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Struvite Recovery from Swine Waste Biogas Digester Effluent through a
Stainless Steel Device under Constant pH Conditions*

P. W. ANTON PERERA, WEI-XIANG WU, YING-XU CHEN, AND ZHI-YING HAN?

College of Environmental and Resource Sciences, Zhejiang University,
Hangzhou 310029, Zhejiang, China

Objective To investigate the struvite precipitation under constant and non-constant pH conditions and to test a stainless
steel device under different operating regimes to maximize the recovery of struvite. Methods The molar ratio of NH,*: Mg?*:
PO,* was adjusted to 1: 1.2: 1.2 and pH was elevated to 9.0. The absorbance measurement was used to trace the process of
struvite crystallization. Wastewater and precipitate analysis was done by standard analytical methods. Results The pH
constant experiment reported a significantly higher struvite precipitation (24.620.86 g) than the non-constant pH experiment
(19.8+1.86 g). The SAR ranged from 5.6 to 8.2 g m?h™ to 3.6-4.8 g m?h™ in pH constant and non-constant experiments,
respectively. The highest struvite deposit on the device was found in regime 3 followed by in regimes 2 and 4. The highest PO,*
(97.2%) and NH," (71%) removal was reported in the R1 regime. None of the influent Cu®" or Zn?" was precipitated on the
device. Conclusion A higher struvite yield is evident in pH constant experiments. Moreover, the stainless steel device
facilitates the isolation of heavy metal free pure (around 96%) struvite from swine waste biogas digester effluent contaminated
with cu?" and Zn* and the highest yield is attainable with the device operating at 50 rpm with agitation by a magnetic stirrer.
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INTRODUCTION

The generation of wastewater on a large scale is
an inevitable consequence of modern societies.
Wastewater is often harmful to humans and
environment and it is important to treat it prior to its
release. Obligatory anaerobic treatment of domestic
and agro-industrial wastewater releases large amounts
of phosphorus and nitrogen into wastewater, which is
finally disposed into streams, lakes, seas, and land
surfaces. These nutrients are directly responsible for
the eutrophication, dissolved oxygen depletion and
create imbalanced ecosystems in water bodies
worldwide! . Further problems occur owing to the
fact that certain forms of nitrogen, such as ammonia,
nitrite and nitrate, are toxic to aquatic life or may lead
to diseases in those who drink water contaminated
with these compoundst”. Consequently, more
stringent standards for nutrient removal, particularly
for the Phosphorus removal, have been introduced
globally’?l, In order to meet the set standards, a

variety of wastewater treatment technologies have
been developed. In all cases, phosphorus is removed
by converting it into a solid fraction. This fraction
can be an insoluble salt precipitate, a microbial
biomass in activated sludge or a plant biomass in
constructed wetlands. As a significant form of
nitrogen, ammonia is treated mainly by the process of
biological nitrification and  denitrification®®®.
However, none of the above treatments recycles
phosphorus or nitrogen as a truly sustainable product.

As phosphorus and nitrogen are essential
elements of all living organisms, the consumption of
these elements is ever increasing!®.. The demand for
phosphorus alone is projected to increase by 1.5%
each year, suggesting that the available phosphorus
resources can be exhausted within another 100-250
yearst®). The recovery of these elements, therefore, is
an important priority, which is expected to contribute
to sustainable development through saving essential
raw materials. The recovery of phosphorus and
nitrogen from the wastewater in the form of
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crystalline struvite (MgNH,4PO, 6H,0) is found to be
a sustainable option because the struvite is considered
a possible fertilizer™ ™. Under high pH conditions,
dissolved NH,", Mg®*, and PO,* ions combine and
spontaneously precipitate to form scales that deposit
on surfaces during anaerobic digestion and post
digestion processes, which becomes a nuisance in the
wastewater treatment industry>**l. The crystals
attach to sludge particles in suspension and to surfaces
of equipments, tanks and pipe walls in contact with the
digested sludge, causing serious operational
problems®™**!, Several studies have been conducted to
identify the fouling propensity of struvite on some
materials that can be used in wastewater treatment
facilities to minimize the scale deposition. Cast iron*®,
metal parts®”] and stainless steel™ have been found
to be more susceptible to struvite scaling than other
materials, such as PVC, plastic, Teflon, and acrylic.
These findings can be effectively used to design
technologies for better struvite recovery, when they
are made to occur under controlled conditions. Since
the studies on the use of fouling propensity of
different materials to increase the struvite recovery
are scarce, the authors have undertaken this study.
Moreover, the stainless steel is found to be a more
favorable material for scaling, and accordingly a
device is designed with this material to maximize the
recovery. In order to prevent the operational
difficulties associated with heavy devices, the device
has been designed with stainless steel wire mesh.

