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ABSTRACT 

 

 Egypt has different types of rock phosphate in their mines used in agricultural activities as a source of 

phosphate fertilizers. This work evaluated different Egyptian sources from the advantages and disadvantages 

point of view. According to the wide applications of these types in Egyptian agricultural lands, phosphate rocks 

(PRs) were divided into three groups, the 1
st
 (GI) is El-sebaiya (Nile Valley) group, the 2

nd
 (GII) is Safaga (Red 

Sea, Hamraween) group and the 3
rd

 (GIII) contain other types such as Abu-tartur (Western Desert) and Oroba 

(Nile Valley) types. Different chemical and physical characterizations of these groups and phosphate desorption 

from the raw materials of these types were analyzed. The obtained results showed that Egyptian types of PRs 

have a significant variation in their potential toxic elements PTEs contents, total and available P and other 

chemical characterizations studied such as EC – pH and CaCO3. According to kinetic study used, the variations 

in kinetic parameters in different types concluded that phosphate retained in raw materials with different forces 

represent variation in P bioavailability. Hamraween types showed the highest contents and availability of 

phosphate desorbed in kinetic study, while the Abu-tartur type had the lowest. Correlation analysis was 

conducted to identify about the most factors controlled P release from such mineral deposits.  

 

Key words: Phosphate rock in Egypt, physical and chemical characterization, phosphate release kinetics. 

 

Introduction 

 

 Sustainable agriculture is vital in today’s world as it offers the potential to meet our agricultural needs, 

something that conventional agriculture fails to do (Singh et al., 2011). In order to ensure food security in 

developing countries, there is a need for the sustainable intensification of agricultural production systems 

towards supporting productivity gains and income generation. Phosphorus (P) is one of essential macronutrients 

for higher plants and animals. Phosphate material is very insoluble in alkali soils like those of Egypt; therefore, 

in original state it is practically unavailable as a plant nutrient source (FAO. 2004 and IAEA, 1973). The 

appropriate and sound utilization of phosphate rocks (PRs) as source of P can contribute to sustainable 

agricultural intensification, particularly in developing countries endowed with PR resources. 

 Phosphate Rock (PR) is a general term used to describe phosphate-bearing minerals. PR is a finite, 

nonrenewable natural resource. Geological deposits of different origin are found throughout the world 

(Edixhoven et al., 2013). Currently, few PR deposits are mined, and about 90 percent of world PR production is 

utilized by the fertilizer industry to manufacture P fertilizers, with the remainder being used to manufacture 

animal feeds, detergents and chemicals. However, many PR’s deposits located in tropics and subtropics have not 

been developed. One reason is that the characteristics of these PRs, though the suitability of direct application, 

do not meet the standards required for producing water-soluble P (WSP) fertilizers using conventional industrial 

processing technology. 

 Different types of phosphate rocks have widely differing mineralogical, chemical and textural 

characteristics. While there are more than 200 known phosphate minerals, the main mineral group of phosphates 

is the apatite group. Calcium-phosphates of the apatite group are mainly found in primary environments (in 

sedimentary, metamorphic and igneous rocks) but also in weathering environments.  

 Factors influencing the agronomic effectiveness of PRs are: the reactivity of the PR, soil properties, climate 

conditions, crop species and management practices. High carbonate substitution for phosphate in the apatite 

crystal structure, low content of calcium carbonate as accessory mineral and fine particle size exist led to 

increase the reactivity of PRs and their agronomic effectiveness (FAO. 2004). 

 Rapid chemical tests are available to measure the reactivity of PRs. Increasing soil acidity, high cation 

exchange capacity, low levels of calcium (Ca) and phosphate in solution and high organic matter content favor 

PR dissolution. High phosphate retention capacity of soils may facilitate dissolution of PR but the availability of 

dissolved P will depend on the concentration of phosphate maintained in solution. Soils of medium phosphate 

status are considered to be more suitable for PR application than severely phosphate-deficient soils. 

 Although there is a voluminous articles explained P bioavailability and factors controlled this 

bioavailability, a little dealt with qualitative and quantitative description of Egyptian PR. The purposes of the 
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current study were to investigate different characterization of PRs applied in Egyptian soils including solubility 

of these raw materials.  The following points were taken into consideration through the work: 

1- Studying the chemical and physical characteristics of different phosphate rock (PRs). 

2- Kinetic study aimed to evaluate P release characteristics from different phosphate rocks types (PRs). 

