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Abstract 

Fertilizer industry is one of the most important industries to increase 

agricultural production and provide food for the world's population. In fertilizer 

factories, water is used to remove dust, cooling towers and different production 

processes, So It was mandatory to find new ways to solve water problems in 

such industries and reuse them again. wastewater from such industry in general 

contain organics, inorganic and suspended solids. The production process of 

potassium sulfate fertilizer results in sulphate-rich wastewater, while calcium-

rich wastewater is produced by the calcium chloride industry. The confluence of 

this water leads to calcium sulfate being the basins of the wastewater treatment 

plant causing the pumps to stop working and blocking the filter press pores. due 

to the solidity of calcium sulphate, it causes an obstacle to get rid of it, extra 

effort, high cost, disruption of the station and stopping production factories 

which leads to a great economic loss. The current focus of work to solve this 

problem by adding organic chelators to effluent streams at a certain weight 

leading to the formation of calcium and sulphate chelates which can be easily 

isolated and get rid of calcium and sulphate ions. These chelators were prepared 

and tested to remove calcium and sulphate ions. The physicochemical properties 

of these chelators were characterized by several techniques such as Infrared 

spectroscopy, 1H-NMR spectra and Mass spectrum. It was seen that the removal 

of calcium and sulphate ions using these organic chelators was the best way to 

treat industrial wastewater rich in such ions.   

  Keywords: Spectra ,Chelators ,Metal chelates, Calcium removal, Sulphate, 

removal, Fertilizer plants wastewater 

 

 

 

 

 

 



 

3 
 

 الملخص
 

الضرورية لزيادة االنتاج الزراعي لتوفير الغذاء لسكان العالم. يعتبر تعد صناعة االسمدة من الصناعات 

تخصيب التربة اال انه من الصناعات المستهلكة كبريتات البوتاسيوم من االسمدة الحيوية المستخدمة ل

للمياه لذلك كان لزاما علينا ايجاد الطرق العلمية إلعادة استخدام تلك المياه حفاظا عليها. ونظرا الحتواء 

والتقائها مع مياه الصرف الصناعي لمصنع انتاج  الكبريتاتتلك المياه علي كميات كبيرة من ايونات 

مما يتسبب في ترسيب كبريتات الكالسيوم داخل احواض  ية بأيونات الكالسيومالغن كلوريد الكالسيوم

محطات الصرف مؤثرا علي عمل مضخات المحطة وتوقفها كما يتسبب في انسداد مسمات الفلتر برس 

مركبات بديلة لترسيب ايونات الكالسيوم تحضيرالمستخدم في ازالة رواسب المياه لذلك في هذا الدراسة تم 

والتخلص منها دون توقف للعملية الصناعية مما يوفر الوقت قبل تجمع المياه في االحواض  تاتالكبريو

والجهد ويساعد علي تقليل التكلفة االنتاجية لألسمدة بالحفاظ علي الشغيل المستمر للمصانع واعادة 

                                                                                                .استخدام المياه مرة اخري

محطة الصرف  ،الطيف  ،ازالة ايونات الكبريتات ،  ازالة ايونات الكالسيومالكلمات المفتاحية : 

            الصناعي لألسمدة
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1. Introduction  

A supply of clean water is an essential requirement for the establishment and 

maintenance of diverse human aquatic life and irrigation for agriculture 

production. Without water, life cannot exist, so its abundance on the planet 

(approximately 71% of the Earth’s surface is made up of water), make it a 

crucial resource for plants, animals, and human beings. Due to massive 

worldwide increase in the human population, water will become one of the 

scarcest resources in the 21st century. As human numbers increase, greater 

strains will be placed on available resources and pose even greater threat to 

environmental sources. A large part of the water is used for industrial operations 

and due to the importance of water and the need to conserve it, we had to find 

appropriate ways to treat industrial wastewater resulting from production 

processes. The agricultural fertilizer industry, particularly potassium sulphate 

(K2SO4) which produced from the reaction of potassium chloride (KCl) salt 

with concentrated sulfuric acid (H2SO4) also, calcium chloride (CaCl2) which 

produced from the reaction of calcium carbonate (CaCO3) with hydrochloric 

acid (HCl) are Water-consuming industries, resulting in a large amount of 

industrial wastewater to be treated and reused again [One-Two]. One of the 

most important problems facing wastewater treatment in such industry is the 

presence of wastewater rich in sulphate ions as a product of industrial processes 

for the production of potassium sulfate and another rich in calcium ions as a 

product of industrial processes for the production of calcium chloride, leading to 

the formation of calcium sulfate (CaSO4) and due to its solidity, it causes an 

obstacle to get rid of it, extra effort, high cost, disruption of the station and 

stopping production factories [Three].For this reason, the present research work 

proposes to solve this problem by separating industrial wastewater sources from 

both plants and treating them using prepared chelators enabled us to separate the 

required ions by creating an easy-to-separate deposit as shown in figure (One). 