A previous study of the authors reported that the
pH decline occurred in the struvite reaction solution
hinders further precipitation, although sufficient
amounts of NH,", Mg®, and PO,* ions are
available!®. Therefore, a comparative study under
constant and non-constant pH conditions was
designed by keeping the other conditions identical.

The objective of the present study was to
evaluate the effect of constant pH on the struvite
yield and to assess the performance of the new
stainless steel device under different operating
regimes in isolating struvite from swine waste biogas
digester effluent.

MATERIALS AND METHODS

Reactor Design

A laboratory scale reactor (15 cm diameter X
24 cm height) with the working volume of 3 L was
used for the struvite precipitation and recovery
experiments. The struvite-accumulating device (Fig. 1)
comprised of 8 faces of steel mesh was fixed into the
reactor. The mesh was woven with a 0.4 mm steel
wire forming 1 mm holes. The total surface area of

the accumulating faces was 576 cm? (8 X6 cm X 12
cm). This device was placed 4 cm above the bottom
of the reactor.
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Fic. 1. Struvite accumulating device.

Quality of Wastewater and Operating Conditions

The swine waste biogas digester effluent
(SWBDE) was obtained from the Xiasha Swine Farm
in Hangzhou of Zhejiang province. The supernatant
collected from the effluent discharge pond was stored
at 4 C for 24 h in a refrigerator to allow the solids
to settle and was then separated and stored at 4 C
until further use. The water quality parameters of the
effluent used for the experiment are summarized in
Table 1. Two sets of experiments were undertaken to
assess the potential of struvite accumulation on the
newly designed device and the effect of maintaining a
constant pH during the precipitation process. In one
set of experiments, the initial pH was elevated to 9.0
and maintained at the same pH value throughout the
15 h experiment period. In the other set, the initial pH
was similarly elevated to 9.0 and thereafter no effort
was made to maintain a constant pH. The elevation
and/or maintenance of pH were done with 1 mol/L
NaOH solution.

In the other set, the struvite recovery with four
different reactor-operating regimes was tested. In the
first regime (R;), 3 L of SWBDE was filled into the
reactor, and the molar ratio and pH were quickly
adjusted and agitated with a magnetic stirrer at 500
rom (R,= agitation + no device). It was operated
without the struvite accumulating device (SAD) to
assess whether the device influences the precipitation
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TABLE 1

Selected Water Quality Parameters of the Wastewater Used in the
Experiments

Parameter Concentration/Value
pH 7.55
NH,*-N (mg L™ 296
NOz-N 12
NO;-N (mg L™) 0.28
PO,*-P (mg L™) 64.2
Mg? (mg L™ 94
ca®* (mgL™) 65
COD¢, (mg L™ 980
SS(gLh 1.4
Cu® (mg L% 0.2
Zn* (mg LY 0.4

of struvite. In the second regime (R,), the device was
permanently fixed in the reactor and the magnetic
stirrer was also in operation (R, = agitation + fixed
device). In the third regime (R3), the device coupled
with an overhead agitator, which rotates at 50 rpm,
and the magnetic stirrer was also in operation in the
same reactor (R; = agitation + rotating device). The
final regime (R,) comprised of a rotating device not
agitated by the magnetic stirrer (R, = no agitation +
rotating device). Except for these operating conditions,
the same molar ratio and pH value were used in these
experiments. The NH,": Mg®: PO, molar ratio of
1:1.2:1.2 which was found in preliminary tests as the
best ratio for optimum struvite recovery was used for
all the experiments. Regent grade magnesium chloride
hexahydrate (MgCl, -6H,0) and potassium di-hydrogen
phosphate (KH,PO,) were used to bring the NH,"
Mg?**: PO,* molar ratio to 1: 1.2: 1.2 in SWBDE at the
beginning of each run.

