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Abstract: Monoammonium phosphate (MAP) is produced from crude phosphoric acid which contains Fe (III), Al (III) and Mg (II) 

ions. In general, the fertilizers MAP was obtained by including various heavy metal micronutrients (Co, Cu, Fe, Mn, Mo, Ni and Zn), 

fluorine and heavy metals considered toxic (Al and Cd) in. The long-continued application of phosphate fertilizers (MAP) and their by 

products can redistribute and elevate heavy metal and fluorine concentrations in soil profiles. However, they are subsequently 

transferred into the human food chain because of their availability to plants, mainly in acid soils. Thus, it is important to eliminate the 

impurities in MAP.  Purified MAP is three times more expensive than the same product before purification and is commonly used in a 

number of applications such as flame proofing (building materials, pulp and paper) and agriculture. Purified MAP is a key ingredient in 

specialty all-soluble dry fertilizers, waste water-nutrient for biological purification, fermentation and biotechnology-nutrient. The 

procedure for purification of industrial MAP is a recrystallization, by using several mixtures of solvents. The physicochemical 

characterization of this fertilizer upstream and downstream from the purification, through spectroscopic analyses and chemical 

analyses, shows that recrystallization can eliminate impurities. The physicochemical properties of the purified MAP obtained by 

recrystallization are comparable to those of the MAP obtained with a pure phosphoric acid. 
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Monoammonium phosphate (MAP) is an important 

commercial fertilizer. The important water-soluble P 

fertilizers include monoammonium phosphate (MAP) 

and diammonium phosphate (DAP) [1]. The fertilizer 

is produced industrially in large quantities via the 

reaction between gaseous ammonia and green 

phosphoric acid. The reaction is exothermic, and the 

equation for the neutralization reaction between 

ammonia and phosphoric acid is as follows [2]: 

NH3 + H3PO4        NH4H2PO4 

When the molar ratio (MR) of ammonia to 

phosphoric acid is 1, MAP is formed [2]. Diammonium 

phosphate can also be manufactured similarly with a 

MR of 2. The phosphoric acid used in producing MAP 

can be crude unpurified acid obtained by dissolving 

phosphate rock with sulfuric acid. In this case, crude 

MAP results, may be adequate for some applications? 

However, phosphate rock may contain heavy metals 

and these can be transferred to the fertilizer, and further 

to crops. 

Two options are available to produce purified MAP: 

use purified phosphoric acid and purify the MAP. 

For producing industrial purified monoammonium 

phosphate from wet process phosphoric acid, it is 

necessary to purify the phosphoric acid in advance 
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according to a process of extracting phosphoric acid 

from wet process phosphoric acid according to solvent 

process, followed by reacting ammonia with the 

resulting extract to obtain monoammonium phosphate 

containing a small amount of impurities.  

However, this extraction process cannot be regarded 

as an industrially advantageous process due to its 

complicated steps [3]. 

In the present work, we are interested in eliminating 

impurities from industrial MAP and in comparing the 

results with MAP synthesized in the laboratory from 

phosphoric acids of various concentrations (crude 

phosphoric acid of 54% concentration, purified acid of 

47% concentration obtained by liquid-liquid extraction 

and purified acid of 61% concentration).  

In the present report, the physicochemical 

characterization of MAP fertilizer upstream and 

downstream of the purification process is aimed at 

determining the performance of recrystallization. We 

also compare the recrystallized MAP to the MAP 

obtained from a pure phosphoric acid. 

2. Experiment 

2.1 Synthesis of MAP 

MAP was synthesized by adding 17 g of 

concentrated ammonia to 98 g of phosphoric acid in a 

500 mL beaker. Following agitation with a magnetic 

stirrer during 5 minutes, the solution was evaporated to 

dryness under a Rotavap evaporator. 115g of white 

polycrystalline solids were obtained. 

2.2 Recrystallization 

Crystallization experiments of MAP were carried 

between 273-400 K and at 400 r.p.m stirring rate. The 

suspension was dissolved in 60 mL of mixed solvent. 