These chelators were prepared and characterized using several techniques. 

Then, different experimental parameters were studied to arrive at the optimal 

conditions for calcium and sulphate removal [Four]. 
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Figure 1 New technology for the treatment of industrial wastewater in fertilizer plant 
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2. Experimental 

2.1 Materials 

Ethylene diamine (purity) ≥ 99% w/w, ethyl acetoacetate (purity) ≥ 99% w/w, 

ethanol (purity) ≥ 97%, were obtained from BDH chemicals, England. citric 

acid, oxalic acid (anhydrous), sulfuric acid (purity) ≥ 98% were purchased high 

analytical grade from local market, Piochem, Egypt. 

2.2 Instrumentation 

Several analyses were done for the organic chelators and their metal chelates 

such as elemental analysis, UV VIS spectra were recorded at 200 – 700 nm 

using a 3-5 mm quartz holder using the specord S-600 spectrophotometer 

(Analytik jena AG),1H-NMR spectroscopy was done by using Varian NMR – 

300 models. Infrared spectroscopy was recorded at accumulation 16 with 

resolution 4 cm-1. Mass spectroscopy (DI Analysis shimadzu Qp -2010 plus) 

was done at event time 0.50 sec. and scan speed 769 at range (50-400) mass to 

charge ratio of one or more molecules in the sample (m/z). Thermal analysis 

was done for the formed precipitate by using DTG-60H at temperature rate hold 

200 C0.   

  2.3 Synthesis 

2.3.1 Preparation of chelator (One) 

Chelator (One) was prepared by addition of One mole of ethyl acetoacetate 

slowly to Three moles of ethylene diamine under agitation at room temperature 

for Two hours. Ethyl acetoacetate is an ethyl ester resulting from the formal 

condensation of the carboxyl group of aceto acetic acid with ethanol. It appears 

as colorless liquid with a fruity odor [Five]. it was reacted with ethylene 

diamine to form chelator (One) called N- substituted amino butyric acid ester. 

The reaction between the ethyl acetoacetate and the amino compound a quantity 
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of these components may be brought together at the same time in the presence 

of inert solvent or alternately one of the reaction components may be added 

slowly to the other component with stirring. This reaction carried out at room 

temperature as a certain amount of heat is generated when the individual 

reaction components are brought together so that it is not necessary to supply 

heat to the reaction mixture [Six].  The mechanism of the reaction is represented 

by Scheme (One)  

 

 

 

 

 

Scheme (One): - Chelator (One) 

 (1Z,3E)-N, N'-bis(2-aminoethyl)-3-(2-aminoethyl) imino) butanimidamide 

6N24H10Chemical Formula: C 

Exact Mass: 228.21 

Molecular Weight: 228.34 

m/z: 228.21 (100.0%), 229.21 (10.8%), 229.20 (2.2%) 

Elemental Analysis: C, 52.60; H, 10.59; N, 36.80 
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Color: yellowish white 

Yield: 90 %.  

FT-IR (KBr, , cm-1): 3360 – 3297 (NH2), 3150 (NH), 1590 (C=CH) and 1608 (C=N) 

1H NMR (400 MHz, DMSO-d6, δ, ppm): ᵹ = 7.0 and 7.2 ppm (NH2), 3.4 ppm (CH2-N=C), 

3.2 and 1.8 ppm (-CH2-NH), 2.5 ppm  

(-CH2-NH2) and 6.2 ppm (-CH=C). 

MS (EI, m/z (%)):55(C2H3N2),69(C2H3N3), 71(C2H5N3), 96(C4H6N3 ),155(C5H11N5 

),193(C7H11N6 )and 228(C10H24N6).  

Anal. calcd. for C10H24N6: C, 52.60; H, 10.59; N, 36.80.  

UV/Vis ( λmax, nm, ()): 330 (4.62), 302 (4.47). 