Analytical Procedure

The crystallization process was monitored by
spectrometric absorbance measurements recorded at
385 nm. During the first 20 min of reaction,
absorbance was recorded at every 2 min followed by
records at every 10 min up to 1 hour and then once in
every hour until the end of the 15 h experiment. In
the experiment with non-constant pH, the variation of
pH was recorded in every 5 min during the initial 30
min of the experiment and thereafter in every 10 min
up to 180 min using a Sartorius PB-10 pH meter
(Goettingen, Germany). The initial and final NH,",

Mg®*, and PO,* concentrations of the solution were
measured with the standard analytical methods
(APHA 1998)%. The precipitate deposited on the
device was carefully removed with brushing after
drying the device at 40 ‘C for 48 h. The precipitate
settled at the bottom was first air-dried for 2 days and
then oven dried at 40 ‘C for 48 h. The dried
precipitate samples from the device and bottom
sediments were dissolved in 0.1 mol/L HCI and
analyzed for Mg*, NH,", and PO, content as
described elsewhere?). Magnesium, copper and zinc
concentrations were determined with a thermo
elemental solar M6 MKI11 atomic absorption
spectrophotometer (Thermo Electron Corporation,
USA). Orthophosphate (PO,*) was measured with
the ascorbic acid colorimetric method and ammonia
nitrogen was measured with a spectrometer (Unico
UV-4802, China). All the analyses were performed in
triplicate and the average figures were calculated.
Statistical analysis of experimental data was
performed using the analytical software SPSS 11.0
(SPSS Inc. USA).

RESULTS

Evolution of pH during Precipitation Process

Previous work revealed that the pH of struvite
precipitation solution declines over time and struvite
precipitation comes to an equilibrium state even
though considerable amounts of Mg®*, NH,*, and
PO,* ions are still available from the solution*®. In
the present study, therefore, struvite recovery was
tested at both constant and non-constant pH
conditions to evaluate any possible effect of a
constant pH on the recovery of struvite. In the
struvite recovery experiments with non-constant pH,
the evolution of pH over time showed a unique
pattern (Fig. 2). All the tested operating regimes
showed that the initial pH was sharply declined in the
first 15 min, moderately reduced in next 20-25 min
and then maintained stable. Out of the four operating
regimes tested, 3 regimes (Ry, R,, and Rj3) using the
magnetic stirrer, reached almost a similar pH value
after 90 minutes of operation. When the reactor was
operated no agitated by the magnetic stirrer (R,), the
pH was slightly lower than that agitated by the
magnetic stirrer.

Effect of pH on Struvite Yield

A different result was observed when the total
precipitation in the pH constant and non-constant
experiments was compared. The average amount of
total precipitate found in the pH constant experiment
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FiG. 2. Evolution of pH during struvite precipitation under
different reactor operating regimes.
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FiG. 3. Effect of non-constant (a) and constant
(b) pH on the accumulation of struvite
under different reactor configurations.

after 15 h of reaction was (24.630.86 g) significantly
higher (P<0.05) than that observed in the
non-constant pH experiment (19.841.86 g). In

addition, the total amount precipitated with each
operating regime in constant pH experiment was
always higher than that precipitated with the
operating regimes in the non-constant pH experiment
(Figs. 3a and 3b). As indicated in Fig. 2, the final pH
of the non-constant pH experiment in R1, R2, and R3
was 7.88 and 7.94 in R4 3 hours after experiment.
The availability of the effective free ions became less
under these low pH values®?? and consequently, a
significantly lower struvite yield was found in the pH
non-constant experiments (Fig. 3).

