovery.
TOM TAT

Thu héi Phosphate bang qua trinh két tinh da dwoc quan tam trong nhitng ndm gan day.
Tuy nhién, dé dat doc hiéu qua cao trong qué trinh két tinh, ndng d¢ phosphate dau vao 1a mét
yéu té quan trong. Nghién ciu nay nham muc dich phdn tach va lam dam dac phosphate tir
nuéc thdi bang mang selectrodialysis dé tang nong dé nhw la mgt qua trinh tién xi [y trueée khi
theec hién qua trinh két tinh. Hé thang mang tham tich (selectrodialysis)véi qui mé phong thi
nghiém duwoc thiét ldp. Céc két qua cua vige phan tach phosphate cho thdy Vi sw gia tang
cwong dé dong dién, pH ban dau, va néng dg phosphate dong vao ddn dén su gia tang nong do
phosphate trong dong san pham. Nong dg phosphate trong dong san pham c6 thé dat téi 16 mM
Véi do tinh khiét cia phosphate 44%, hiéu qud vén Chuyen phosphate va chloride la 26.6% doi
VOi mang trao doz anion va 63% doi Véi mang trao doi anion hda tri mét. Do dé, nghién ciru nay
chitng minh rang viéc phan tach phosphate tir nuréc thai la kha thi va cé hiéu qud.

Tir khoa: Selectrodialysis; phan tach phosphate; nuwdc thai, mang frao d@si ion, thu hoi
phosphate.

1 INTRODUCTION most developed technique that can bt_e a_lpp_lied
to recover phosphate is precipitation/

Phosphorus (P) is an essential and limited  crystallization as struvite and calcium
element, therefore phosphate recovery from phosphate [2-4]. Calcium phosphate can be
wastewater is to be considered an important  directly used in the phosphoric acid and

aspect in sustainable development [1]. The fertilizer production. Struvite can be formed by
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addition of ammonia and magnesium to
phosphate to obtain a precipitate of magnesium
ammonium phosphate (MgNH4PQO,) and has a
slow release mechanism.

However, this precipitation technology
still  has drawbacks since low feed
concentrations lead to low supersaturation
levels, and a low efficiency. The minimum P
concentration required for good precipitation
is 50 mgP/L at neutral pH [5], while the
concentration of phosphate in municipal
wastewater is low (from 18.5 to 48.3 mgP/L)
[6]. Consequently, to achieve a high recovery
efficiency, new techniques are to be
developed in order to concentrate phosphate
prior to the precipitation process.

Biological treatment [7-8], adsorption
[9-10], ion exchange [11-12] and
nanofiltration [13-14] are common methods
to concentrate and recover phosphate from
wastewater. Kodera et al. (2013) [8] used
anaerobic treatment to increase the phosphate
concentration from 5 to 100 mgP/L by using a
biofilm  enriched with  polyphosphate
accumulating organisms. Biological treatment
was carried out in a sequencing batch reactor
(SBR), an anaerobic anoxic oxic (A20)
reactor and an oxidation ditch. During the
anaerobic phase, phosphate taken up in
aerobic conditions is released. Xiong and
Peng (2008) [9] used ferrihydrite-modified
diatomite, which was made by modifying the
surface of raw diatomite including NaOH
treatment and ferrihydrite deposition, as
phosphorus adsorbent. With increased surface
area and surface charge, the maximum
adsorption capacity of ferrihydrite-modified
diatomite increased from 10.2 mg P/g of raw
diatomite to 37.3 mg P/g at pH 4 and from
1.7 mg P/g to 13.6 mg P/g at pH 8.5. The use
of ion exchange for this application was
studied by Kumar et al. (2007) [11]. The
adsorption capacity of a Dow 3 N Cu loaded
resin was 17.5 mg P/mL resin. The ion
exchange process for phosphate recovery has
been further enhanced by using the
regenerated stream with a desorption
efficiency of 85% of adsorbed phosphate to
produce struvite. However, these methods

have some obstacles. The anaerobic condition
to achieve the release of ortho-phosphate is
not easy to control. Adsorption and ion
exchange need a regeneration procedure to
release the phosphate from adsorbents and ion
exchange resins, which leads to a higher
operational cost and a more complicated
process. This study aims at the fractionation
and concentration of phosphate from
synthetic water wusing selectrodialysis to
increase the phosphate concentration prior to
crystallization.

2. METHODS
2.1. An experimental model

A lab-scale ion exchange membrane
electrodialysis system (selectrodialysis) from
PCCell GmbH, Germany was used to perform
the experiments. Three pieces of anion
exchange membranes (PC-AM), three pieces
of monovalent selective anion exchange
membrane (PC-MVA) and four pieces of
cation exchange membranes (PC-CM) were
used in the stack, each with an effective
surface area of 64 cm?, dividing the stack into
four types of compartments: electrode rinsing,
feed, product, and brine (Fig.1). The
membrane characteristic and operational
conditions for selectrodialysis were described
in Table 1 and Table 2, respectively. The
current and the applied pH in the product
adjusted by adding NaOH 6M were kept
constant during 6h continuous operation in
the experiment.
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Figure 1. Cell configuration of
selectrodialysis
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Table 1. Characteristics of PCA membranes

