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Struvite precipitation from wastewaters has gained importance as a means of nitrogen and pho-
sphorus treatment and recovery. While the aspects of process modeling and application have
been widely studied, little attention was paid to process kinetics. This study attempted to evalu-
ate the induction time of struvite precipitation for low ammonia concentrations and in the pres-
ence of ions commonly found in natural waters. Determination of induction time was based on
absorbance measurements while conductivity and pH of the solutions were also monitored dur-
ing the process. Results of the experimental study indicate that the presence of foreign ions is
important in determining the induction time along with the degree of supersaturation. The pres-
ence of over 50 x 107> mol dm™ sodium ions retarded induction time significantly. Calcium
ions at 2.5 x 10~* mol dm= concentration caused no marked change in the induction time.
While carbonate ions had a slight effect, sulfate ions increased the induction time. Crystal mor-
phology was also observed to be affected by supersaturation and the presence of foreign ions.

which struvite precipitation performance has been inves-
tigated in detail.>~!! Theoretical studies searching for the

Struvite precipitation has been long studied for a variety
of purposes, from biochemistry to waste treatment. Re-
cently, struvite precipitation has been in the focus of
studies concerning nutrient recovery from domestic and
industrial wastewaters.!> A wide array of wastewaters
containing nitrogen or phosphorous has been the subject
of struvite precipitation as a means of treatment and re-
covery. Fertilizer industries, slaughterhouse wastes, tan-
neries, leachate as well as domestic wastewater sludge
supernatants and human urine are among the areas for

actual values of thermodynamic constants as well as
evaluation of reaction conditions influencing the system
performance have been carried out.'>-'4 While a sub-
stantial number of studies have been conducted for the
thermodynamic aspects of the system, i.e., equilibrium
modeling, relatively little work has been devoted to ki-
netics of struvite precipitation.

The kinetics of the system, on the other hand, seems
to be rather complex and affected by several parameters.
Crystallization kinetics can be evaluated as a two-step
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process: nucleation and growth. Nucleation is the con-
trolling process for induction time. Induction time is de-
fined as the duration between the achievement of
supersaturation and appearance of crystals. The appear-
ance of crystals may not necessarily be determined visu-
ally. Several different measures have been used for the
determination of induction time. Conductivity measure-
ment is a common application where the crystallization
process does not change the solution characteristics
other than the removal of precipitating ions. Observation
of light scintillations,!> monitoring pH, !¢ and absorbance
measurements!” are the other methods employed. Gunn
and Murthy!> studied the concentration dependence of
induction time of struvite by light scintillations and
found the relation:

At = C, [{(c(Mg2*)/mol dm3)(c(NH,*)/mol dm-)
(c(PO,2-)/mol dm-3)}1/3]2 (1)

where Af; is induction time and C; is a constant. They
obtained saturated solution by mixing ammonium hydro-
gen phosphate, magnesium sulfate and ammonium hydro-
xide solutions. Ohlinger et al.' used the light scintilla-
tion method to determine the induction time of struvite
precipitation. Magnesium sulfate and ammonium dihy-
drogen phosphate solutions were used for precipitation.
A linear relation between [log S,]-2 and the logarithm of
t was found. S, is defined in Eq. (2), where a indicates
ion activities and K, is the solubility product.

S, :£[a(Mg2*) a(II:HZ) a(PO; )]mnml}m @)

so,struvite

Induction time was found to be influenced by S, and, to
a lesser degree, by the mixing energy. Abbona et al.!
experimentally studied newberyite and struvite precipi-
tation using ammonium dihydrogen phosphate, ammo-
nia and magnesium sulfate solutions. They concluded
that struvite does not nucleate in less than 200 hours for
a supersaturation ratio (f3) value lower than 1.3. In their
study, 3 was obtained using Eq. (3).