 

Materials and Methods 

 

 According to (FAO,2007) characterizations should be studied in phosphate rock (PRs) samples applied in 

soils are: (i) the composition of the apatite, other phosphate minerals and gangue minerals; (ii) the relative 

amounts of mineral species present (estimated); and (iii) the particle size of the various minerals in the rock 

fabric, etc. 

 

2.1 phosphate Rock types applied in Egyptian Agricultural soils: 

 

 Phosphate rock samples used in this study were collected from El Sebaiya (Nile Valley) 24 and 28 % P2O5, 

Safaga (Red Sea, Hamraween) 27 ,29 and 30% P2O5 , Oroba 24% P2O5  and Abu Tartur (Western Desert) 26% 

P2O5 representing four different commercial phosphate belts present in Egypt. 

 

2.2 Chemical, physical and mineralogical characterization of PRs applied in Egyptian soils: 

 

 The complete chemical analysis of phosphate rock samples were carried out on the powdered samples (-200 

mesh size) according to Shapiro and Brannock (1962). 

 The major oxides include SiO2, Al2O3, CaO, MgO, Na2O, K2O, MnO, TiO and Fe2O3 were analyzed while 

the trace elements were determined by the X-Ray fluorescence in the analysis and consulting unit, National 

Research Center (NRC) Egypt. Also some other potential toxic elements assumed to be found in the phosphate 

rock samples were determined by Flame atomic absorption spectrometry (FAAS). The determination of 

phosphorus was performed spectrophotometricaly; according (El-Gamal, 2007). 

 Particle size distribution was determined by pipette method as described by (Piper 1950). 

 PR (pH) was determined by using glass electrode pH-meter in (1:2.5) rock water suspension, (Jackson 

1973). 

 Electrical conductivity (EC) was measured using EC meter in paste as described by (Jackson 1973). 

 Available phosphorous was extracted with 0.5 N NaHCO3 solution adjusted at pH 8.5 and determined 

calorimetrically according to (Olsen et al., 1954). 

 

Results and Discussion 

 

3.1. Chemical Composition of the Used Phosphate Rock Samples: 

 

 Decisions to use PR directly in agricultural land without any previous treatments or chemical modification 

of PRs become a risky decision, in other words, application of such raw materials should be based on several 

factors included both those related to PRs applied, plant species and others related with soil types received such 

raw materials.   

 In this part, we tried to declare the relationship between analysis of the studied PR and the release and 

bioavailability of P2O5 through the recent approach applied in this field. Table (1) showed the major oxides, 

trace and rare element found in collected phosphate rock samples from the selected depositions in Egypt. In 

general CaO, SiO2 beside P2O5 were the most oxides forms found in the structure of these raw materials. 

Numerically, Calcium oxide values, the highest values of all components, in PR studied samples ranged 

between 43 and 52 %, the highest value was observed in red sea type compared to other types, followed by 

Oroba 48% meanwhile El-Sebaiya and Abu-Tartur almost take the same values in their CaO content. Phosphate 

oxide represents in the same table took almost the same trend of CaO in Red sea and Oroba types. Data also 

showed that Red Sea PR type had the highest content of P2O5 about 29% followed by Oroba and Abu-Tartur 

26%, El-Sebaiya type, however, had the lowest value 24%. 

 Silicate oxides was the third material found in the studied PRs. Data in the same Table showed that The 

highest content of silicate was observed in El-Sebaiya type about 15% of total this type content, followed by 

Oroba 9.5%, however, the chemical analysis of Abu-Tartur and Red sea showed the lowest values 5.5 and 4.7% 

of total content respectively. 

 Iron (III) oxide or ferric oxide is the inorganic compound with the formula Fe2O3. It is one of the three main 

oxides of iron. The studied PR contained a significant amount of this oxide ranged between 2.5 and 4% of total 

content, again Abu-Tartur and El-Sebaiya had about 4.4 and 3.2% of their total contents. Iron (III) oxide is often 

http://en.wikipedia.org/wiki/Inorganic_compound
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called rust, and to some extent this label is useful, because rust shares several properties and has a similar 

composition. To a chemist, rust is considered an ill-defined material, described as hydrated ferric oxide.  

 The chemical analysis of used PR showed that Abu-Tartur type contained about 7.4% Sulfur trioxide, a 

chemical compound of sulfur and oxygen, in contrast the other types had only low amounts ranged between 1.8 

to 2.3% of total contents. As mentioned in Wikipedia this species is a significant pollutant, being the primary 

agent in acid rain. It is prepared on massive scales as a precursor to sulfuric acid.  