 

2.3.2 Preparation of chelator (Two) 

Chelator (Two) was prepared from the reaction of One mole of tri-ethyl citrate 

with Three moles of ethylene diamine then refluxed for one hour under agitation 

at 120 C0 [Seven]. Tri-ethyl citrate was prepared by esterification of citric acid 

with ethanol in the presence of five drops of conc. H2SO4 at 110 C0 to form tri-

ethyl citrate via mono-ethyl and di-ethyl citrate. the kinetics of ethanol 

esterification to form diethyl citrate then tri-ethyl citrate reaction limit the 

overall tri-ethyl citrate formation rate as citric acid and mono-ethyl citrate are 

esterified rapidly to their equilibrium compositions. Higher temperature leads to 

faster reaction kinetics but significantly increase the production of the undesired 

by product di-ethyl citrate so, it is necessary to control the reaction temperature 

in the range of 70-110°C [Eight]. The mechanism of the reaction is represented 

by scheme (Two). 
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Scheme (Two): - chelator (Two) 

N1, N2, N3-tris(2-aminoethyl)-2-hydroxypropane-1,2,3-tricarboxamide 

Chemical Formula: C12H26N6O4 

Exact Mass: 318.20 

Molecular Weight: 318.38 

m/z: 318.20 (100.0%), 319.20 (13.0%), 319.20 (2.2%) 

Elemental Analysis: C, 45.27; H, 8.23; N, 26.40; O, 20.1 

Color: white          

Yield: 85 %.  

FT-IR (KBr, , cm-1): 3320 - 3225(NH2), 3170(NH), 1610(C=O) and 1387(CH2CO) 

1H NMR (400 MHz, DMSO-d6, δ, ppm): ᵹ = 6.7 and 7.2 ppm (NH2), 1.03 ppm (-CH2), 3.7 

and 3.3 ppm (–NH-CH2) and 2.7 ppm  

(-CH2-NH2).  

MS (EI, m/z (%)):59 (C2H7N2),71 (C3H7N2), 98 (C5H10N2), 150 (C5H14N2O3),225 

(C5H17N6O4),280 (C9H24N6O4) and 318 (C12H26N6O4). 

Anal. calcd. for C12H26N6O4: C, 45.27; H, 8.23; N, 26.40; O, 20.1.  

UV/Vis (,λmax, nm, ()): 280 (3.62), 312 (4.02). 

2.3.3 Preparation of chelator (Three) 
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Chelator (Two) was prepared from the reaction of One mole of di-ethyl citrate 

with Two moles of ethylene diamine then refluxed one hour under agitation at 

120 C0 [Nine]. di-ethyl oxalate was prepared by esterification of oxalic acid 

with ethanol in the presence of five drops of conc. H2SO4 at 110 C0. The 

production of diethyl oxalate from dewatering of ethanol through azeotropic 

process followed by distillation to remove reactant water. After the reaction 

proceed to the end point of primary esterification, the temperature has been 

reduced to proceed secondary esterification to obtain di-ethyl oxalate [10]. The 

reaction mechanism is shown in scheme (Three) 

 

 

 

 

 

 

 

 

Scheme (Three): - chelator (Three) 

N1, N2-bis(2-aminoethyl) oxalamide 

Chemical Formula: C6H14N4O2 

Exact Mass: 174.11 

Molecular Weight: 174.20 

m/z: 174.11 (100.0%), 175.12 (6.5%), 175.11 (1.5%) 

Elemental Analysis: C, 41.37; H, 8.10; N, 32.16; O, 18.37 
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Color: Pale yellow      

Yield: 92 %.  

FT-IR (KBr, , cm-1): 3332 (NH2), 3292 (NH) and 1645 (C=O). 

1H NMR (400 MHz, DMSO-d6, δ, ppm): ᵹ = 6.4 and 7.1 ppm (NH2), 2.5-2.7 ppm (-CH2-

NH2) and 3.6-4.0 ppm (-NH-CH2-).  

MS (EI, m/z (%)):59(C2H7N2),71 (C3H7N2), 87(C3H7N2O), 94(C3H14N2O),122 

(C3H14N4O),150 (C4H14N4O2) and 174(C6H14N4O2)   

Anal. calcd. for C6H14N4O2: C, 41.37; H, 8.10; N, 32.16; O, 18.37 

UV/Vis (,λmax, nm, ()): 140 (2.92), 170 (3.02). 

2.4 Characterization of the prepared chelators  

Several analysis was carried out to characterize the prepared organic chelators. 