0.1 g of charcoal was added in the solution. The 

suspension was filtered and the solution was cooled to 

273 K whereupon crystals appeared. We have 

recrystallized MAP using water-alcohol mixtures. 

Impurities were analyzed by ICP spectroscopy. 

2.3 Analytical and Testing Methods 

P2O5 content in the solution is determined 

gravimetrically. 

The ammonia to phosphoric acid molar ratio (MR) 

was obtained by titration with standard 0.5 M NaOH 

and 0.5 M HCl solutions. The amount of HCl and 

NaOH added was used to calculate the MR with MR = 

2- (volume of NaOH/volume of HCl) according to the 

method described in Ref. [4]. 

1
st
 time: NH4H2PO4 + NaOH    NaNH4HPO4 + H2O 

(NH4)2HPO4+NaOH    Na(NH4)2PO4+ H2O 

2
nd

 time: NaNH4HPO4 + HCl     NH4H2PO4 + NaCl 

(NH4)2HPO4 + HCl     NH4H2PO4 + NH4Cl 

A pH Meter was employed to measure the pH values 

of slurries. 

N content in the solutions was determined by the 

Kejdahl method. 

Melting points were determined with a METTLER 

FP62 melting point apparatus using capillary tubes. 

The soluble anions present in the MAP were 

determined by ionic chromatography (Metrohm). 

Data collection was realized by using Kappa CCD 

Server Software (Nonius, 2004), program(s) used to 

solve structure are SHELXS97. 

3. Results and Discussion 

Table 1 summarizes the elemental concentrations of 

the phosphoric acid determined by ICPAES 

(inductively-couple plasma atomic emission 

spectroscopy). The elements listed in Table 1 are Al, 

Fe, Mg, Ni, Cr, V, Cu, Zn, Mn and Cd.  

The composition of impurities in both phosphoric 

acid purified by liquid-liquid extraction is given in 

Table 2. The pure phosphoric acid gives only trace 

amounts of heavy metals, its composition is shown in 

Table 3. 

The granular monoammonium phosphate manufact- 

ured by the spray-drying process has the following phy- 
 

 

Table 1  The elemental composition of plant phosphoric acid. 



Synthesis and Physicochemical Characterization of Pure Monoammonium Phosphate (MAP) from 
Industrial Fertilizer 

  

51 

Sample 
Fe 

(ppm) 
Al 

(ppm) 
Mg 

(ppm) 
Cr 

(ppm) 
Zn 

(ppm) 
Cd 

(ppm) 
Cu 

(ppm) 
Ni 

(ppm) 
Mn 

(ppm) 
V 

(ppm) 

Plant phosphoric acid* 3007 4429 7090 310 240 30 3 10 30 80 

Dilute plant 
phosphoric acid** 

2266 3461 5101 230 200 27 3 10 25 58 

* Acid with % (weight) P2O5 : 53; ** Acid with % (weight) P2O5 : 40 
 

Table 2  The elemental composition of phosphoric acid purified by liquid-liquid extraction. 

Sample 
Fe 

(ppm) 
Al 

(ppm) 
Mg 

(ppm) 
Cr 

(ppm) 
Zn 

(ppm) 
Cd 

(ppm) 
Cu 

(ppm) 
Ni 

(ppm) 
Mn 

(ppm) 
V 

(ppm) 

Purified plant 
phosphoric acid * 

482 343 343 30 120 8 - - 3 10 

Purified, dilute Plant  
phosphoric acid **  

391 275 271 27 110 7 - - 3 10 

* Acid with % (weight) P2O5 :43; ** Acid with % (weight) P2O5 : 38 
 

Table 3  Chemical composition of the pure phosphoric acid. 