   
Table 1: Major oxides and trace elements contents of phosphate rock samples used in soils. 

Main Constituents (wt,%) Oroba Abu-Tartur El-Sebaiya Red sea 

SiO 9.58 5.47 14.9 4.71 

TiO2 0.04 0.10 0.07 0.02 

Al2O3 0.72 1.54 0.98 0.41 

Fe2O3 2.47 4.41 3.17 2.52 

MnO 0.12 0.20 0.14 0.08 

MgO 0.23 0.78 0.33 0.18 

CaO 47.56 43.5 43.69 51.58 

Na2O 0.61 0.94 1.13 0.58 

K2O 0.06 0.21 0.08 0.04 

P2O5 26.05 25.88 23.54 28.39 

SO3 2.09 7.37 2.29 1.81 

F 2.59 2.53 1.76 2.88 

LOI 7.32 6.55 8.11 6.18 

Cr2O3 0.029 -- 0.021 0.033 

SrO 0.237 0.230 0.222 0.266 

BaO 0.081 -- 0.095 0.082 

 

 Fluorine in PR classified as hazardous waste should be removed from phosphatic fertilizer; Farmers in USA 

noticed it first… Something mysterious burned the peppers, burned the fruit, dwarfed and shriveled the grains, 

damaged everything that grew. Something in the air destroyed the crops. This pollutant was detected in the 

studied PR ranged between about 1.8 and 3% of total content, the highest value was observed in Red sea PR 

type and the lowest was found in El- Sebaiya type. 

 Chemical formulas of groups found in PR used in this study are representing in Table (2). As shown a wide 

variation was observed between the used types, for example, analysis showed that the types of minerals in 

Oroba type were carbonate, quartz, calcite and apatite. In El-Sebaiya types analysis the formula of groups found 

were for example Fluor apatite, strontian. In Abu-Tartur types beside the apatite and other minerals as shown in 

the table we can see the presence of Zeolite. The similarity also was almost observed in some cases represented 

in quartz, calcium carbonate phosphate hydroxide as an example, more details of the formulas of groups found 

in different types are present in Table 2.    

 This work is intended to focus on factors affecting P release from PRs available in Egypt. It’s well known 

that the fine particle distribution of applied fertilizer materials (Table 2), led to increase the rate of nutrient 

ion(s) release in soil system (Zaghloul, and Abou-Seeda .2003). Data in Table 3 represents the particle 

distribution of selected PR applied to Egyptian lands. All the studied types of PR available in market are in sand 

fraction, about 87-96% of used PR types were in sand fraction, the highest silt fraction was observed in Abu-

Tartur RP (about 9%), and meanwhile the lowest was observed in Hamraween. Worth to mention that Abu-

tartur PR type had the highest PR content in clay fraction (2.23%) and Hamraween PR type was the lowest in its 

content of fine fraction. The available data in this part will be tested in our perspective work related with PRs 

release from compost materials applied in new reclaimed areas. 

 

3.2 Chemical characterization of commercial phosphate rock used in Egyptian soil: 

 

 Table 4 showed the variations of pH in Egyptian PR used in agriculture soils, the observed values was 

ranged between pH 6.8 and 7.8. Data showed that the high pH value was in Red sea types i.e. Hamraween 1 (pH 

7.8) and the lowest values in Abu-Tartur type (pH 6.8), this result may due to the low contents of alkaline 

metals, the other species of Red Sea group have high pH values 7.77 and 7.66 for Hamraween 2 and 

Hamraween 3, respectively. 

 Electrical conductivity of suspended PR, as shown in the same table showed a general increase trend. Data 

showed that EC values ranged between 3 and 10 dS/m, the highest values observed in El-Sebaiya types (about 

10 and 6 dS/m), Oroba and Abu-Tartur had 4.5 and 6.5 dSm
-1,

 meanwhile, the Red sea types had the lowest 

values ranged between 3.2 and 4.6 dSm-1and we can concluded that Hamraween 3 had the lowest EC value 

compared to other types studied. 

