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Abstract
In this study, we prepared polyelectrolytes to explore their effectiveness in controlling of crystallization of calcium oxalate. The effects were evaluated at different calcium to oxalate concentration ratios in the mother liquid. The polyelectrolytes affect morphology, phase, dimension and particle size distribution of the crystals. Our studies indicated that polyelectrolytes inhibit calcium oxalate monohydrate crystallization so that they are capable of increasing spontaneous nucleation of COD.
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1. Introduction
Calcium oxalate (CaC2O4, CaOx) is a naturally occurring mineral found in fossils, plants, human urinary calculi and is a by-product in some processes such as paper, food and beverage processing [1].  In the pulp and paper industries, calcium oxalate forms scale deposits on the equipment. The problem of scale formation on heat exchanger reduces the heat transfer efficiency of the evaporation process causing to increased energy consumption and losses in production time [2]. Kidney stone formation is a serious medical problem and has a high recurrence rate.  Although normal urine is often supersaturated with respect to calcium oxalate, the formation of human kidney stones is strongly prevented by acid-rich urinary proteins [3].  In nature calcium oxalate crystallizes in three different hydrates, such as monoclinic monohydrate COM, (CaC2O4.H2O, whewellite), tetragonal dihydrate (CaC2O4.(2+x)H2O, x<0.5), weddelite) and triclinic trihydrate (CaC2O4.xH2O, 3>x>2.5; COT). One of the most effective methods to retard the unwanted deposition of inorganic or mineral salts is to choose the inhibitor contains carboxylic acids, sulfonic acid or phosphonic acid type functional groups [4]. As many biological molecules are relatively rich in anionic side chains we have been involved in calcium oxalate crystallization using polyelectrolytes. The purpose of this investigation was to study the selective effect of the polyelectrolytes on the habit modification and the phase transformation of CaOx. The acidic acrylate block copolymer, poly(ethylene glycol-block-acrylic acid, EO-b-AA) has been made, by radical polymerization, with defined molecular weight and structure to be compared with polyacrylic acid (PAA) homopolymer. The copolymer consists of a hydrophilic block which promotes water dissolution (polyethylene glycol) and a second hydrophilic block (acrylic block) which strongly interacts with minerals. The effects of the polyelectrolytes on the crystal growth of calcium oxalate were investigated by a Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR).
2. Experimental procedure
2.1 Polymer Synthesis

The acidic acrylate block copolymer has been made, by radical polymerization, with defined molecular weight and structure. Radical polymerization of acrylic acid (AA) was carried out in the presence of (-thio polyethylene glycol monomethylether as a chain transfer agent to produce poly(ethylene glycol-block-acrylic acid, EO-b-AA) copolymer. The complete experimental procedures were reported previously [6]. The molecular weight of the copolymer is 3700. Polyacrylic acid (PAA) of 5000 MW was purchased from Sigma.
2.2. Crystal Growth Experiments