_aMg”) a(NH,) a(HPO} )

B, 3)

s0,struvite

Bouropoulos and Koutsoukos'® determined the induc-
tion time of struvite precipitation using ammonium dihy-
drogen phosphate and magnesium chloride solutions and
employing the pH change as an indicator in supersatu-
ration conditions. A wide range of induction times be-
tween 6—125 minutes was obtained for the supersatura-
tion ratio of 2 = 3.33 to 1.13. In this study, €2 was ob-
tained using Eq. (4).
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Growth kinetics was found as a second-order depen-
dence on solution supersaturation, implying a surface con-
trolled mechanism. The charge of the precipitated crystals
was found to be dependent on magnesium concentration.
Isoelectric point was found at pMg = 1.75, above which
the electrokinetic charge of the particle was negative. At
higher magnesium concentrations, a charge reversal
occurred and the particles acquired positive charge.
Koutsoukos et al.!® studied the effect of foreign ions on
struvite precipitation at pH 8.5 and at constant supersa-
turation. They found that calcium ions retarded the rate
of precipitation while malonic acid had no significant
effect on the rate of precipitation. Nelson et al.?0 studied
struvite precipitation kinetics on anaerobic swine lagoon
effluent and reported that struvite constituents reached
the steady state 35, 45 and 60 minutes after pH
adjustment to 9.0, 8.7 and 8.4, respectively. They found
that the precipitation rate obeyed first-order kinetics and
the rate constant was increasing with increasing pH. The
value of the constant was found to be 3.7 h~! at pH 8.4.
A lag phase of approximately 20 min was observed in
struvite formation. Ohlinger et al.?! found that struvite
precipitation of a sludge lagoon supernatant in a fluidiz-
ed bed reactor was a pseudo-first order process with the
rate constant 4.2 h™! at pH 8.3. Kofina and Koutsoukos??
found that the morphology of solids was affected by the
solution pH. The crystals had needle-like shape at pH
8.5 while orthorhombic crystals formed at pH 9.0. Ivacic
et al.? constructed precipitation diagrams and obtained
dissolution kinetics of different struvite morphologies.
They found that the sorption of integrating ions was the
rate determining mechanism.

The above studies indicate the importance of crys-
tallization kinetics and particularly the role of induction
time, which may become the limiting step for struvite
precipitation. The pH, mixing energy, supersaturation
and the presence of foreign ions are the important fac-
tors affecting induction time. The effect of some foreign
ions has been claimed to proceed through adsorption onto
the surface of crystals and inhibition and/or retardation
of the crystal growth.

This study aims to investigate the effect of foreign
ions on the induction period of struvite precipitation.
Precipitation was set up so as to simulate the actual pro-
cess. Precipitation pH values were selected to reflect the
pH range of struvite precipitation while providing mean-
ingful levels of supersaturation. A low initial ammonia
concentration was used to differentiate and compare the
system responses to different compositions. Foreign ions
used in our study were the common constituents of natu-
ral waters as well as wastewaters.
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EXPERIMENTAL

Materials and Methods

All experiments were conducted in a cylindrical glass reactor
(height 14 cm, diameter 20 cm, effective volume 1500 mL).
The system was set up in a temperature controlled room
(23+0.1 °C). Deionized water (conductivity 0.055 uS cm™)
was provided from a Sartorius Arium 611 model. It was boil-
ed to purge CO, and obtain CO,-free water immediately af-
ter being produced and was stored in an airtight bottle for
one day before use. MgCl, - 6H,0, MgO and NH4H,PO,
were used for preparation of stock solutions. MgO was dis-
solved using 1+1 HCI to make up its stock solution when
slightly higher chloride concentrations were needed (Runs
II and IV). These stock solutions were subjected to vacuum
filtration using Millipore membrane filters with a pore size
of 0.22 pm. Standardizations of magnesium, phosphate and
ammonia stock solutions were done by the EDTA Titrimetric
Method, Molybdate/Stannous Chloride Method and Ammo-
nia Titrimetric Method, respectively.2 Magnesium and am-
monia dihydrogen phosphate stock solutions were separately
diluted to a final concentration of 2.45 x 10~ mol dm™ af-
ter mixing. Initial ammonia concentration was selected in
such a way as to represent a typical ammonia concentration
of domestic wastewater while providing a reasonable super-
saturation at pH 8.5 and 9.0. It also had a magnesium con-
centration of pC = 2.61, which ensures the presence of neg-
atively charged particles of struvite, thus providing an ade-
quate background for the evaluation of electrostatic effects
exerted by cations in precipitating solutions.!® The pH was
adjusted in equal volumes (750 mL) of diluted solutions prior
to their combination. NaOH solution was used for pH ad-