 Beside other parameters, total phosphate content in used PR becomes an important parameter in selection of 

the type applied in cultivated soils. Phosphate contents in PR ranged between 24 and 32% P2O5 in the three 

groups, in El-Sebaiya types:  El-Sebaiya west was higher than El-Sebaiya east (about 24%), with this type we 

http://en.wikipedia.org/wiki/Rust
http://en.wikipedia.org/wiki/Sulfur_trioxide
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found that the 1
st
 group had high total CaCO3 content. In the Red sea types we get the same trend of having an 

increasing of total P in Hamraween 3 with decrease in CaCO3 content (32% P2O5 and 8.2% CaCO3), the other 

species we had Hamraween 1 with about 27% P2O5, 10.7% CaCO3 and Hamraween 2 with 28% P2O5 and about 

13% CaCO3. Although Oroba and Abu-Tatur types had low CaCO3 contents i.e. 10 and 4% respectively, their 

total P2O5 contents were less than the other types had high CaCO3 contents (28 and 25%). 

 

3.3 Total potential toxic elements in phosphate rocks used in Egyptian agricultural lands: 

 

 About 16 elements associated with phosphate rock and fertilizer is potentially hazardous to human health. 

The more common potentially hazardous elements found in phosphate rocks  include arsenic (As), cadmium 

(Cd), chromium (Cr), lead (Pb), selenium (Se), mercury (Hg),  uranium (U), and vanadium (V). In sufficient 

concentrations arsenic, cadmium, lead, mercury, and uranium are considered highly toxic when ingested and/or 

inhaled [Lewis, R. J. 1993]. When phosphate rocks are used as fertilizer (direct application) or as feedstocks to 

produce fertilizers, these potentially hazardous elements are entrained in processes and may be redistributed in 

products and byproducts. Ultimately, all or part of these elements are applied to the soil or must be managed as 

wastes, such as phosphatic tailings and phosphogypsum.   

 Composition of phosphate rock largely depends on its type and origin. Sedimentary rocks contain high 

concentration of heavy elements (rare earth elements), etc. along with environment polluting elements: Cd, As, 

Pb, V, Cr, Zn, Cu, Ni, etc. The amounts of these hazardous elements vary widely not only among various 

phosphate rock sources but also even in the same deposit. As there is currently no commercial means of 

removing these pollutants completely during fertilizer manufacturing process, the only control is to use 

relatively cleaner phosphate rock to make fertilizer. 

 As shown in Table (5) that represents total potential toxic elements in the studied phosphate rock, the 

concentrations of Zn in different types become the highest pollutant in PR types. It ranged between 128-320 

ppm in different types, the Red sea types becomes the 1
st
 in their Zn content and Hamraween 3 had about 320 

ppm Zn, followed by Hamraween 2 (306 ppm) and the lowest was Hamraween 1 (266 ppm). By this, it could be 

seen that the relation between increasing of Zn concentration with increasing phosphate concentration in PR.  

Following the Red sea type's data showed found El-Sebaiya types get in the 2
nd

 after the Red sea types with 

concentrations 216 and 200 ppm for El-Sebaiya east and El-Sebaiya west respectively. In other types we found 

that Abu-Tartur had the lowest value (about 129 ppm) and Oroba species reached to about 300 ppm.  

 
Table 2: 

PR Types Mineral name Chemical formula Compound name 

Oroba Carbonate-fluorapatite Ca9.55 ( PO4 )4.96F1.96 ( CO3 )1.283 Calcium Phosphate Fluoride Carbonate 

Quartz low O2Si1 Quartz low 

Calcite Ca ( CO3 ) Calcium Carbonate 

Apatite-(CaOH,CaF) H0.8Ca5F0.2O12.8P3 Apatite-(CaOH,CaF) 

Carbonate-fluorapatite C0.53Ca9.74F2.05O23.39P5.45 Carbonate-fluorapatite 

El-Sebaiya 
types 

Fluorapatite, strontian ( Ca9.37Sr.63 ) ( PO4 )6F2 Calcium Strontium Phosphate Fluoride 

Quartz α, α-Si O2 SiO2 Silicon Oxide 

Apatite-(CaF) (Sr-containing) Ca8.83F2O24P6Sr1.17 Apatite-(CaF) (Sr-containing) 

Fluorellestadite, syn Ca10 ( SiO4 )3 ( SO4 )3F2 Calcium Fluoride Silicate Sulfate 

Hydroxylapatite Ca5 ( PO4 )3 ( OH ) Calcium Phosphate Hydroxide 

Abu-Tartur Brushite CaPO3 ( OH ) ·2H2O Calcium Phosphate Hydroxide Hydrate 

Qingheiite Na3Mn3Mg2Al2 ( PO4 )6 Sodium Magnesium Manganese Aluminum 

Phosphate 

Zeolite O2Si1 Zeolite 

Hydroxyapatite Ca4.884 ( PO4 )3 ( OH )0.654 Calcium Phosphate Hydroxide 

Tetranatrolite H8Al2.315Ca0.474Na1.462O14Si2.685 Tetranatrolite 

Hydroxylapatite Ca5 ( PO4 )3 ( OH ) Calcium Phosphate Hydroxide 

Monohydrocalcite (supercell) C1H2Ca1O4 Monohydrocalcite (supercell) 