Infrared analysis was done to detect the functional groups and 1H-NMR was 

done to get the number of protons present and their environments to have a clear 

view of the chemical and physical properties, and by applying UV VIS, spectra 

to detect (π        π *, n       π*, 𝞼       π*) transitions we can be identified the 

prepared chelators. Also mass spectroscopy was done to detect the molecular 

weight for the prepared chelators. 

3. Reactivity of three chelators (One), (Two) and (Three) 

The activity of prepared chelators in removing calcium and sulphate ions was 

studied by preparing two samples containing excess of calcium and sulphate 

similar to industrial wastewater samples in the fertilizer plant. The first sample 

was prepared by dissolving 100 g of calcium chloride CaCl2 powder in 30 ml 

water to have a solution containing 110 ppm of calcium ions. the solution was 

stirred constantly at 150 rpm and 25 C0 with (One mole) of each chelator. The 

reaction was run for Two hours. prior to analysis, 10 ML of the suspension for 

each chelator was withdrawn and centrifuged for Five min and the absorbance 

was measured in 360 nm by using a calibrated UV spectrophotometer [11]. The 

second sample was prepared by dissolving 31.2 g of Aluminum sulfate 
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Al2(So4)3 in 30 ml water to have a solution containing 110 ppm of sulphate ions. 

As the same for the first sample, the solution was stirred constantly at 150 rpm 

and 25 C0 with (One mole) of each chelator. The removal efficiency of calcium 

and sulphate ions was estimated by applying the following equations: 

Removal % = (A0 – A)/ (A0) × 100 

Where A0 and A are chelator (before reaction) and sample absorbance, 

respectively. Based on Beer-Lambert law A0 and A are proportional to C0 and C 

where C0 and C are the concentration of chelator and sample at t time [12].                                                                                                                                                                                             

4 Results and discussion 

4.1 Analysis and Characterization of the prepared chelators 

The chemical structures of the prepared new organic chelators were investigated 

by the following analysis 

4.1.1 Infrared spectroscopy 

 The IR spectra for the prepared chelator (One) showed an absorption bands 

confirmed its structure where it showed an absorption band at (3360 cm-1 and 

3297 cm-1) related to terminal (NH2) group of ethylene diamine, an absorption 

band at 3150 cm-1 related to (NH) group of ethylene diamine. Another 

absorption band was observed at 1590 cm-1 assigned to (C=CH), also another 

band was appeared at 1608 cm-1 corresponded to (C=N) [13-14]. The IR 

spectrum of chelator (One) are presented in figure (Two). However, the IR 

spectra for chelator (Two) showed an absorption band at 3643 cm-1 assigned to 

(OH) group of citric acid. Another absorption bands appeared at 3320 and 3225 

cm-1 corresponded to (NH2) group of ethylene diamine, an absorption band was 

observed at 3170 cm-1 due to other (NH) group of ethylene diamine, however 

the absorption band appeared at 1610 cm-1 was related to(C=O) of amide group. 

Another absorption band observed at 1387 cm-1 assigned to (CH2CO) group 

confirmed the chemical composition of the prepared chelator as shown in 
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scheme (Two). The IR spectrum of chelator (Two) was shown in figure 

(Three). Finally, The IR spectra for the third prepared chelator showed an 

absorption band at 3332 cm-1 assigned to (NH2) group. Another band was 

observed at 3292 cm-1 corresponded to (NH) group, however, the band observed 

at 1645 cm-1 was due to (C=O) group confirmed the chemical structure of the 

prepared chelator as shown in scheme (Three) [15]. The IR spectrum of chelator 

(Three) are presented in figure (Four). 

4.1.2 1H-NMR spectra for the prepared chelators 

The chemical structure for the chelator (One) was identified by 1H-NMR 

spectroscopy as the spectrum showed peak at ᵹ = 7.0 and 7.2 ppm related to 

both terminal (cis) and terminal (trans) (NH2) respectively. The protons of 

ethylene diamine were appeared at 3.4 ppm, and the protons of (CH2-N=C) 

appeared at 3.2 ppm. another peak at 1.8 ppm related to (-CH2-NH) and 2.5 ppm 

for (-CH2-NH2). Finally, the (-CH=C) protons were appeared at 6.2 ppm [16]. 