Sample 
Fe 

(ppm) 
Al 

(ppm) 
Mg 

(ppm) 
Cr 

(ppm) 
Zn 

(ppm) 
Cd 

(ppm) 
Cu 

(ppm) 
Ni 

(ppm) 
Mn 

(ppm) 
V 

(ppm) 

Pure Phosphoric acid *  125 9 108 Trace trace trace trace trace trace trace 

Dilute pure Phosphoric  
acid **  

6 0.5 12 Trace trace trace trace trace trace trace 

* Acid with % (weight) P2O5 : 61; ** Acid with % (weight) P2O5 : 40 
 

sical properties: mean particle size of 2 mm, M.P. of 

135 ℃. It’s chemical composition is 52-54% P2O5, 

1-1.9% F2O3, 3-4% MgO, 10.5-11% N, 7-9% SO3, 2-3% 

Al2O3, 1.5-2% H2O and pH value: 4-5 [5]. 

The principal chemical compositions of the MAP 

upstream and downstream from the recrystallization 

are presented in Table 4. After purification, the % P2O5 

and % N were increased while keeping the molar ratio 

(MR) ranging between 0.9-1.10. Also, after 

purification, the percentage of H2O and value of pH are 

not changed. There are 35% impurities by weight in the 

crude industrial MAP. 

Monoammonium phosphate granules contain
 

various Ca, Mg, Fe and Al compounds that
 

are 

insoluble in water and can comprise up to 10% of the 

total
 
P content of fertilizers [6]. The MAP contains 

toxic elements such as Cd, Zn, Cu and Ni, which are 

toxic for plants and have the potential for adverse 

effects on human health due to the transfer of metals 

from soils to food corps. Thus, it is important to 

eliminate or reduce these toxic elements in MAP. The 

analysis of the MAP after purification is given in Table 

5, and shows that the quantity of impurity decreases. 

The results are comparable to those of the MAP 

synthesized from the pure phosphoric acid.  

After recrystallization, the melting point was found 

to be 198 ℃, close with the one of laboratory grade 

MAP (190 ℃). 

The percentage of F in MAP varies around 1.6-2.2% 

[7]. Anions in fertilizer (Cl
-
, F

-
, SO4

2-
 and NO3

-
) were 

determined by ionic chromatography upstream and 

downstream of the recrystallization. Chromatograms 

showed that the anions of the type fluorine, chlorine, 

sulfate and nitrate decreased after purification of the 

industrial fertilizer (Fig. 1b).  

The analysis by means of IR of the MAP before and 

after recrystallization is presented in Figs. 2 and 3. 

The characteristic wavelengths of the vibration 

modes of MAP are illustrated in Table 6, which shows 

the presence of the four modes of vibrations ascribed to 

PO4
3-

 observed at about 444 cm
-1

, 539 cm
-1

, 917 cm
-1

 

and 1110 cm
-1

, the vibrations of ammonia observed 

about 1400 cm
-1

, and a wide band attributed to H2O and 

NH4 stretching modes observed around 3137cm
-1 

[8, 9]. 
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Table 4  Chemical compositions of the MAP upstream (u.r) and downstream (d.r) from the recrystallization. 

Samples % P2O5 (Wt) % N (Wt) % H2O (Wt) MR(N / P) pH 

*1(u.r) 56.38 10.28 1.68 1.10 4.0 
*2(d.r) 60.00 11.96 1.68 1.01 4.9 
*3(u.r) 60.70 11.96 1.68 1.08 4.3 
*4(d.r) 61.63 11.96 1.68 0.99 4.0 

*5 60.38 11.96 1.68 1.09 4.9 
*6(u.r) 53.17 10.77 1.68 1.03 4.8 
*7(d.r) 55.83 12.17 1.68 1.10 4.2 

*1. MAP synthesized in laboratory from crude phosphoric acid; *2. MAP recrystallized (crude phosphoric acid); *3. MAP synthesized 

in laboratory from purified Phosphoric acid; *4. MAP recrystallized (purified phosphoric acid); *5. MAP synthesized in laboratory from 

pure phosphoric acid; *6. Crude MAP;. *7. Crude MAP recrystallized.  
 