TABLE 1. System Definitions
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justments. Additions of calcium, sulfate, carbonate and chlo-
ride were made using CaCl, - 2H,0, Na,SO,, NaHCO; and
NaCl in solid forms, respectively. All chemicals were ad-
ded into magnesium solutions except for NaHCO;. NaHCO;5
was added into the ammonia solution to obtain the corre-
sponding pH values. After chemicals addition, the diluted
solutions were re-filtered through membrane filters. Diluted
solutions were combined and simultaneously rapidly mixed
at 500 rpm for 5 seconds, and then the mixing speed was
kept constant at 300 rpm in all experiments. A Heidolph MR
3001 model (625 W and 10-1250 rpm) magnetic stirrer was
used for stirring. Absorbance was measured on a UV-visi-
ble spectrophotometer (Perkin Elmer Lambda 25) at 350 nm
light wavelength according to Barrett and Parsons.?> Absor-
bance readings were converted to optical density using the
I-cm light path since this may provide a physically more
accurate expression where absorbance measurements are
made in the presence of particulate matter. Samples were
withdrawn using a cut-tip automatic pipette. The pH and
conductivity measurement were made with Orion 920 model
pHmeter and WTW InoLLAb Cond Level 2 model conductiv-
ity meters, respectively. Absorbance, pH and conductivity
measurements were commenced immediately after combi-
nation and continued throughout the mixing of solutions for
80 minutes at 1 minute intervals. After precipitation experi-
ments, solutions together with the solid phase were kept for
10 days to ensure equilibrium conditions and were then fil-
tered through membrane filters for measurements. Solid
phase micro pictures were taken by Bright Field Microscopy
using an Olympus BX 50 camera. All chemicals used were
of analytical grade (Merck®). Magnesium, phosphate, am-
monia, sulfate and chloride were determined by the EDTA

RUN Initial Na* Crr SO CO;2%- Ca?* Q Induction
pH 103 x mol dm™3 time
I 8.438 48 5.02 - - - 5.00 7517
I 8.523 6.6 5.16 - - - 5.76 8 227
11K 8.555 5.2 5.02 - - - 6.27 2’ 447
v 8.551 55.4 55 - - - 3.89 22
A 8.489 155.5 155 - - - 2.35 N.O.
\Y 8.958 5.8 5.02 - - - 12.49 507
VI 8.974 7.1 5.16 - - - 12.53 1" 26"
VII 9.165 57.4 55 - - - 10.23 1’ 48>
VIII 8.997 157 155 - - - 5.64 42’
IX 9.196 56 5.02 25 - - 9.37 4 257
B 8.996 155.6 5.02 75 - - 4.97 N.O.
X 9.228 156 5.02 75 - - 6.69 46’
XI 9.185 56.4 30.02 12.5 - - 9.82 1’ 59”7
XII 8.521 45 5.02 - 2 - 5.93 323
XIII 9.025 6.0 5.02 - 5 - 13.64 1’ 407
X1V 8.547 5.13 5.52 - - 0.25 6.10 3" 30”
XV 8.565 5.14 6.02 - - 0.5 6.25 577

N.O.: not observed
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Titrimetric Method, Molybdate/Stannous Chloride Method,
Ammonia Titrimetric Method, Gravimetric Method with
Residue Drying, Mercuric Nitrate Method, respectively. All
analyses were performed as defined in Standard Methods.?*