Changes in Absorbance Measurements during the
Precipitation Experiments

Absorbance measurements are used to monitor
the nucleation and growth process in precipitation
experiments®.  The absorbance measurement
corresponds to the quantity of energy absorbed or
transmitted by the matter and, therefore, the evolution
of absorbance of a solution at a specific wavelength
indicates the advancement of the crystallization
process and hence the particle growth. In the present
experiments, absorbance measurements were used to
investigate the variations in struvite nucleation and
growth under constant and non-constant pH
conditions with different reactor operating regimes.
Just after the initial pH adjustment of both pH
constant and non-constant conditions, the absorbance
quickly reached the peak in the first 20 min and then
gradually maintained a steady state (Figs. 4a and 4b).
It was noticeable that the peak absorbance values
observed in all the operating regimes in constant pH
experiment were comparatively higher than those in
the non-constant (variable) pH experiment (Table 2),
suggesting that the constant pH condition created
more struvite nuclei than the non-constant pH
condition when all the other conditions were
maintained constant. The highest peak absorbance of
0.43 was achieved by the 14th min and reached
nearly stable absorbance of 0.37 after 6 h of reaction
in the constant pH experiment with R; configuration
(Fig. 4b, Table 2). Even though no significant
difference was observed in the peak absorbance
values, the time taken to reach the peak value in R,
(18 min) was slightly longer than that of the
operating regimes. Similarly, in the non-constant pH
experiment, the highest (0.32) and lowest (0.26) peak
absorbance values were observed with R; and R4
regimes, respectively and it took 4 min more in R4to
reach the peak absorbance than in the other regimes
(Table 2). It was clear that the absorbance of steady
state in R; and R, was higher than that in R, and Rzin
both constant and non-constant pH experiments,
indicating the impact of operating regimes on the
final absorbance (Figs. 4a and 4b).
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FiG. 4. Variation of absorbance at non-constant (a) and constant (b) pH at different reactor operating regimes. R, —
agitation (with magnetic stirrer) with no device ( B ), R, — agitation with fixed device (®), R; — agitation
with device rotating at 50 rpm (4), R, — No agitation with device rotating at 50 rpm ().

TABLE 2

Absorbance and Related Data Observed with Different Operating Regimes under Constant and Non-constant pH Conditions

Operating Condition

Parameter Constant pH Non-constant pH

R1 R, Rs Ra R: R, Rs Ra
Peak Absorbance 0.43 0.40 0.39 0.38 0.32 0.28 0.28 0.26
Time at Peak Absorbance 14 14 14 18 16 16 16 20
Steady State Absorbance 0.37 0.14 0.11 0.25 0.27 0.12 0.08 0.20
Time to Reach Steady-state (h) 6 12 12 9 7 7 11 6

Note. R;: Agitation by magnetic stirrer at 500 rpm without accumulating device; R,: Agitation by magnetic stirrer at 500 rpm with
accumulating device fixed to the reactor; Rs: Agitation by magnetic stirrer at 500 rpm with accumulating device rotating at 50 rpm; R4: No
agitation by magnetic stirrer with accumulating device rotating at 50 rpm.

Removal of Struvite Components in Constant pH

Condition

PO," Mg’

Since a better performance of precipitate 100 .
recovery was observed in the constant pH experiment, 7
the removal of NH,", Mg®*, and PO,* ions under each 804
operating condition was evaluated. The highest PO,> £
removal (97.2%) was observed in R; and R, 2 60l
operating regimes while the highest Mg®* removal 5
(97.3%) was achieved in R; and R; regimes. The §40_
highest NH," removal (71.0%) was observed in R; g
regime. The lowest removal of NH,*, Mg*, and PO,* 5
was reported in R, regime, accounting for 69.6%, 204
95.6%, and 94.7%, respectively (Fig. 5). However,
the differences observed in the removal efficiency 0

Agttno IdCVICC Agt+F (‘icwcc Agt+R Idcwcc No Agll%—R device

were not significant. ;
Reactor operating regime

The Rate of Struvite Accumulation on the Device Fic. 5. Percentage removal of NH,", Mg?,

and PO,> from the precipitation
solution after 15 h of reaction with
different operating regimes.

Struvite is well known for plugging pumps and
fouling screens and other equipmentst in wastewater
treatment facilities and similarly, we did find that struvite
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was deposited on the device. As rate of struvite
deposition on a surface is a useful criterion for
optimizing the recovery in the precipitation reactor,
the rate of accumulation was compared in the
operating regimes tested. The highest accumulation
rate of 82 g m?h?*, 75 gm?h* and 6.5 g m? h'
was achieved with R;, R,, and R respectively, in the
constant pH experiment (Fig. 6). A significantly
different accumulation rate was found between Rj
and R4 only. The same order of accumulation rates
accounted for 4.8, 45 g h* m? and 3.6 g h* m?,
respectively, and a significant difference in the
accumulation rate was observed in the non-constant
pH experiment.
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FiG. 6. Rate of struvite accumulation on the device under
constant and non-constant pH with different
operating regimes.

