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Abstract: At present, the crystallization method has become a hotspot in the field of wastewater
treatment. The crystallization method not only remove phosphorus effectively in wastewater, but the
phosphorus also can be recycled. The crystallization method includes ammonium magnesium
phosphate crystallization method, calcium hydroxy calcium phosphate crystallization method,
vivianite crystallization method and so on. The study introduced the principle of phosphorus removal
and the influencing factors of the three crystallization methods, and discussed the effects of pH, ion
concentration and stirring conditions on the crystallization. pH has the greatest influence on
crystallization among of them. The best pH of thevivianite crystallizationisbetween 7and 9, anditis
easier to form crystalsin the general wastewater than MAP and HAP. In acertain concentration range,
the phosphorusremoval rateincreased with the increase of ion concentration. In the case of air stirring
or cyclical stirring, crystallization can be instantly formed, effectively increasing the crystallization
rate. Finally, the application prospect of crystallization method in the treatment of phosphorus
wastewater is prospected, which provides technical and theoretical support for the remova and
recovery of phosphorus in wastewater.

Introduction

With the development of economy, peopl€e's living standards continue improving, the demand for
phosphorus is aso increasing. In nature, phosphorus is mainly present in the form of
organophosphorus compounds and phosphates. On the one hand, Phosphorus resources are depleted
because the existing reserves of phosphorus are only enough for 100 years for human; on the other
hand, people use a lot of phosphorus-containing substances (fertilizer, laundry liquid, etc.), and
eventually discharged into the water, resulting in water eutrophication and destruction™ 3. Therefore,
the removal and recycling of phosphorus should arouse our attention.

Sewage isrich in phosphorus which are mainly organic phosphorus, phosphate and its compounds.
At present, the treatment of phosphorus in wastewater mainly bio-method, chemical method,
crystallization method. At present, the treatments of phosphorus in wastewater are mainly biological
methods, chemical methods, crystallization methods. Biologica methods is more energy-efficient
and low-cost, but phosphorusis difficult to recycle, and the treated sludge islikely to cause secondary
pollution; Chemical method mainly includes iron salt and aluminum salt precipitation method,
calcium phosphate precipitation method, chemical phosphorus removal can effectively remove
phosphorus and more thorough, but the cost is higher and adding alarge number of chemical agentsis
needed. The chemical sludge produced is enormous and the composition is more complex to recycle,
which leads to fail to achieve the purpose of phosphorus resource recovery. Crystallization methods
include ammonium magnesium phosphate (MAP) crystallization, calcium hydroxyphosphate (HAP)
crystallization, vivianite crystallization method,can not only effectively remove phosphorus, but also
recycle. This paper summarizes the principles and main influencing factors of three kinds of
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crystallization methods and its application and prospect in engineering. It aims to provide reference
for improving the efficiency of phosphorus recovery and utilization.

Principle of crystallization and phosphorus removal

MAP crystallization method

MAP commonly known as struvite, can directly act as phosphate fertilizer, used in crops. MAP is
white powder oblique rectangular crystal, molecular weight of 245.41, dightly soluble in water,
solublein dilute acid, insoluble in alkaline solution. The magnesium ammonium phosphate produced
reaction in waste water as follows:

NH*"+H,PO, +Mg* +6H,0=M gNH PO, 6H,0+2H". )
NH, +HPO,>+Mg* +6H,0=MgNH PO, 6H,0+H". @)
NH*+PO,>+Mg?*+6H,0=MgNH4PO,6H.0. €)

Magnesium phosphate crystallization reaction is divided into two processes. Firstly, the formation
of nucle (induction period); secondly, the stability of crystal (stable). Under certain conditions, the
spontaneous formation of homogeneous nucleation finished and the nucleus will spontaneously grow
to the sol ution bal ance when the sol ution reaches the supersaturationt!™). In the wastewater treatment,
it is necessary to meet the higher phosphorus removal rate and improve the reaction rate. Generaly
joining the seed or change the external conditionsis needed in order to form heterogeneous nucleation
and induce crystallization.

MAP crystallization is avery complex reaction process. Control the crystallization conditions and
it will improve the removal rate of phosphorus in sewage and get a better crystalline crystal products
and more favorable sewage phosphorus and phosphorus recovery.

It was found that the main factors affecting the crystallization of MAP were: solution
supersaturation, solution pH, reaction time, molar ratio of crystallization ions, stirring speed,
coexisting ions and substance concentration!®.

HAP crystallization method

The principle of HAP crystallization method recycling phosphorus is that using the PO,®*, Ca*
and OH" reactionin the sewage to produce calcium hydroxy phosphate. Through the phosphorus
removal agent, so asto achieve the purpose of phosphorus recovery. The reaction is asfollows:

10Ca* +6P0,>* +20H —Cayo(PO4)°(OH),} )

As when the seed crystal containing calcium hydroxyphosphate is added to the unsaturated
solution, the supersaturated solution calcium phosphate precipitation process of the induction period,
the nucleation period and the amorphous phase of the precipitation phase will be eliminated, and thus
come into the stable crystal crystal growth period directly.