RESULTS AND DISCUSSION

Determination of Induction Time

Experimental conditions are defined in Table I. Conduc-
tivity changes are given in Figures 1 to 3. Only the exper-
iments with the lowest foreign ion concentration are
shown in Figure 1. Experimental results are shown in Fig-
ures 2 and 3 for pH 8.5 and pH 9 experiments, respec-
tively. Conductivities were either slightly reduced or re-
mained practically constant during and at the beginning
of induction time. Variation of conductivity between the
induction time and the end of the experiment was mostly
in the form of a decline, though in some cases, particu-
larly for high ionic strengths, it remained virtually con-
stant (e.g., Run IV (6.43 mS ¢cm™'), Run VIII (16.39 mS
cm!) and Run X (13.63 mS cm™)). The cases of constant
conductivity were associated with a slight change in pH
(Run VIII and X exhibited pH reductions of 0.034 and
0.056 units, respectively). However, there are cases where
significant pH changes occurred at constant or slightly
changing conductivities. Examples of these are: Run II
(25 uS cm™! conductivity change versus 0.367 unit pH
change) Run IV (10 uS cm! conductivity change versus
0.246 unit pH change). Conductivity monitoring did not
prove to be an adequate means of induction time determi-
nation since it is not a system with a straightforward con-
ductivity reduction as the precipitating ions leave the so-
lution. Struvite precipitation gives rise to the release of
hydrogen ions, which have high molar conductivity and
also affect the composition of complex species.

pH variations during the experiments are given for
pH 8.5 and pH 9 in Figures 4 and 5, respectively. The pH
variation from the start of the experiment to the induction
time ranged widely in our cases. In Run VIII, pH re-

ARunl (pH) ORunll (pH) 1040
89 [* ARun Il (pH) ERunV (pH)
e @ Run VI (pH) ®Runl (conductivity)

ORunll (conductivity)
O Run V ( conductivity)

9
8.7 1000

X Run [T (conductivity) 1020
X Run VI (conductivity)

pH
3
o

-wo gr/Kranonpuo))

Time/min

Figure 1. pH and conductivity changes during the experiments with
a minimum of foreign ions.
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Figure 2. Conductivity changes for pH 8.5 experiments.
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Figure 3. Conductivity changes for pH 9.0 experiments (Runs V,
VI, and XlIl in uS cm=" units; Runs VII, VIIII, IX, and X in mS cm~!
units).
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Figure 4. pH changes for pH 8.5 experiments.

mained unchanged until the induction period. The pH
change in Runs IX, XI and XII varied between 0.008 and
0.012. However, there were pH variations as high as
0.073 (Runs VI, II and XIV). As noted above, the com-
plexity of the system prevents assessment of the induction
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Figure 5. pH changes for pH 9.0 experiments.

time by chemical means in a straightforward way. The
system is basically a complex mixture of a weak acid and
base. Precipitation reaction does not only affect the sys-
tem composition through abstraction of ions and release
of hydrogen ion but also modifies the buffer capacity of
the system and ionic strength of the solution. While the
buffer capacity change has a strong effect on the change
of pH, ionic strength may exert a significant effect on the
solubility. The change in ionic strength through precipita-
tion, however, may be quite low for some cases, e.g., high
ionic strength due to foreign ions. The use of pH incre-
ment of 0.005 units as an indication of induction time for
struvite precipitation by Bouropoulos and Koutsoukos'®
may be taken to imply initiation of the precipitation re-
action rather than the operational definition of induction
time.

Monitoring of the optical density proved to be a reli-
able means for determination of the induction time of
struvite precipitation in our study. In all the experiments,
the first significant increase in optical density that was
recognized as the end of the induction period was imme-
diately followed by turbidity observable by the naked eye.
Changes in optical density following the induction time
were gradual and reached stable values after 15-80 min-
utes in all systems. Optical density recordings for the ex-
periments are depicted in Figures 6, 7 and 8. Figure 6
presents the results for a minimum of foreign ions, i.e.,
originating from the addition of precipitation reagents and
pH adjustment. Figures 7 and 8 show the results of stru-
vite precipitation conducted at pH 8.5 and 9, respectively.

Effect of Foreign Ions on Induction Time

Experimental results are outlined in Table I with the
induction times based on optical density measurements.
Q) values tabulated in the table were obtained using Eq.
(3). Ion activities in this equation were calculated using a
model proposed by Kabdagli er al.,'” which is given in
Appendix A.
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The first two experiments described in Table I (Runs
I and II) were designed to evaluate the effect of sodium
concentration on the induction time. In these experiments,
chloride concentrations were kept at the same level but
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Figure 6. Optical density changes during the experiments with a
minimum of foreign ions.

