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Abstract. Waste salt or bittern is the residual liquid from the salt formation which cannot be
precipitated again but can be obtained from the washing water remaining in the purification process.
Bittern has high economic value of mineral salts such as MgCl;, MgS0,, KCl, and Br,. The element Mg in
bittern can be used as a mineral forming struvite because magnesium is one of the components
needed in the formation of struvite. Crystallization of the formation of struvite minerals occurs in
equimolecular concentrations of Mg 2*, NH** and P04~ in an alkaline state. The column reactor is
equipped with a bulkhead which functions as a stirrer inside the reactor and is assisted by incoming air.
Struvite solution (MAP) reacted can be formed from phosphoric acid, ammonium hydroxide, and
bittern or salt waste as a source of magnesium with a molar ratio of 2: 1: 1. The pH variations run in
the range of 7 to 11 and the reactor inlet air velocity between 0.25-1.25 L/min in a closed column
reactor that is operated continuously. The resulting dry sludge was analyzed by XRD method for
mineral characterization, SEM to determine the morphology of the crystals and XRF to determine the
composition of struvite mineral.
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1. Introduction

Bittern is a concentrated liquid produced from salt
pond waste or salt industry waste. Bittern are often
directly thrown into the water by salt farmers while
bittern is rich in magnesium and other components.
According to (Sato et al, 2010) bittern contains various
compounds such as magnesium sulfate (MgSO.),
sodium chloride (NaCl), magnesium chloride (MgCl,),
potassium chloride (KCl) and calcium chloride
(CaCl,).So far, bittern has been only used as a mixture
to get old water instantaneously by back mixing, the
term Madura salt farmer with a cengean method, but
this technique has proven to worsen the quality of the
salt product produced [8]. The magnesium contained
in bittern is one of components to form struvite
minerals which have many benefits, for example as
fertilizer in agriculture.

Struvite is a crystal formed from reactions with
the same molar concentration of magnesium,
ammonium, and phosphate combined with six water
molecules (MgNH4P0,4.6H;0). The molecular weight of
struvite is 245.43 gmol/ L, slightly soluble under
neutral and basic conditions but easily soluble in acids.
The solubility of struvite in the water is around 0.018
g/ 100 ml at 25°C. Struvite is considered a soft mineral
with low specific graffiti (1.7), not washed with
rainwater so that it can be used as fertilizer material in
flooded areas (Lee et al., 2009).Crystallization occurs
in equimolecular concentrations of Mg **, NH** and
PO43"in an alkaline state (base) based on the following
reaction: [4]

Mg2*+ NH**+ POs*> + 6H20 > MgNH4P04.6H,0 (1.1)

1.1.Struvite Crystallization

In general, the aggregation process is divided into
two phases, the transition phase when struvite
crystals evolve from nucleation and the stages of
crystal growth into aggregation. Then the second is
the steady phase where the aggregate size does not
increase significantly and fluctuate in a certain range
[10]. The development of struvite crystals are
influenced by some factors such as the initial crystal
state of the compound, the thermodynamics of the
liquid-solid equilibrium, the phenomenon of mass
transfer between the solid and liquid phase and the
reaction kinetic [7].
1.2. Factors that Influence Struvite Formation

include:
1.2.1. Effect of pH

Struvite formation is strongly influenced by pH
values. According to (Doyle, 2000) struvite formation
occurs between a pH range of 7 to 11 [5]. pH values
indicate two things in the formation of struvite,

namely the minimum solubility value and the value at
which struvite initially begins to form. High pH values
cause changes in ammonium to ammonia. The pH
value of the solution is also the most important
parameter in the struvite crystallization process. The
formation of struvite occurs if the lon Activity Product
(IAP) of Mg**is greater than the Solubility Product
(KSP). The IAP value is controlled by the pH of the
solution, increasing the pH will increase the IAP value
of the solution at the same concentration [3].

1.2.2. N: P: Mg Molar Ratio

Based on equation 1.1, the minimum molar ratio
of precipitation occurrence of struvite [Mg?*]: [NH*:
[PO4*] is 1: 1: 1. This means that the formation of
struvite theoretically stoichiometry requires a
minimum of [Mg®*]: [NH¥]: [POs*] is 1: 1: 1 [9].
Magnesium (Mg) is an important constituent ion for
the formation of crystalline struvites. Mg?*ions can
influence the saturation level of the solution and
increase the reaction process of struvite crystal
formation. At a certain pH, every increase in the molar
ratio of Mg: PO, reactants will increase the degree of
saturation to the formation of struvite and the
percentage of removal of PO,”in the solution
increases [3].

1.2.3. Aeration Level

Aeration aims to release a number of ammonium
dissolved or free from solution [2]. The air flow shakes
the solution and creates a release path for dissolved
ammonia to evaporate from the solution. In addition,
the air flow dilutes the NH4-N gas phase
concentration and increases the driving force to
dissolve NH4-N to separate the gas phase. So, there is
an increasing tendency for ammonia volatilization
with increasing air flow rate.