Effects of the Device and Operating Regimes on
Struvite Precipitation

In order to find out any possible influence of the
accumulating device on the overall recovery of
struvite, reactor-operating regimes undertaken in this
experiment (R,, Rz, and R4) were compared to those
carried out under similar conditions except that the
reactor was without device (R;). The average amount
of total precipitates (on the device + at the bottom)
observed in the non-constant pH experiment with
(SAD) was 19.84+1.57 g. An almost similar amount
(19.8+3.04 g) was found in the absence of the device,
but with the same conditions. Similarly, 24.60.89 g
and 24.840.91 g of total struvite deposits were
recorded with and without the device in the constant
pH experiment. The statistical analysis suggested that
the accumulating device had no significant effect on
the total struvite precipitation in both constant and
non-constant pH experiments.

In addition to the introduction of a device to
accumulate struvite, different operating regimes were
also studied, in order to identify the most suitable
procedure to operate a struvite recovery reactor. It
was evident that the presence of the device in the
reactor provided a surface for the attachment of
crystals formed in the solution as a white color
material was deposited on the device. There was
6.410.84 g of deposits on the surface of the device in
the constant pH experiment while 3.740.69 g was
found on the device in the non-constant pH
experiment. In the reactor with R, where the device
rotated at 50 rpm but not agitated by a magnetic
stirrer, the lowest amount of deposits on the device
and the lowest total amount of precipitates were
reported after 15 h of reaction in both experiments.

DISCUSSION

When the pH and concentration of struvite
components are correctly adjusted, the pH decline in
the reaction solution can be used to trace the struvite
precipitation®!®), As the struvite nucleation is a rapid
process under super saturation conditions, a greater
amount of H" ions is released to the solution and
hence a rapid decline of pH can be observed within a
short period of time!®l, However, the availability of
effective free ions for struvite precipitation becomes
limited under these final low pH values (7.88 and
7.94)4 and consequently a significantly lower
struvite yield has been reported in pH non-constant
experiments (Fig. 3). In contrast, the availability of
struvite component ions is increased at pH 9.0 and
above™ and as a result, the struvite yields reporting a
constant pH 9.0 with all the tested operating regimes
are higher than those in non-constant pH experiments,
suggesting that maintaining a constant pH 9.0 during
the precipitation process can enhance the struvite
yield.

In the present study, the final pH reached a more
or less similar value in Ry, R,, and R; regimes and
was also slightly lower than that in R4, suggesting
that the difference in pH values between R;, Ry, R,
and R, is attributed to the variation among the
operating conditions. The common operating
condition found in R;, R, and R; regimes is the
agitation with a magnetic stirrer at 500 rpm that gives
more opportunities for the struvite components to
mix well and react with each other to form more
struvites. Stratful et al.”® reported that mixing is an
important for homogeneity of the mixture that is
essential for the effectiveness of struvite precipitation
reaction. An overhead agitator working at 500 rpm®”
gives the best results and the mixing effect provided
by the agitator is comparable to that by a magnetic
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stirrer running at 500 rpm in our experiment. The
device rotated at 50 rpm in R, could not make
sufficient mixing, thus affecting the nucleation and
reflecting a relatively lower pH reduction in

comparison with that in Ry, R,, and R3 regimes (Fig. 2).

This phenomenon similarly affected the absorbance
measurements (Figs. 4a and 4b), total amount of
precipitates and the amount precipitated on the device
(Figs. 3a and 3b), as well as the struvite accumulation
rate (SAR) on the device (Fig. 6).

As suggested by Barett and Parsons®?,
absorbance measurements can be used to define the
results of our experiment. The lower peak absorbance
observed with each tested operating regime in the
non-constant pH experiment than in the constant pH
experiment was due to the lower nucleation of
struvite under uncontrolled pH conditions. The
absorbance value of R regime in both experiments
remained high as the struvite crystals formed in the
reactor were suspended in the solution in the absence
of a device to attach to. The lowest absorbance
reported with Ry regime in both experiments (Figs. 4a
and 4b) can be explained by the deposition of more
struvite nuclei on the device aided by the dual type of
mixing: agitation by the magnetic stirrer and rotating
device, which was further supported by the fact that
the highest amount of struvite in both experiments
was deposited on the device in regime R; (Figs. 3a
and 3b).