035 > P
<><><7°<>°<><><>‘> °
S00a8%0 Q06000
03 B
0%
00
T Q LA
0.25 AAAAAA
g
5 xSttt K@
z N *’W?’&W S Ssasicsasess
£ 02 © S o 2
3 N
= 9&% ‘
g m a
g— 0.15 @@A mw@%w%ﬁ dj]D wmm
)
SDjﬂE .. ..“‘w
wf s 2 o
@ e o0
P ‘.“o
.
® Run ARn 0O Run * Run
0.05 IR Runl ARnll oRunll eRunlIV
o XRun XII o Run XIVO Run XV
W K
@@A
20 30 40 50 60 70 80

Time/min

Figure 7. Optical density changes for pH 8.5 experiments.
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Figure 8. Optical density changes for pH 9 experiments.

Croat. Chem. Acta 79 (2) 243-251 (2006)



248

sodium concentration was changed by about 35%. The
initial pH was tried to be kept constant. However, this re-
quired pH adjustment following the addition of solutions
and this was avoided for the systems having short induc-
tion time. The increase in sodium concentration in Run
IT caused a slight increase in the induction time despite
the increase in supersaturation, which was expected to
shorten the induction time. This may be attributed to ac-
cumulation of positively charged sodium ions around
negatively charged molecule groups of struvite. If the
pH of this experiment were at the same level with that of
Run [, this effect could be more pronounced, because as
indicated by Run III a further but slight increase in the
pH increased the supersaturation and resulted in a sig-
nificant reduction of induction time. In Run IV, the level
of sodium ions was increased more than tenfold by ad-
ding 50 x 103 mol dm=3 sodium, while the pH level of
Runs II and IIT was maintained. The results indicate a re-
duction in the magnitude of induction time. This reduc-
tion was due to the combined effect of decreasing super-
saturation and increasing sodium concentration. Run A
was deliberately conducted at a slightly lower pH and at
a much higher sodium concentration while the level of
supersaturation was close to that of Run IV. The result of
this experiment indicates a rather stable supersaturated
system where crystallization was hindered.

Higher degrees of supersaturation were provided by
the elevation of pH to 9.0, which is the most commonly
applied pH value in the struvite precipitation practice.
Runs V and VI were replications of Runs I and II at pH
9.0 and their results exhibited a strong parallelism in terms
of the level of supersaturation and the difference between
sodium concentrations, except for the magnitude of in-
duction time, which was considerably shorter at pH 9.0
due to the increasing driving force. Increase in the induc-
tion time by addition of 50 x 10~ mol dm= sodium, how-
ever, was much lower with respect to lower pH, as in-
dicated by the results of Run VII. But, this difference
would have been relatively greater if the supersaturation
of Run VII could have been kept at the level of Runs V
and VI. However, the result of Run VIII, although it had
lower supersaturation than Runs V and VI, strengthened
the conclusion about the role of sodium ions in induction
time. Realization of precipitation, as compared to Run A,
was due to a significant difference in supersaturation be-
tween Runs A and VII. The required induction time at
this sodium level seemed to be at the limit of practical
applicability. This sodium concentration can be encoun-
tered in some wastewaters, such as of leather tanning or
landfill leachate, which are the potential areas for the
application of struvite precipitation.

Further experiments were conducted by replacing the
chloride with sulfate. Comparison with Runs VII and IX,
where both pH and sodium concentration were close to
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one another and supersaturations were comparable, show-
ed that the existence of sulfate increased the induction
time. This effect was confirmed by the result of Run XI
where the induction time was reduced close to that of
the sodium chloride matrix as the sulfate level decreas-
ed. Increasing the sodium level along with sulfate resulted
in a stable solution (Run B) in spite of higher supersatu-
ration (cf. Run A). This effect could be compensated by
increasing the pH to 9.228 and supersaturation to 6.69 (a
comparable value with that of Run VIII) in Run X while
the induction time was still too high.