The 1H-NMR spectra was shown in figure (Five). However, the chemical 

structure of chelator (Two) was confirmed by 1H-NMR spectroscopy as the 

spectrum showed peaks at ᵹ = 6.7 ppm and 7.2 ppm related to (NH2) group. The 

(-CH2) protons were appeared at 1.03 ppm, however the (–NH-CH2) protons 

appeared at 3.7 ppm. Also the protons of (-CH2-NH2) and (-CH2-NH-) appeared 

at 2.7 and 3.3 ppm. The 1H-NMR spectra was presented in figure (Six). 

However, the chemical structure of chelator (Three) was identified by1H-NMR 

spectroscopy as the spectrum showed peaks at 6.4 and 7.1 ppm was due to 

terminal NH2 group. The protons of (-CH2-NH2) and (-NH-CH2-) appeared at 

2.7, 2.5, 3.6 and 4.0 ppm respectively [17-18]. The 1H-NMR spectra are 

presented in figure (Seven). 
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4.1.3 Mass spectrum for the prepared chelators  

The mass spectrum of chelator (One) showed a molecular ion peak at (mass to 

charge ratio) m/z = 228 amu (atomic mass unit), confirmed its formula weight  

(F.W. 228.20). The mass fragmentation patterns are observed at m/z = 55, 69, 

71, 96, 142, 155, 193 and 228 amu, corresponded to C2H3N2, C2H3N3, C2H5N3, 

C4H6N3, C4H10N5, C5H11N5, C7H11N6 and C10H24N6 respectively, supported the 

suggested structure [19]. The mass spectrum of chelator (One) was presented in 

figure (Eight). However, the mass spectrum of chelator (Two) showed a 

molecular ion peak at m/z = 318 amu, confirmed its formula weight (F.W. 

318.21). The mass fragments were observed at 59, 71, 98, 150, 225, 280 and 

318 amu related to C2H7N2, C3H7N2, C5H10N2, C5H14N2O3, C5H17N6O4, 

C9H24N6O4 and C12H26N6O4 respectively, confirmed the suggested structure. 

The mass spectrum is shown in figure (Nine). Also, the mass spectrum of 

chelator (Three) showed a molecular ion peak at m/z= 174 amu, confirmed its 

formula weight (F.W 174.11). the mass fragments were observed at 59, 71, 87, 

94, 122, 150 and 174 amu. Corresponded to C2H7N2, C3H7N2, C3H7N2O, 

C3H14N2O, C3H14N4O, C4H14N4O2 and C6H14N4O2 respectively, supported its 

structure. The mass spectrum is shown in figure (10).  

 

4.2 characterization of the formed chelates 

The removal of calcium and sulphate ions using the prepared chelators was 

studied over a wide range of initial concentration from 30 to 300 ppm which 

showed variation of calcium and sulphate ions concentration for each chelator. 

Removal efficiency of calcium and sulphate ions decreased with increasing their 

concentration for all chelators due to the formation of metal chelates and the 

consumption of the chelator in the reaction. This can be explained in the terms 

of the saturation of the used chelators where the high chelators dose in solution 
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would result in higher calcium and sulfate removal. The chemical structures of 

the formed metal chelate were confirmed using the following analysis. 

 

4.2.1 Infrared spectroscopy for the formed precipitate 

IR spectroscopy of calcium chelate formed from interaction of chelator (One) 

with the sample containing excess calcium showed absorption band at 3433 cm-

1 related to (NH2) group, another band was observed at 3215 cm-1 related to 

(NH). The band appeared at 1634 cm-1 was due to (C=N) and another band at 

1450 cm-1 related to (C=CH). New band at 593 cm-1 related to (Ca-N) and 

another band observed at 409 cm-1 corresponded to (Ca-Cl) confirmed its 

structure [13]. However, Sulphate chelate formed from interaction of chelator 

(One) with the sample containing excess sulphate showed absorption band at 

3443 cm-1 related to (NH2), and another band observed at 3225 cm-1 related to 

(NH). The band at 1636 cm-1 corresponded to (C=N), and the band at 1523 cm-1 

related to (C=CH), and the band appeared at 616 cm-1 corresponded to (Al-N) 

and bands appeared at 1175, 1111, 984 and 690 cm-1 corresponded to (Al-SO4) 

confirmed its composition. On the other side, The IR spectrum of calcium 

chelate with chelator (Two) showed an absorption band at 3414 cm-1 related to 

(NH2), another band at 3230 cm-1 related to (NH). however, the bands appeared 

at 1636 and 1470 cm-1 corresponded to (C=N) and (CH=C) respectively. The 

new bands observed at 588 and 410 cm-1 were due to (Ca-N) and (Ca-Cl) 