In the present study, the purity of struvite
deposited on the device was nearly 96%, which is in
agreement with the reported findings*. Although the
amount of Cu?* and Zn*" was low in the wastewater
used in the present study (Table 1), nearly 70% and
48% of these elements were settled with struvite at
bottom of the reactor (Table 3). However, indiscriminate
use of Cu®* and Zn?* as a growth promoter in swine

and other livestock industries is a great concern today.

Therefore, struvite recovered from livestock and
other wastewaters with higher Cu®* and Zn?* levels,

has the risk of contamination with these two elements.

Since the precipitates found on SAD contain no Cu®*
and Zn®* in detectable quantities (Table 3), it is a
useful tool to recover uncontaminated phosphorus
and nitrogen from the wastewater contaminated with
these two heavy metals, and moreover, a cost
effective alternative source of phosphate than rock
phosphate minerals commonly contaminated with
heavy metals such as cadmium and uranium with
impurities like magnesium!?®®l, The reactor with a
stainless steel wire mesh device has proved to be a
feasible way of recovering fairly pure struvite from
swine wastewater biogas digester effluents.
Furthermore, it is worth to maintain constant pH as it
permits to precipitate more struvite than the non-
constant pH. The SAR observed on the device in the

constant pH experiment ranged 6.5-8.2 g m” h?,
which weas higher than 2.8-5.4 g m?h™ observed
with stainless steel coupons™. On the contrary,
Suzuki et al.”"! reported that the accumulation speed
was 16 g m2h™ on stainless steel rods submerged in a
struvite precipitation experiment in which the
accumulation rate is 1.95-2.85 higher than that in the
present study. However, this difference in
accumulation rate could be attributed to the variation
of surface roughness occurred in these two
precipitation experiments. In our experimental set-up,
the reaction time was only 15 h and struvite was
accumulated on a stainless-steel wire-mesh surface
whereas struvite continued to accumulate on a
stainless-steel rod surface for few days as reported
abovel!. Once the surface is covered with struvite, it
provides a rough surface for further accumulation of
struvite in an accelerated rate™® 2! during the rest of
the precipitation process. Therefore, the accumulation
rate achieved in our experiment was comparable to
the time of the struvite precipitation process.
Although a higher struvite accumulation speed has
been reported, the weight of the device made of
stainless steel bars or coupons would create
operational problems. Therefore, the stainless wire
mesh device introduced in this study would be more
feasible as it reduces the total weight which
minimizes the handling and operational difficulties
while allowing recovery of a sizable amount of
struvite. The other single long-term study using swine
wastewater with a struvite accumulation device™
reported the accumulation rate ranges 1.87-4.5 g m2h*
within the initial 7-month operating period. However,
a comparatively higher rate of 12.9 g m2 h that
could be attributed to the increased surface roughness
due to continuous struvite accumulation has been
observed beyond 7 months of operation. Therefore,
the authors predict that a better SAR would be
achieved with the long-term operation of the new
device tested in this study.

Although different wastewaters such as centrate
liquor™ swine wastewater®?! and swine waste
biogas digester effluent (present study) are used in
struvite precipitation experiments, PO,* and Mg*
concentrations vary in a narrow range of 64.2-76 mg L™
and 36-94 mg L™ It was reported the NH,'
concentration is 296 mg L™ in SWBDE and 532 mg L™
in swine wastewater’”!. However, the PO,* removal
efficiency was 96.7% in the current study and SAD,
constant pH and molar ratio was much higher than
the reported value (67.3%)2%.

The reactor-operating regime seems to contribute
to the struvite accumulation rate on the device. The
differences in the amount of precipitates found in
each operating regime could be attributed to the
different mixing and nucleation conditions. Ohlinger
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TABLE 3

Amounts of Struvite Constituents, Cu?* and Zn** Removed from the Solution, Settled at the Bottom and Deposited on the Device (in mmol)
with Different Operating Regimes after 15 h of Reaction