The effect of carbonate ions on struvite precipitation
was studied by Run XII. Comparison of the result of
Run XII with Run I may show that the reduction in in-
duction time can be attributed to higher supersaturation
and reduced sodium concentration. On the other hand,
Runs XII and III had the same level of supersaturation
and induction times were of the same magnitude for
both cases. Run XIII was aimed to observe the effect of
carbonate ions at pH 9.0 and a high supersaturation ra-
tio. Comparison of the results of Runs V and XIII where
the precipitation conditions were similar, justified the re-
sult of the experiment conducted at pH 8.5, though the
carbonate concentration increased to 5 x 10-3 mol dm=3
at pH 9.0, yielding a high supersaturation ratio. These
results indicate that the effect of carbonate could be as-
sumed to be marginal.

Runs XIV and XV were conducted to show the ef-
fect of the presence of calcium ions. Reaction conditions
of Runs XV and III were quite similar, providing a suit-
able case for comparison. Calcium, being a cation with
two positive charges, was expected to decelerate induc-
tion time. This effect was demonstrated by Koutsoukos
et al."? for very low calcium concentrations of 0.5 and 1
mg L-!. But this effect seemed to be very slight when
Runs III and XIV were compared. In Run XV, the pic-
ture was different and increasing the calcium concentra-
tion reduced the induction time while supersaturation ra-
tios of Runs XV and III were almost the same.

Crystal Morphology

The micro-pictures of crystals obtained in the experi-
ments are shown in Figure 9. The first three pictures
(Runs II, IIT and IV) showed similar crystal shapes and
dimensions. At pH 9 and at low and medium sodium
concentrations (Runs V and VII), the crystals were just a
little larger than those of Runs II and IV. At a high so-
dium concentration, the crystal width became longer
(Run VIII). Run IX exhibited again needle-like crystals.
The crystals of Run X were slightly larger than those of
Run IX. Crystal shapes and dimensions of Runs XII and
XIII were similar. The crystals of Runs XIV and XV,
whose solution contains calcium, were larger than other
crystals.
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Figure 9. Morphology of struvite crystals obtained in experiments (magnification: x400).

CONCLUSIONS

In this paper, the induction time of struvite precipitation
was experimentally studied for a low ammonia concen-
tration. Effect of common ions on induction time was
determined for the concentration range encountered in
surface waters. Optical density monitoring proved to be
a sensitive method of induction time determination. In-
duction time varied in a wide range, depending on the
solution composition. Although supersaturation had a
considerable effect on induction time, the existence of
some ions seemed dominant and became the determining
factor for the length of induction time. The existence of
sodium ions over 50 x 1073 mol dm= extended the in-
duction time. The effect of calcium was found to be
more complex but not drastic at a low concentration of
2.5 x 10~* mol dm™3. Sulfate ions caused increased in-

duction times. The presence of carbonate-bicarbonate
ions had a slight effect on the induction time. Crystal
morphology and dimensions were affected by supersatu-
ration and the presence of foreign ions.

Appendix A

A theoretical model'” has been developed in order to
calculate the activities of species being formed in the
MgCl,-NH, H,PO,4-NaOH-H,O system. This model ta-
kes into account the chemical equilibrium equations gi-
ven in Table Al except for the struvite formation reac-
tion, which was used to calculate Q2. The following mass
balance equations for all species and the electroneutra-
lity condition together with all chemical equilibrium equa-
tions (A1-A9) were used in the model.

Croat. Chem. Acta 79 (2) 243-251 (2006)
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TABLE Al. The species taken into account by the theoretical model

log K
(Al) H +PO] < HPO; 12.37@
(A2) H +HPO] <> H,PO; 7.20@
(A3) H+H,PO; <> H,PO, 2.15@
(A4) Mg™ +PO. < MgPO, 4.80@
(A5) Mg™ + HPO; <> MgHPO{ 2.80®@
(A6) Mg+ H,PO; <> MgH,PO; 0.45@
(A7) Mg" + OH <> MgOH" 2.60®
(A8) H'+ NH, <> NH} 9.24@

(A9) H +OH <« H,0 14@

(A10) H' + HCO; <> H,CO; 6.33@
(All) H + CO; < HCO; 10.33®
(A12) NH;+ Mg™+ PO} <> MgNH,PO,-6H,0(s)  13.26®

@ Refs. 26,27.
®) Ref. 14.