Vivianite crystal

The chemical composition of vivianite is Fe; (PO4) 2 (H20) g,which is an agueous iron phosphate
mineras, white blue crystals, soluble in strong acid, and insoluble in water and ethanol. It is aso the
raw materials of LiFePO,. Laboratory commonly used FeSO, -7H,O, NaHPO, -12H,0 and
CH3COONa - 3H,0 asraw materialsto prepare. If thevivianiteisexposed to air, it is easy to oxidize.
Morrie and Itol”? studied the crystal structure of the vivianite,and found that ferrousions occupy two
different octahedral crystal, one isisolated octahedron, the other is a common double octahedron.

In the sewage treatment system, the phenomenon of vivianite precipitation has always existed
(especialy in the use of iron salt to control ammonia Concentration) and is known to the people. This
has been treated as a negative problem in the past, such as handling system clogging and sludge
dewatering difficulties. The study on the removal and recycle of phosphorusfrom sewage or sludgein
the use and strengthening of vivianite crystals has become a hot spot in recent years.Robertson et al.
reduced the Fe (I1I) to Fe (II) by dissolving and reducing the solid phase iron ore using the method of
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filling the iron-rich soil filter column, and precipitated with Fe (I11) and Fe (II) and PO, To remove
the phosphorus in the liquid phase system of septic tank.

In 2008, Cheng Xiang[S] proposed sewage treatment system based on vivianite crystallization of
sewage/s udge phosphorus recycle of new technologies: unit plustrivalent iron in the phosphorus-rich
sludge anaerobic digestion through the sludge anaerobic release of phosphorus, sludge crack
interpretation Phosphorus, trivalent iron anaerobic bio-reduction and vivianite crystallization process
and will achieve efficient recycle of sewage phosphorus resources and improvement of efficiency of
sewage treatment and reduce the production of sludge.

Factors affecting the removal of phosphorus

The study of crystallization conditionsisto explore the conditions and parameters to accelerate the
rate of nucleation and to promote crystal growth in order to improve the efficiency of phosphorus
removal and recovery and reduce the reactor volume. The conditions and influencing factors of crystal
formation are pH, the molar concentration and ratio of theions, the reaction time and so on'®,

Effect of pH on Crystallization

PH has agreat effect on the solubility of MAP and HAP, and the solubility of both decreases with
theincrease of pH. Thelowest solubility of MAP occursat pH = 10.3, and after thisvalueis exceeded,
the solubility increases. In actual operation, the pH does not exceed thisvalue. It is generally believed
that the pH ismorethan 8.0 and the MAP crystalswill be produced, but the efficiency depends on the
amount of magnesium ions and pH, the efficiency increases with increasing pH; the best PH of
vivianite crystallization is between 7 to 9% it iseasier to form than the crystallization of MAP.
Effect of ion concentration on crystallization

In the case of metastable sewage, such as sludge anaerobic digestion supernatant, sludge
dewatering filtrate and aquaculture wastewater, the concentration of ammoniain water is high, which
isanon-limiting factor of crystallization, while the concentration of magnesium ion isrelatively low,
and will limit the crystallization reaction. For the crystallization of MAP, the removal of NH, ¥, Mg?*
and PO;*"is 1: 1: 1 in stoichiometric relationship. However, NH, * and Mg?* need to be surplus in
order to achieve higher phosphorus removal efficiency. Therefore, the molar ratio of Mg to P has a
decisive effect on the efficiency of phosphorus removal. The results showed that when the ammonia
concentration increased from 100 mg / L to 500 mg / L, the removal rate of P increased with the
increase of ammonia concentration, and the purity of MAP increased with the increase of ammonia
concentration.

Effect of agitation on crystallization

It was found in the experiment that the stirring condition had a significant effect on the effect of Fe
reduction on phosphorus precipitation, while other conditions such as temperature, substrate
concentration and reaction time period had no significant effect on the phosphorus removal effect!™.
Ammonium phosphate and calcium hydroxyphosphate crystals and stirring effect is aso very
prominent. The crystallization rate and the stirring speed is positively correlated in acertain range, but
the stirring speed exceeds a certain limit after the crystallization effect change is not obvious*?,

Application and Prospect of Crystallization and Phosphorus Removal in Engineering

The crystallization reactors that have been developed mainly have some of the following
categories. DHV CrystalatorTM system, Kuritafixed bed crystallization reactor, phosnix process and
so on. They have been into the practical application in Japan. A domestic company have built a set of
ammonium magnesium phosphate crystal removal process equipment in 2009 in order to deal with
high concentrations of phosphorus-containing wastewater produced by chemical production process.

Crystallization products can be used as slow-release fertilizers, P industrial raw materias for the
manufacture, the materialsfor fire-resistant plates and al so used for cement production as supplement
for the lack of natural phosphate rock*¥, Calcium phosphate crystallization method iswidely used to
remove phosphorus removal in landscape water! In the wastewater treatment, the crystallization
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method with its unique advantages of phosphorus resource recovery has been widely concerned. HAP,
MAP crystalization recovery of phosphorus research gradualy put forward. vivianite, as a The
potentia of the crystallization of the way, will become the future of water treatment workers one of
the essential content.
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