Table. 5  Determination of the impurity present in MAP upstream (u.r) and downstream (d.r) from the recrystallization. 

Samples Fe (ppm) Al (ppm) Mg (ppm) Cr (ppm) Zn (ppm) Cd (ppm) Cu (ppm) Ni (ppm) Mn (ppm) V (ppm) 

*1(u.r) 3120 4540 7150 288 282 37 5 29 35 79 
*2(d.r) 21 34 104 4 22 1.4 0.4 3 3 11 
*3(u.r) 460 308 314 44 106 7 0.9 0.6 3 12 
*4(d.r) 11 6 84 10 0.3 0.3 - 0.4 1 1 

*5 42 32 86 5.6 6.5 0.1 0.1 0.1 0.4 0.4 
*6(u.r) 3094 3877 6528 197 147 10 0.1 6 20 34 
*7(d.r) 21 10 257 - 23 - - 4 3 10 

 

Table 6  The wavelength of the vibration mode of MAP upstream (u.r) and downstream (d.r) from the recrystallization and 

pure commercial MAP (Fisher). 

Bands Band Limit of absorption (cm-1) [8,9] MAP (u.r) MAP (d.r) commercial MAP (Fisher) 

PO4
3- 

υ1: 1000- 800 995 917 917 

υ2: 500 - 300 500 460 459 

υ3: 1200 - 1000 1097 1107 1105 

υ4: 650 - 500 560 550 548 

NH3
+ 

∂a: 1600 - 1575 1600 - - 

∂s: 1500 - 1300 1532 1400 1401 

NO2 
υ1 : 1300 - 1250 1289 1293 1296 

υ2: 1650 - 1600 1600 1642 1642 

NH4
+ υ NH: 3300 - 3030 3117 3124 3120 

H2O υOH: 3600 - 3100 3117 3124 3120 

 

In addition, the analysis by scanning electron 

microscope (SEM) of the industrial MAP after 

recrystallization showed that carbon, aluminum, 

magnesium and sodium are eliminated and the quantity 

of sulfur was decreased (Fig. 4). 

The crystal structure of monoammonium phosphate 

recrystalliseized NH4H2PO4 has been determined by 

X-ray single crystal analysis at room temperature. The 

space group is I- 42d with lattice parameter a = 7.49610 

(10) Å, b = 7.49610 (10) Å, c = 7.54510(10) Å and Z = 

16. The refinement converged to R1= 0.0167 and RW2 = 

0.0414. The analysis by X-ray diffraction showed that 

the purification of the MAP did not change the 

crystalline system (Tetragonal). Crystal data details 

and structure refinement are given in Table 7, showing 

that the crystallographic parameters of recrystallized 

MAP are close to the pure MAP (fisher), which 

justifies the performance of the recrystallization. 
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a :before purification                                     b : after purification 

Fig. 1  The analysis by ionic chromatography of the industrial MAP upstream and downstream from the recrystallization. 
 

 
Fig. 2  The analysis by means of IR of the industrial MAP upstream the recrystallization. 
 

The analysis by solid state nuclear magnetic 

resonance of the MAP showed that there's fluctuations 

of peak related 
31

P after purification, which include a 

chemical shift of the main peak of 1.14 at 1.04 (Fig. 5, 

Table 8). This reflects the changing environment of 

phosphate groups after removal of impurities. These 

results are in good agreement with those found 

previously by chemical assaym that have shown a 

partial absence of impurities. Whereas the peak related 

to 
27

Al previously observed before the recristallization  
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Fig. 3  The analysis by means of IR of the industrial MAP downstream from the recrystallization and pure commercial MAP 

(Fisher). 
 

 

  
Fig. 4  The analysis by MEB of the industrial MAP upstream (a) and downstream (b) from the recrystallization. 
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color disappears. The analysis by the technique 

“COLOREFLEX” (Table 9) showed that the 

luminosity of the industrial MAP was close to that of 

the commercial MAP (Fisher) and that of standard 

white. 