Mass balance for ammonia species (all species are
in mol dm units in the equation);
c(N

) = ¢(NH,;) + ¢(NH7) (A13)

tot

Mass balance of magnesium species (all species are
in mol dm™ units in the equation);

cMg,,) = c(Mg?) + ¢(MgH,PO?) + ¢(MgHPO}) +
c¢(MgPO;) + ¢(MgOH") (A14)

Mass balance of phosphate species (all species are
in mol dm~3 units in the equation);

c(P,) = c(H;PO,) + c(H,PO;) + ¢(HPO; ) + c(PO}) +
cMgH,PO}) + ¢c(MgHPO}) + c(MgPO,) (Al5)

Mass balance of sodium (all species are in mol dm
units in the equation);

c(Na,) = c(Na*) (A16)

Mass balance of chloride (all species are in mol dm
units in the equation);

c(Cl,) = ¢(CI) (A17)

Electroneutrality condition (all species are in mol
dm units in the equation);

c(H*) + ¢(NH') + 2 x c(Mg?*) + ¢(MgH,PO") +
¢(MgOH*) + ¢(Na*) = ¢(OH") + ¢(CI) + ¢(H,PO;) +
2 x ¢c(HPO>") + 3 x c(POY) + ¢(MgPO;) (A18)

There are 15 species and Equations A1-A9 and
A13-A20 were used for the theoretical solution for the
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MgCl,-NH, H,PO,4-NaOH-H,O system. For addition of
sulfate, only the SOZ’ species, for addition of carbonate
the H,CO’,, HCO; and CO’ species and for addition
of calcium the Ca** species were added to the system.
For carbonate addition, equilibrium equations A10 and
A1l were used. Equation A18 was modified accordingly
for all systems and related mass balance equations were
incorporated into the model. Ionic strength was also
taken as a variable, defined as:
1=05xZc¢(z) (A19)
A commercial spreadsheet was used to solve the the-
oretical model based on iterative calculation for a given
pH. All dissociation and stability constants used were
chosen for 25 °C and zero corrected ionic strength. Ionic
strength correction was made by using the modified
form of DeBye-Hiickel equation proposed by Davies:

log 7,=
B ZK (I/ mol dm™)"2

-3
~Az} T+ ¢/ moldm™)” ]—O.?al/moldm } (A20)

where [ is ionic strength, z, is the charge of ionic spe-
cies, v, is the species activity coefficient and A is the
DeBye-Hiickel constant, which is a function of the tem-
perature and dielectric constant of the solution (0.509 at
25 °C).
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SAZETAK

Djelovanje glavnih iona na indukcijsko vrijeme taloZenja struvita

Isik Kabdasli, Simon A. Parsons i Olcay Tiinay

TaloZenje struvita iz otpadnih voda od znacajne je vaznosti zbog moguénosti istodobnog uklanjanja dusika
i fosfora. Pri tome je u objavljenim istraZivanjima preteZiti naglasak na modeliranju procesa i njegovoj
primjeni, dok je vaznost kinetike djelomi¢no zanemarivana. U ovom je radu izuc¢avano indukcijsko vrijeme
taloZenja struvita iz vodenih otopina koje su sadrzavale niske koncentracije amonijaka, te ione koji se
uobicajeno nalaze u prirodnim vodama. Indukcijsko je vrijeme odredivano mjerenjem opti¢ke propusnosti
otopina, pri ¢emu je takoder kontinuirano mjerena njena provodljivost i pH. Dobiveni rezultati ukazuju na
znacaj ovisnosti indukcijskog vremena kako o prisutnim stranim ionima tako i o stupnju zasi¢enosti otopine.
Utvrdeno je da dodatak natrijevih iona u koncentracijama vigim od 50 - 1073 mol dm= znatno produljuje
indukcijsko vrijeme, dok kalcijevi ioni pri koncentraciji od 2,5 - 10~% mol dm™ ne uzrokuju znacajne promjene.
Ucinak karbonatnih iona na indukcijsko vrijeme taloZenja struvita je malen, dok ga sulfatni ioni produljuju.
Takoder je utvrdeno da morfologija kristala struvita ovisi o prezasi¢enosti otopine i o prisutnosti stranih iona.
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