respectively, confirmed its structure. However, sulphate chelate showed an 

absorption bands at 3450, 3230, 1637 and 1510 cm-1, corresponded to (NH2), 

(NH), (C=N), and (CH=C) respectively. The new bands appeared at 618, 1118, 

1027, 980 and 670 cm-1 were due to (Al-N) and (SO4) respectively, confirmed 

its structure. finally, the IR spectrum of calcium chelate with chelator (Three) 

showed an absorption bands at 3430, 3250 and 1640 cm-1, corresponded to 
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(NH2), (NH) and (C=O) groups respectively. The new bands appeared at 603 

and 425 cm-1 were due to (Ca-N) and (Ca-Cl) respectively, confirmed its 

composition. However, sulphate chelate with chelator (3) showed an absorption 

bands at 3443, 3300 and 1638 cm-1 corresponded to (NH2), (NH) and (C=O) 

groups respectively, however, the new bands appeared at 616, 1160, 1107, 985 

and 675 cm-1 were due to (Ca-N) and (SO4) groups respectively, confirmed its 

structure [14]. The IR spectroscopy was shown in figures (11), (12), (13), (14), 

(15) and (16).  

 

4.2.2 1H-NMR spectra for the formed precipitate  

The1H-NMR of calcium chelate formed from interaction of chelator (One) with 

the sample containing excess calcium showed peaks at 6.82 and 7.0 ppm were 

due to the protons of terminal (cis) and (trans) NH2 group. The peaks appeared 

at 2.61 and 2.16 ppm, corresponded to the protons of (-CH2-NH2) group and the 

CH2 protons of ethylenediamine skeleton appeared at 3.37 ppm. The peaks 

observed at 3.17, 1.78, 2.43 and 4.0 ppm, were due to the protons of (CH2-

N=C), (CH2-NH), (CH2-NH2), (CH3-C=N) and (CH=C) respectively, confirmed 

its structure. However, the spectrum of sulphate chelate formed from interaction 

of chelator (1) with the sample containing excess sulphate showed peaks at 6.71 

and 6.92 ppm corresponded to the protons of terminal (cis) and (trans) NH2 

group. The peaks observed at 2.51 and 2.2 ppm, corresponded to protons of (-

CH2-NH2) group and the (CH2) protons of ethylenediamine skeleton appeared 

at 3.8 ppm. The peaks observed at 3.3, 3.42, 1.2 and 4.3 ppm, were due to 

protons of (CH2-N=C), (CH2-NH), (CH3-C=N) and (CH=C) respectively, 

confirmed its composition. On the other side, the 1H-NMR of calcium chelate 

with chelator (Two) showed peaks at 3.68 and 3.86 ppm were due to the protons 

of terminal (cis) and (trans) NH2 group. The peaks appeared at 2.45 and 2.71 
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ppm, corresponded to the protons of (-CH2-NH2) group and the CH2 protons of 

ethylenediamine skeleton appeared at 3.34 ppm. the peaks observed at 3.4, 3.6, 

0.98 and 1.12 ppm were due to the protons of (CH2-C-NH), (HO-C-C), (C2H5-

O), and (CH2-CO-N) respectively, confirmed its structure. However, the 

spectrum of sulphate precipitate showed peaks at 6.2 and 5.8 ppm corresponded 

to protons of terminal (cis) and (trans) NH2 group. The peaks observed at 0.9 

and 1.2 ppm corresponded to protons of (-CH2-NH2) group and the CH2 protons 

of ethylenediamine skeleton appeared at 3.4 ppm. The peaks observed at 2.2, 

2.4, 2.8 and 3.2 were due to protons of (CH2-C-NH), (OH-C-C), (C2H5-O) and 

(CH2-CO-N) respectively. Also, the 1H-NMR of calcium chelate with chelator 

(Three) showed peaks at 4.28 and 4.16 ppm were due to the protons of terminal 

(cis) and (trans) NH2 group. The peaks appeared at 2.4 and 2.6 ppm, 

corresponded to the protons of (-CH2-NH2) group and the CH2 protons of 

ethylenediamine skeleton appeared at 3.76 ppm. The peaks observed at 0.98, 

3.18, 3.58 and 3.72 ppm were due to the protons of (CH2-NH-C), (CO-NH), (C-

C=O) and (CH2-NH2) respectively, confirmed its structure. However, the 

spectrum of sulphate chelate showed peaks at 8.85 and 8.2 ppm corresponded to 

protons of terminal (cis) and (trans) NH2 group. The peaks observed at 4.4 and 

3.12 ppm corresponded to protons of (-CH2-NH2) group and the CH2 protons of 

ethylenediamine skeleton appeared at 3.28 ppm. The peaks observed at 1.0, 

1.28, 1.6 and 2.4 ppm were due to protons of (CH2-NH-C), (CO-NH), (CO-C) 