Crystal growth experiments were made in a water-jacketed Pyrex glass vessel of 1 L capacity. Supersaturated solutions for growth experiments were prepared by the slow mixing of calcium chloride and sodium oxalate solutions. The growth experiments were carried out by adding a known amount of the calcium or oxalate stock solution. After temperature equilibration the second component was added and pH, temperature and calcium concentration of the reaction solutions were monitored by computer with appropriate software during the crystallization. All experiments were performed at a temperature of 30 ± 0.1°C.  In the experiments, the initial reactant ratio (RR), [Ca2+]/[C2O4 2-], was varied from 1/2  to 2. The effect of polymers on the rate of precipitation of calcium oxalate was determined by recording the decrease, as a function of time, in calcium concentration of a solution containing 7x10-4 M CaCl2 and Na2C2O4. The course of the reaction was followed by removing homogeneous aliquots at various times and quickly filtered through Millipore filters of 0.22 (m pore size. The aqueous phase was analyzed for calcium by atomic absorption spectroscopy (Perkin Elmer AAnalyst 200). The crystals removed by filtration were examined by scanning electron microscopy (SEM), X-ray powder diffraction and FT-IR. The effect of an additive can be quantified as the ratio of the rate of crystallization of the pure solution (Ro, mg/L·min) to the rate of crystallization in the presence of additive (Ri, mg/L·min) at the same concentration and temperature. 
3. Results and Discussion
In all control experiments without additives COM was the dominant phase in all concentration. Calcium oxalate monohydrate is the most commonly occurring CaOx and is the thermodynamically most stable phase. It has a monoclinic structure with a space group of P21/c and its crystal habit can best be described as tabular as a single crystal. However, twinning of COM crystals is common, often occurring on the large (-101) face. SEM figures showed that the precipitates obtained from control experiments contained aggregates of monoclinic COM crystals, with contact twinning (Figure 1a). Some of the crystals are aggregated in rosettes. Interpenetrant twin crystals grown without additives are flattened parallel to {010} and preferentially rest on {010} faces. XRD spectra of all samples have shown peaks characteristic for COM. The grown prismatic crystals were identified as calcium oxalate monohydrate by XRD (Figure 2a) and compared with that of the powder diffraction File 9-432 JCPDS 2000. The principal diffraction peaks of COM appear at 2( values of 14.93( for reflection (101), at 15.29( for reflections (110), at 24.37( for reflection (020) and at 30.11( for reflection (202).  All intensity peaks of the XRD patterns of the COM powders were exactly matched with the structural data of the COM described in standards, although the intensities of the XRD peaks were varied with the reaction conditions. 
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	Figure1. SEM images of CaOx crystals grown for 5 h from a solution at 30 ° (a) in the absence of polyelectrolytes  (RR=0.5)    (b )   COD  samples    in   the    presence     of  poly(ethylene glycol-b-acrylic acid (RR=0.5)    (c) in the absence of polyelectrolytes  (RR=2)    (d) COD samples    in   the    presence     of  poly(ethylene glycol-b-acrylic acid (RR=2)
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Figure 2. XRD powder patterns of crystals (a) in the absence of polyelectrolytes  (RR=0.5)  (b)  in the presence of poly(ethylene glycol-b-acrylic acid (RR=0.5)  
The effect of polymer on the rate of crystallization was determined over a concentration range of 1 ppm to 5 ppm.  The experimental conditions and calculated results are given in Table 1. When 1 ppm of polymer was present, a distinct morphological and phase change of calcium oxalate crystals occurred. XRD patterns of CaOx precipitated in the presence of polymer solutions of various concentrations showed a shift from COM to COD. As shown in Figure 2b, the prismatic COM crystals totally disappeared and tetragonal COD bipyramids were considerably elongated along the c-axis, exhibiting well-developed tetragonal {100} prisms. It should be noted that the COD crystals were normally bi-pyramid shaped due to the predominant development of {101} crystal faces. The presence of polymers in CaOx solution has induced the phase transformation.  In presence of EO-b-AA copolymers, there was an outgrowth of the COD crystals along the [001] direction, resulting in elongated crystals and the development of {100} crystal faces. The calcium surface concentration of the COD on the (100) face is greater than that on the (101) face. This result implies that the COD (100) faces can adsorb a higher number of carboxylate moieties from the polymers. As a result, the gradual morphological transition of COD crystals from tetragonal bipyramids to elongated tetragonal prisms with increasing polymer concentration was observed in this experimental condition. Wesson (6) reported that COM crystals have a much higher adhesion capacity to renal tube cells in culture compared to with COD and theoretical results also suggest that COM may have a stronger affinity to cell membranes than COD. COD is easily expelled from the body along with the urine. Thus, if more COD can be induced in urine by a certain additive, this additive may act as a good inhibitor for urinary stones. 
Table 1. The effects of polyelectrolytes on CaOx crystallization 

	RR
	EO-b-AA       (mg/L)
	Ro/Ri
	Crystal Morphology
	(axb)   (μm)

	0.5
	-
	-
	COM
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	(7x3)

	
	1
	1.26
	COD
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	(9 x 9)

	
	5
	1.97
	COD
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	(3 x 3)

	2


	-
	-
	COM
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	(12.5 x 5)

	
	1
	1.95
	COD

[image: image11.emf]


	(9.3 x 9.3)

	
	5
	3.58
	COD
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	(3 x 0.8)


4. Conclusions
Polyelectrolytes synthesized by radical polymerization was very good additive for controlling of the calcium oxalate crystallization under the described experimental conditions. The polymer concentration and the reactant ratio were found to be important parameters for the control of morphologies and phase transformation of CaOx crystals. In the control experiments, twinned and agglomerated COM crystals formed. The presence of polymers favors the transition of COM to COD crystals. Addition of 1.0 ppm polymer causes a distinct morphological and phase change to calcium oxalate crystals. The polyelectrolytes inhibited the formation of COM phase and meanwhile promote the formation of COD phase. This work may provide new insights into the phase control of CaOx particles. 
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