Operating Regime

Fraction Constituent and Ratio
Rl RZ R3 R4
PO 73.95 73.95 73.56 72.06
Mg?* 74.04 73.05 74.04 72.75
. NH,* 45.03 44.4 44.64 44.14
Removed from Solution o
Cu 0.0061 0.0066 0.0066 0.0061
Zn* 0.0087 0.0092 0.0092 0.0092
NH,*: Mg?": PO* 1:1.64:1.64 1:1.64:1.65 1:1.65:1.64 1:1.65:1.63
PO - 26.5 28.94 22.46
Mg* - 26.0 28.94 23.65
i . NH,* - 254 29.52 21.75
Deposited on Device o
Cu - - - -
zZn? - - - -
NH,*: Mg?": PO* - 1:1.04:1.02 1:0.98:0.98 1:1.08:1.03
PO 73.95 47.50 44.62 49.60
Mg* 74.04 47.05 45.10 49.10
Settled at Bott NH,* 45.03 19.0 15.12 22.38
ettled at Bottom
cu® 0.0060 0.0063 0.0066 0.0061
zZn? 0.0084 0.0090 0.0087 0.0089
NH,*: Mg?: PO,* 1:1.64:1.64 1:2.47:2.50 1:2.98:2.95 1:2.19:2.21

Note. R;: Agitation by magnetic stirrer at 500 rpm without accumulating device; R,: Agitation by magnetic stirrer at 500 rpm with
accumulating device fixed to the reactor; R3 :Agitation by magnetic stirrer at 500 rpm with accumulating device rotating at 50 rpm; R4 :No

agitation by magnetic stirrer with accumulating device rotating at 50 rpm.

et al.* suggested that the mixing energy disrupts the
concentration  gradients in  boundary layers
surrounding the growing crystals and increases
crystal formation and growth. Therefore, the lowest
yield in R, could be a result of the slower rotation of
the device, which provides the only way for mixing
the struvite components NH,*, Mg?*,and PO, in the
reaction solution and the mixing energy is insufficient
to enhance the formation and growth of struvite
crystals. As a result, the struvite nucleation and the
total amount of precipitates were decreased. However,
the total amount of precipitates in each regime was
not proportional to the struvite accumulation rate on
the device in the respective regime, suggesting that
the conditions created in each operating regime have
a different trapping effect on the suspended struvite
crystals. This phenomenon is well supported by the
observations made in the absorbance experiment.
After the initial nucleation, there was no
accumulating device in R, for the formed crystals to
adhere to and consequently, the suspending struvite
particles contributed to a higher steady state
absorbance. In contrast, the device in R, and R;
provided accumulating surfaces for struvite deposit
and as a result the absorbance gradually declined.

However, in Rs; regime, both magnetic stirrer and
device rotated, depositing more struvite than in Ry,
and the latter was only magnetically agitated. In
regime R, the device rotated only at 50 rpm, which
might not have a opportunity for the formed struvite
particles to deposit on the device and consequently
demonstrated a moderate absorbance.

Based on the above observations, it can be
concluded that operating regime Rs is more suitable
to isolate the highest amount of almost pure struvite
from the reactor. Although the amount of separable
struvite was slightly lower in R, than in Rs, an overall
economic analysis should be done to select the most
appropriate operational regime in pilot or commercial
scale operation. An increment of the rotation speed or
a modification of the reactor in order to enhance
mixing is an cost effective option to improve the
struvite yield and the nutrient removal efficiency in
operating regime 4 (R4). However, these aspects
should be investigated before arriving at any
conclusions.

Furthermore, it is hypothesized that struvite
particles have a special affinity to the surface of the
device, as the purity of deposits is over 96% despite
the fact that there is an equal chance for organic



STRUCTIVE RECOVERY BY A STAINLESS STEEL DEVICE 209

matter and other impurities to deposit on the device.
CONCLUSION

e The maintenance of constant pH during the
struvite  precipitation  process enhances the
availability of struvite constituents and enables the
recovery of a maximum amount of struvite under a
given molar ratio.

e The operation regime, which governs the
mixing properties of the reactor, affects the amount of
struvite deposits on the device. The highest amount
of precipitates on the device could be obtained in a
reactor by rotating the device at 50 rpm together with
magnetic stirrer working at 500 rpm.

e The use of an accumulating device has proved
to be a promising way to recover Cu®** and Zn*" free
pure struvite although the influent wastewater
possesses these heavy metals.

e An increment of the rotation speed or a
modification of the reactor is a cost effective option
for further investigation to improve the struvite
recovery.

e Anpilot scale and long-term study accompanying
economic analysis would be appropriate to determine
the maximum SAR and an exact operating regime
that ensures the optimum and cost effective recovery
of struvite.
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