1.3. Struvite crystallization reactor

In this study a bulkhead reactor was used with a
continuous process. The principle of the bulkhead
reactor uses counter-current flow, which the incoming
feed from the top of the reactor and the air as a stirrer
from under the reactor. The reactor is planned with
the volume 498.75 ml, height 50 cm with outer
diameter 5 cm; 2.5 cm inner diameter. This reactor
has several parts. In the section above the reactor has
3 holes which for the entrance of MAP solution, NaOH
solution and overflow solution. At the bottom of
reactor there are also 3 holes for air inlet, to the
struvite solution storage tank and to the sediment
storage tank. This reactor is equipped with a bulkhead
which functions as a stirrer inside the reactor and is
assisted by entering air from the stabilizer tank which




is equipped with an air rate regulator which connected
by a hose and there is a compressor to fill the air
pressure in the stabilizer tank equipped with a
barometer.

2. Material and Method

The materials used in this study are NH,OH, H3PO.,
Bittern (obtained from PT. Garam (Persero)
Segoromadu Gresik), which contain Magnesium (Mg):
23470 mg/Lor 2,4%, Chloride (Cl): 18.2%, Phosphorus
(P): 0.05%, Sulfur (S): 0.3%, Potassium (K): 0.59%,
Sodium (Na): 4444961.68 mg/L or 44.449% and NaOH
for the alkali source.
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Fig. 1. Bulkhead Reactor

The crystallization process of struvite formation
was carried out in a vertical reactor (as shown above),
a bulkhead reactor with a continuous process. A
solution of bittern, NH40H, and H3PO4 with 1:1:2
molar ratio was prepared (A solution) as well as NaOH
as a controller of pH (B solution). Furthermore,
solutions A and B were filled from the top of the
reactor by adjusting the inlet of flow rate, after the
two solutions reach three quarters of the column
height, the air is inserted from below the column at a
certain speed. The process was run until the steady
state was achieved. With this reactions that occur in
the reactor is expected to form a struvite reaction to
be more perfect. After the process was completed, the
formed struvite precipitate was filtered and then dried
at room temperature for 48 hours. The dried struvite
was analyzed using XRF for the chemical elements of
the crystal,SEM for the morphology, while the phase
composition of the crystal was determined using the
XRD Rietveld method.

3. Results and Discussion

Table 1. XRF analysis results of the composition of
struvite mineral

Air Flow Rate (L/minutes)

Component %
0.25 05 0.75 1 125

7 Mg 76 81 98 9.2 89
8 Mg 7 84 101 95 93
9 Mg 82 99 13 107 116
10 Mg 10 105 119 115 113
11 Mg 115 119 127 126 122
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Fig. 2. Effect of air flow rate (L/min) on Mg content (%)
in various pH variations

In the graph above it can be explained that the
content of Mg for pH 7, 8, 9, 10, and 11 tends to
increase at the air rate of 0.75 L/min and has a
decrease to the air rate of 1.25 L/min. This is because
the air supplied will act as a mixer which makes the
solution in the reactor homogeneous. Where the
greater the rate of air flow, the reaction formation of
struvite crystals will be faster and the collisions
between particles will be even greater. The best
condition is the air rate of 0.75 L/min while the air rate
of 1 and 1.25 L/min decreases but it is not significant
because if the given air rate is too large then collisions
between particles occur very quickly so that the
mixing process becomes unfavorable and the reaction
of struvite formation becomes unstable. According to
the theory [1] it is said that the greater the stirring
speed, the induction time will decrease and nucleation




Counts:

will occur faster, whereas the too high stirring speed,
magnesium removal can decrease due to the stability
of struvite crystals which can decrease and cause
crystals to break. According to (Rahman, 2013) the air
rate is proportional to the formation of struvite
crystals around 0.73 L/min [7].
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Fig. 3. Effect of pH on Mg content (%) in various
variations in Air Rate (L/min)

The graphical form obtained at pH 7, 8, 10, and
11 is symmetrical in shape while at pH 9 with a rate of
0.75 L / min it experiences a high enough increase to
exceed pH 11 this is because pH 9 is the optimum pH
in the formation of struvite crystals . At pH 7 and 8 the
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formation of struvite minerals can be said to be not
optimal whereas at pH 10 and 11 the mineral content
of struvite has decreased due to the increasing
amount of impurities formed at high pH.

Fig. 4. Results of XRD analysis of struvite material at
pH 9 with an air rate of 0.75 L/min

From the results of the analysis it can be
explained that struvite material has been formed

which is evidenced by the existence of a graphic peak.
From the results of XRD analysis, it is known that the
content of struvite material produced from raw salt
(bittern) waste is not pure because the waste raw
material used has a fairly complex content that
triggers the formation of other minerals during the
process. The struvite content that is formed is 47%,
while impurities that are formed impurities in 32%
hazenite form and 21% sodium calcium magnesium
carbonate phosphate hydroxide
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Fig.5. SEM analysis results of struvite material at pH 9
with an air rate of 0.75 L / min

Based on existing theories according to [1] it is
said that pure struvite crystals have a rod shape with a
pointed tip, the surface is clean and without defects.
From this study, struvite crystals are found with rod
and pointed ends, but the surface is not smooth and
there are small lumps. The lump is an impurities
mineral formed during the precipitation process. The
impurity mineral from the XRD analysis results in the
form of hazenite and sodium calcium magnesium
carbonate phosphate hydroxide.

4. Conclusions

1. The optimal conditions of this study are at pH
9 and air rate 0.75 L/min where the
magnesium content in the struvite minerals
produced is 13 %.

2. The mineral content of struvite at pH above 9
has decreased due to the increasing amount
of impurities formed at high pH.

3. The mineral content of struvite when air flow
rate above 0.75 L/minis decreased because
the high flow rate makes the reaction of
struvite formation unstable.
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