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ABSTRACT 

Stirring has been used as an efficient method for crystallization so as to maintain the crystal suspension and to achieve 

uniformity of all suspension properties in the crystalliser. The addition of tartaric acid can significantly affect the 

crystallization kinetics and crystal morphology even in small amounts. The purpose of this study was to study the effect of 

stirring and the addition of tartaric acid on the crystallization of struvite which can be used as fertilizer. MgCl2, C4H6O6 

and NH4H2PO4 crystals were dissolved in distilled water to prepare struvite crystallization solution. All solutions were 

then mixed in a beaker glass with stirring at 200 and 300 rpm at 40oC with the addition of 0, 10, 20 ppm tartaric acid 

using the bath process. The results showed that the stirring speed affected the growth of struvite crystals, the higher 

rotation speed of the stirrer resulted in an increase in struvite crystals so that the constant rate value became greater so 

that it could be used as a good parameter for the manufacture of struvite fertilizer. Material characterization used 

Scanning electron microscopy (SEM-EDX) and crystal phase analysis using X-ray powder diffraction (XRPD). 
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INTRODUCTION 

Stirring has been used as an efficient method for crystallization so as to maintain the crystal suspension and to achieve uniformity 

of all suspension properties in the crystalliser. Stirring in the solution could helped to thin out the adsorption layer so it could 

affected the mass transfer between the solution and the crystals. Thus, the crystal growth rate would increased with increasing 

stirring speed (Sung et al, 2002). However, increasing the stirring speed caused the fluid velocity to increase and collisions occur 

between the crystals and the stirrer. Stirring speed affected the growth of struvite crystals, the higher the rotation speed of the 

stirrer results increased in struvite crystals so that the constant rate value became greater, namely 2.6; 3.7 and 5.8 h-1 for agitator 

rotation of 50, 100 and 120 rpm (Ariyanto, 2013). Likewise, according to Rahaman and friends, the value of the cash rate rose by 

1.902; 2.034 h-1 for agitators 70 and 100 rpm (Rahaman et al, 2008). But at a stirring speed of 500 rpm the value of the constant 

rate began to decrease, 0.90; 1.38; 0.72; 0.48 h-1 for 200, 300, 500 and 700 rpm (El-gawad et al, 2017). 

Struvite crystallization has been found to be a promising technique for phosphorus recovery because the precipitate obtained can 

be used as a slow release fertilizer (Bing Li et al, 2019). Recently, struvite crystals have became attractive because the final 

product had a potential market for the fertilizer industry. Struvite crystals could impaired equipment performance and lead to 

increase maintenance costs. However, struvite crystallization is now considered a prospective technology for phosphate recovery 

from wastewater treatment processes, municipal sewage, industrial effluents and liquid fertilizers (Mohajit et al, 1989; Doyle, 

J.D., Parsons, S.A, 2002). 

Additives could significantly affected crystallization kinetics and crystal morphology even in small amounts (Muryanto and 

Bayuseno, 2014). Research on the effect of additives on the formation of struvite crystals has been widely carried out, but the 

effect generally depended specifically on the type and concentration of additives and the characteristics of each type of crystal 

(Muryanto et al, 2002). Reduced struvite crystals as crystalline crust in general used inorganic additives Cu2+, Pb2+ and 

Zn2+(Perwitasari et al, 2018),  or organic additives citric acid (Perwitasari et al, 2017), and maleic acid (Perwitasari et al, 

2018),which could inhibited the growth of struvite crystals, but struvite itself contains phosphate which could be used as fertilizer 

material. 



 

Copyrights @Kalahari Journals Vol. 7 No. 1 (January, 2022) 

International Journal of Mechanical Engineering 

2970 

Many organic and inorganic additives could inhibited the crystallization process, but the most effective organic additive was 

tartaric acid (Prisciandaro et al, 2003). Therefore, it was necessary to do research on the effect of stirring and the addition of 

tartaric acid on the crystallization of struvite which can be used as fertilizer. 