4. Conclusions 

The long-continued application of impure MAP can  

redistribute and elevate heavy metal concentrations in 

soils. The redistribution of heavy metals can adversely 

affect water resources and endanger the health of 

surrounding ecosystems and human populations. Thus, 

it is important to purify MAP fertilizer to avoid 

bioaccumulation of toxic elements in plants and 

humans.  

The physicochemical characterization of the 

industrial MAP downstream of the purification, 

through spectroscopic analyses and chemical analyses, 

showed that we have obtained purified MAP, physic- 

 

Table 7  Crystal data details and structure refinement of the plant MAP downstream from the recrystallization and 

commercially pure MAP. 

 MAP recrystallized Commercial MAP 

I. Crystal data   

Formula NH4H2PO4 NH4H2PO4 

Formula weight (g/mol) 169.89 169.89 

System Tetragonal Tetragonal 

Space group I-4 2 d I-4 2 d 

a (A°) 7.49610 (10) 7.49690(10) 

b (A°) 7.49610 (10) 7.49690(10) 

c (A°) 7.54510 (10) 7.54590 (2) 

V (A°) 423.971 (10) 424.320 (10) 

Z 16 4 

ρcal (g. cm-3) 2.662 2.659 

F(000) 332 332 

μ( MOKa) (mm-1) 1.627 1.626 

Couleur du cristal incolore incolore 

II. Intensity measurements   

Temperature 293 (2) 296 (2) 

   

Wavelength MOKα (A°) 0.71073 0.71073 

Measurement area: h, k, l   

 -14 < h < 14 -13< h < 13 

 -14 < k < 14 -10 < k < 13 

 -14 < l < 14 -14 < l < 8 

III. Structure determination   

Unique reflections included: 
with I > 2σ (I) 853 

 
645 

 
 

Refined parameters 21 20 

Unweighted agreement factor R1 0.0167 0.0295 

Weighted agreement factor Rw2 0.0414 0.0707 

 
 

Table 8  Analysis of the element 
31

P from industrial and 

purified MAP by solid NMR. 

Sample Number of pic chemical shift (ppm) 

Plant MAP 1 1.14 

MAP after purification 1 1.04 
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chemical properties of which are comparable with that 

of the MAP obtained from a pure phosphoric acid.  

After purification, the % P2O5 and % N were 

increased while keeping the molar ratio (MR) range 

between 0.9-1.10 and the products obtained contain 

1.5-2% H2O and pH of 4-5.  

The analysis by ICP shows that the major toxic 

element are eliminated after recrystallization especially 

Cd. Potential sources for increased Cd loading of 

agricultural soils is Cd contained in fertilizer. There 

have been increasing efforts in reducing accumulation 

of Cd in soil through the use of pure MAP. 

The analysis by X-ray diffraction shows that the 

purification of the crude MAP didn’t change the 

crystalline system (Tetragonal) but generated a slight 

variation in crystallographic parameters.  

 
 

 
Fig. 5  The analysis by 

31
P NMR of the industrial MAP upstream (a) and downstream (b) from the recrystallization. 

 

 

 
Fig. 6  The analysis by 

27
Al NMR of the industrial MAP upstream and downstream from the recristallization. 

 

Table 9  Analysis of the MAP recrystallized by the coloreflex. 

Sample L* a* b* 

Standard white 93,44 -1,24 1,14 

Before purification  

After purification 

b 

27Al 

 

a 31P 
31P 
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Pure MAP (Fisher) 88,15 -1,00 0,59 

MAP recrystallized by water-alcool 87,75 -1,24 1,20 

 

The analysis by solid state nuclear magnetic 

resonance (magic-angle NMR) of the crude MAP after 

purification showed that the peak relating to 
31

P was 

increased. Also, a small fluctuation of the chemical 

shift was detected, whereas the peak relating to 
27

Al 

observed before the recristallization was no longer 

observed after purification. 

The purified MAP is an improved fertilizer because 

the major impurities can be reduced after 

recrystallization, especially the toxic elements.  
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