Membrane | Thickness lon exchange Chemical Selectivity Y/ Area
(mm) capacity (meq/g) stz(alrl;i_lli)ty Water splitting @ rt(a;zi.séi\rrllzc)e
PC-CM 0.13 1 0-11 >96%" 0.75-3
PC-AM 0.09 - 0.13 15 0-9 >93%™ 1-15
PC-MVA 0.1 1 0-7 > 979%™ N/A

Table 2. Operational conditions for selectrodialysis

Current density, pH of the Initial ion concentration in | Initial ion concentration in
A.m-? product the feed, mM the product and brine, mM

46.9 8 HPO, =3;ClI'=17 HxPO, =0

46.9 12 HPO, = 3; CI = 17 =20

31.3 10 HPO, =3;ClI'=17

62.5 10 HPO, =3; Cl =17

31.3 8 HxPO, =5; ClI'=15

62.5 8 HxPO, =5; ClI' =15

31.3 10 HxPO, =7;ClI =13

46.9 12 HyPO, =7;ClI'=13

2.2. Analytical methods

Samples of the solution from the different
compartments of the selectrodialysis unit
were taken at 30 min intervals. The pH was
determined by using an Orion pH meter
model 420A, while the conductivity was
measured by using an Orion Star A212
conductivity meter. Anion concentrations
were determined by ion chromatography
(Dionex 1CS-2000).

3. RESULTS AND DISCUSSION

3.1 Phosphate pre-concentration profile in
product stream

The profile of phosphate concentration
in the product was shown in Fig.2. When

comparing the increase of the phosphate
concentration in the product operating at pH
12 and pH 8, the phosphate concentration at
higher pH increases faster than at lower pH.
One possible method that makes monovalent
selective anion exchange membranes have
the selectivity for monovalent ions is the
addition of a small negatively charged
polyelectrolyte layer on the surface of
membrane, making it more difficult for
multivalent ions to pass [15]. As phosphate
was more present in the divalent form at
increasing pH value, more phosphate was
kept in the product.
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Figure 2. Change of phosphate concentration as a function of time in the product of a
selectrodialysis unit

Moreover, it can be seen that the use of a
higher current density leads to a higher

phosphate concentration in the product stream.

This result is not unexpected as the ions carry
themselves the current, higher current
densities result in high mass transfers. An
increase in the initial phosphate feed
concentration also resulted in an increase of
the phosphate concentration in the product
compartment. However, the final phosphate
product concentrations respectively were 2.3
and 2.1 times the initial concentration in the
feed of 7 mM and 3 mM, which proves that
selectrodialysis has the possibility to
pre-concentrate phosphate even at a low
concentration in the feed.

Besides that, the removal percentage of
phosphate from the feed to the product stream
was also higher at a higher current density:
66.2% for the experiment at i = 62.5 A.m™
after 330 min and 40.5% at i = 31.3 Am™
after 360 min of operation. The phosphate
concentration in the brine was with 1.65 mM

higher ati = 62.5 A.m™ than with 1.11 mM at i
= 31.3 Am? Similarly, starting from a
phosphate feed concentration of 5 mM and
applying a product pH 8, the phosphate
concentration in the brine at a current density
of 62.5 A.mincreased from 0 mM to 7.7 mM
and only from 0 mM to 4.8 mM at i = 31.3
A.m?. This result is not unexpected as the
ions carry themselves the current, higher
current densities result in high mass transfers.

3.2 Chloride removal profile in product
stream

Fig. 3 shows the profile of the chloride
concentration in the product stream as a
function of time. The chloride concentrations
in the product stream decreased at pH 10 and
pH 8, but initially increased at pH 12. At pH 8
of the product stream and i = 46.9 A.m-2, the
chloride concentration decreased from 20 mM
to 17.4 mM (Fig. 3). More chloride went from
the product stream to the brine stream since
the MVA membranes are selective for
monovalent ions.
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Figure 3. Change of chloride concentration as a function of time in the product of a
selectrodialysis unit

However, the chloride concentration
increased from 20 mM to 35 mM after 330
min at pH 12 in the product stream (Fig. 3).
This is probably due to the high pH in the
product stream, which caused a lot of
hydroxide ions (OH-) to be present in the
product stream. Under the effect of the
electrical field, these ions (OH-) were
transferred to the brine stream instead of the
chloride ions, and so part of the chloride ions
that came from the feed stream to the product
stream were kept in the product stream.

4. CONCLUSION

A promising and sustainable renewable
source of phosphate was obtained by an
integrated selectrodialysis/crystallization
process, in which selectrodialysis was first

used to pre-concentrate the phosphate before
crystallization in a fluidized pellet reactor. An
increase in current density, initial pH of the
product, and initial feed concentration of
phosphate led to an increase in phosphate
concentration  in  the  product  of
selectrodialysis. The phosphate concentration
in the product can reach 16 mM with a purity
of 44%, the current efficiency to transport
phosphate and chloride was 26.6% for a
standard anion exchange membrane and 63%
for a monovalent selective anion exchange
membrane.
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