and (CH2-NH2) respectively, confirmed its composition [15-16]. The1H-NMR 

was shown in figures (17), (18), (19), (20), (21) and (22). 
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4.2.3 Mass spectrum for the formed precipitate 

The Mass spectrum of sulphate chelate formed from interaction of chelator 

(One) with the sample containing excess sulphate showed the molecular ion 

peak at m/z = 337 amu, confirmed its formula weight (F.W. 337.38). the mass 

fragmentation patterns observed at m/z = 54, 57, 71, 84, 122, 138, 157, 256 and 

337 amu, corresponded to C2H2N2, C2H5N2, C2H5N3, C3H6N3, C4H7N3, C6H8N3, 

C6H10N4, C7H17N4, C10H16N4O4 and C10H22N4O5Al-S respectively [17]. 

However, the mass spectrum of sulphate chelate with chelator (Two) showed 

the molecular ion peak at m/z = 426 amu, confirmed its formula weight (F.W.  

426.56). the mass fragmentation patterns observed at m/z = 55, 70, 85, 129, 213, 

350 and 426 amu, corresponded to C2H3N2, C3H6N2, C4H9N2, C5H11N3O, 

C8H13N4O3, C12H22N4O8 and C12H23N4O9Al-S] respectively. On the other side, 

the mass spectrum of sulphate chelate with chelator (Three) showed the 

molecular ion peak at m/z = 315 amu, confirmed its formula weight (F.W. 

315.43). the mass fragmentation patterns observed at m/z = 58, 75, 95, 125, 149, 

197, 245 and 315 amu corresponded to C2H6N2, C3H11N2, C3H17N3, C3H17N4O, 

C5H17N4O, C5H17N4O4, C6H17N4O7 and C6H17N4O7Al-S respectively [18]. The 

Mass spectrum was shown in figures (23), (24) and (25). 

 

4.2.4 Thermal analysis (DTA and TGA) for the formed precipitate 

The thermal data of calcium and sulphate chelates with chelators (One), (Two) 

and (Three) are listed in table (1, A), (1, B) and (1, C) and represented by 

figures (26), (27), (28), (29), (30) and (31). Calcium and sulphate chelates with 

three chelators showed in the first step broken of H-bonding accompanied with 

endothermic peak observed at 38-55 C0 range [20]. In the second step, hydrated 

and coordinated water molecules were lost endothermically with a peak 

observed at 60-148 C0 range, however, calcium chelates showed endothermic 
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peak at 140-170 C0 range. Finally, calcium and sulphate showed stability up to 

200 C0 [21]. 

Table (1, A): - Calcium and sulphate chelates with chelator (One) 

Formed 

precipitate 

Temp. 

range 

Type of 

reaction 
Temp. Action occur  

Ca-ppt. of 

chelator (1) 

40-50 

C0 

Endothermic 

Calc. F. Broking of H-bonding 

70-130 

C0  
34.68 35.0 Loss of 10 Hydrated H2O 

160 C0   Loss of 2 chloride atm. 

Sulphate ppt. 

of chelator (1) 

45-50 

C0  
Endothermic 

Calc. F. Broken of H-bonding 

75-135 

C0 
36.92 36.0 

Loss of 12 Hydrated H2O + 1 H2O 

coordinated water molecules 

Stable up to 200 C0  

 

Table (1, B): - Calcium and sulphate chelates with chelator (2) 

Formed 

precipitate 

Temp. 

range 

Type of 

reaction 
Temp. Action occur  

Ca-ppt. of 

chelator (2) 

46-55 

C0 

Endothermic 

Calc. F. Broking of H-bonding 

65-140 

C0  
31.82 32.0 

Loss of 12 Hydrated H2O +2 H2O 

coordinated water molecules 

145-

160 C0 
26.29 26.0 Loss of coordinated 4 chloride atm. 

Sulphate ppt. 