RESEARCH METHODS 

The materials and equipment used in the research were distilled water, KOH, MgCl2.6H2O, NH4H2PO4 and additives Tartaric 

Acid (C4H6O6) with analytical grade chemicals (MerckTM), analytical balance, stirrer, measuring cup, magnetic stirrer, filter 

paper. 

Research Stages 

MgCl2, C4H6O6 and NH4H2PO4 crystals were dissolved in distilled water to prepare struvite crystallization solution. The pH of the 

initial solution was made equal to the addition of 0.5 N KOH. Additive concentrations of tartaric acid (0; 10; and 20 ppm) were 

dissolved and added to the MgCl2 solution. All solutions were then mixed in a beaker glass with stirring at 200 and 300 rpm at 

40oC using the bath process. The resulting solution is then filtered and dried. After drying, it was weighed to get the mass of 

struvite crystals. 

 

Material characterization 

The dried precipitate was analyzed for morphology and struvite crystal elements used Scanning electron microscopy (SEM-EDX) 

and crystal phase analysis using X-ray powder diffraction (XRPD). 

RESULTS AND DISCUSSION 

The stirring speed affected the growth of srtuvite crystals, the higher rotational speed of the stirrer results was an increase in the 

deposition of struvite crystals so that the value of the constant rate became greater, as has been done by previous researchers 

(Ariyanto Eko, 2013; Rahaman MS et al. 2006), so that the more struvite crystals. which could be used as fertilizer. The highest 

constant rate value was at 300 rpm with a constant rate of 1,614 h-1. However, with the addition of tartaric acid concentration the 

value of the constant rate decreased, this indicated that the growth of struvite crystals is inhibited. As shown in table 1 below.  

Table 1. First-order rate constant for struvite crystallization 

Temperature and 

stirrer rotation 

Tartaric acid 

concentration (ppm) 

Regression equation Constant 

rate 

R2 

40oC, 200 rpm 0 

1 

10 

20 

y= -0,0254x – 3,4428 

y= -0,0238x – 3,5212 

y= -0,0195x – 3,3390 

y= -0,0163x – 3,4168 

1,524 

1,428 

1,170 

0,978 

0,9879 

0,9678 

0,9604 

0,9363 

40oC, 300 rpm 0 

1 

10 

20 

y= -0,0269x – 3,3253 

y= -0,0241x – 3,4890 

y= -0,0205x – 3,2913 

y= -0,0169x – 3,3904 

1,614 

1,446 

1,230 

1,014 

0,9611 

0,9608 

0,9679 

0,9430 

 

Mineral characterization 

From the results of the SEM-EDX analysis obtained as shown in Figures 1a and 1b for a stirrer rotation of 200 rpm with the 

addition of 10 and 20 ppm of tartaric acid. The more the concentration of tartaric acid added, the number of struvite crystals 

decreased. Likewise in Figures 2a and 2b for a stirrer rotation of 300 rpm, the more the concentration of tartaric acid added, the 

number of struvite crystals decreased. Meanwhile, Figure 1a (200 rpm) and Figure 2a (300 rpm) with different stirrer rotations 

showed that the higher the stirrer rotation, the greater the number of struvite crystals.  
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Figure 1a, at 200 rpm, 40oC, 10 ppm        Figure 1b, at 200 rpm, 40oC, 20 ppm 

 

Figure2a, at300 rpm, 40oC, 10 ppm             Figure2b, at300 rpm, 40oC, 20 ppm 

 

Figure 3, XRPD pattern at 200 rpm, 40oC (10, 20 ppm) 

 

 

Figure 4, XRPD pattern at 300 rpm, 30oC (10, 20 ppm) 
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Figure 3 and Figure 4 are X-ray diffractograms of the crystal samples where struvite crystal peaks were obtained at 200 rpm and 

300 rpm at 40oC with the addition of 10 and 20 ppm tartaric acid concentrations. 

CONCLUSION 

From the results of the study, it can be concluded that the stirring speed affected the growth of struvite crystals, the higher the 

rotation speed of the stirrer results was an increase in struvite crystals so that the constant rate value became greater so that it 

could be used as a good parameter for the manufacture of struvite fertilizer. 
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