of chelator (2) 

40-50 

C0  
Endothermic 

- - Broken of H-bonding 

50-135 

C0 
41.37 42.0 

Loss of 18 Hydrated H2O + 2 H2O 

coordinated water molecules 

Stable up to 200 C0  
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Table (1, C): - Calcium and sulphate chelates with chelator (3) 

Formed 

precipitate 

Temp. 

range 

Type of 

reaction 
Temp. Action occur  

Ca-ppt. of 

chelator (3) 

38-50 

C0 

Endothermic 

Calc. F. Broking of H-bonding 

65-125 

C0  
43.54 43.6 

Loss of 15 Hydrated H2O +2 H2O 

coordinated water molecules 

140-

155 C0 
17.93 18.0 Loss of coordinated 2 chloride atm. 

162-

170 C0  
21.84 21.5 Loss of coordinated 2 chloride atm. 

Sulphate ppt. 

of chelator (2) 

38-50 

C0  

Endothermic 

Calc. F. Broken of H-bonding 

65-148 

C0 
48.53 48.0 

Loss of 18 Hydrated H2O + 4 H2O 

coordinated water molecules 

 

Stable up to 200 C0  
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5. Conclusions 

In this article, we prepared three organic chelators based on ethylene diamine. 

The prepared chelators was improvement of the efficiency of calcium and 

sulphate removal without any problems may be caused by calcium sulphate 

formation or stopping the production process in fertilizer industry. A study 

provided solutions to problems of calcium sulfate formation for its extreme 

hardness and bad effect on industrial equipment and pumps. From our result, we 

found the next. 

. The chemical structure as per expected and purity of prepared compound is 

logic. 

. The result of calcium and sulphate removal using the prepared chelators is 

good result. 

. Using the new prepared chelators helped us to remove calcium and sulfate 

from wastewater across the formation of soft metal chelates which can be easily 

filtrated via press filter without causing the filter pores to be blocked. 

. Using the new prepared chelators is an economic addition to fertilizer 

factories, saving time and effort. 
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Supplementary Materials 
 

 

Figure (2) :- IR  spectrum for chelator (1) 

 

Figure (3) :- IR spectrum for chelator (2) 

 

Figure (4) :- IR spectrum for chelator (3) 

 

Figure (5) - 1H-NMR spectra for chelator (1) 

 

Figure (6) :- 1H-NMR spectra for chelator (2) 
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Figure (7) :- 1H-NMR spectra for chelator (3) 

 

Figure (8) :- mass spectrum for chelator (1) 

 
 

Figure (9) :- mass spectrum of chelator (2) 

 

Figure (10) :- mass spectrum of chelator (3) 
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Figure (11) IR of calcium chelates with chelator (1) 

+  

Figure (12) IR of sulphate chelates with chelator (1) 

 

Figure (13) IR of calcium chelates with chelator (2) 

 

Figure (14) IR of sulphate chelates with chelator (2) 

 

Figure (15) IR of calcium chelates with chelator (3) 

 
 

Figure (16) IR of sulphate chelates with chelator (3) 
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Figure (17)1H-NMR of calcium chelates with chelator (1) 

 

Figure (18)1H-NMR of sulphate chelates with chelator (1) 

 
 

Figure (19) 1H-NMR of calcium chelates with chelator (2) 

 
 

Figure (20) 1H-NMR of sulphate chelates with chelator (2) 

 
 

Figure (21) 1H-NMR of calcium chelates with chelator (3) 
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+  

 

Figure (22) 1H-NMR of sulphate chelates with chelator (3) 

 
 

Figure (23) Mass spectrum of sulphate chelates with chelator (1) 
 

 
 

Figure (24) Mass spectrum of sulphate chelates with chelator (2) 
 

 

Figure (25) Mass spectrum of sulphate chelates with chelator (3)     
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Figure (26) Thermal analysis of calcium chelates with chelator (1) 
 

            

            
Figure (27) Thermal analysis of sulphate chelates with chelator (1) 

 
 



 

28 
 

              

            
Figure (28) Thermal analysis of calcium chelates with chelator (2) 

 

 
 
 

              

    

 
Figure (29)Thermal analysis of sulphate chelates with chelator (2) 
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Figure (30) Thermal analysis of calcium chelates with chelator (3) 

 

 

 

               

               

 
Figure (31) Thermal analysis of sulphate chelates with chelator (3) 
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