Hamrawee

n types 

Carbonate-fluorapatite C0.53Ca9.74F2.05O23.39P5.45 Carbonate-fluorapatite 

Quartz low O2Si1 Quartz low 

Apatite-(CaOH) (Na,(CO3)-

substituted) 

C2.4H2Ca8.4Na0.8O23.6P3.6 Apatite-(CaOH) (Na,(CO3)-substituted) 

Apatite-(CaOH) H1Ca5O13P3 Apatite-(CaOH) 

Carbonatehydroxylapatite, syn 
(NR) 

Ca10 ( PO4 )3 ( CO3 )3 ( OH )2 Calcium Carbonate Phosphate Hydroxide 

Gismondine CaAl2Si2O8 ·4H2O Calcium Aluminum Silicate Hydrate 
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Table 3: Particle distribution (%) of phosphate rocks samples used in Egypt.  

Phosphate Rock types Sand Silt Clay 

Group I 

El-Sebaiya east 87.52 8.67 1.01 

El-Sebaiya west 90.36 7.64 0.63 

Group II 

Hamraween1 89.83 7.8 0.87 

Hamraween 2 96.06 3.37 0.33 

Hamraween 3 91.62 6.9 0.64 

Group III (Other types) 

Oroba 90.44 6.73 0.36 

Abu-tartur 87.81 9.71 2.23 

 
Table 4: Some Chemical characterization of the phosphate rock used in Egypt . 

Phosphate Rock types pH EC 

dS/m1:5 

Total P2O5 % CaCO3 % 

GI 

El-Sebaiya east 7.45 10.1 24.1 12.93 

El-Sebaiya west 7.22 5.9 28.2 10.26 

GII 

Hamraween 1 7.8 4.6 27.8 10.61 

Hamraween 2 7.77 4.5 29.2 12.67 

Hamraween 3 7.66 3.2 31.7 8.21 

GIII 

Oroba 7.5 4.5 27.9 9.81 

Abu-tartur 6.8 6.5 24.9 4.10 

  

 Arsenic (As) is a serious global environmental toxicant. Chronic exposure to As is known to cause adverse 

health effects in human, not ably skin hyperpigmentation, lesions and hardening (keratosis), and to a lesser 

extent, cancer and neurological disorders . Arsenic becomes in the 2
nd

 category after Zn, data in the same table 

showed that in all types the concentrations of As in the studied PR ranged between 90 and 109 ppm, the highest 

concentrations were observed in Red sea types and it could be seen that Hamraween 3 had 110 ppm followed by  

Hamraween 2 (107 ppm) and the lowest was Hamraween 1 (106 ppm). 

 For the same pollutant, data showed that Abu Tartur had about 108 ppm gave high concentrations compered 

to Oroba species which had 97 ppm. The lowest concentration of As observed was found in El-Sebaiya east with 

concentration about 91 ppm compared to El-Sebaiya west which had about 94 ppm. 

 Lead is one of the major metal contaminants attracting particular attention because of its widespread use in 

mining, industry and agricultural activity and distribution in the earth’s crust. It is generally recognized that the 

mobility and bioavailability of Pb in soil are more important than total Pb concentration (Tongtavee et al., 

2005). Followed the arsenic in pollutants concentrations, data showed that lead (Pb) concentrations in PR types 

were became in the 3
rd

 category. Again, Abu -tartur type, the Red sea types were the highest in their Pb 

concentrations. Data showed that the concentration of Hamraween 1 type had about 70 ppm Pb over other Red 

Sea types which had 65 and 61 ppm for Hamraween 2 and Hamraween 3 respectively. Data in the same table 

indicated that El-Sebaiya types represented by east and west types gave the lowest Pb (about 57 and 43 ppm). In 

other types used, data showed that Oroba type had 51ppm as a total Pb concentration meanwhile Abu-Tartur 

gave the highest Pb concentration compared to other types used. 

 
Table 5: Total contents of heavy metals (mg kg-1) found in commercial phosphate rock samples applied in Egyptian soils. 

Phosphate Rock types Cd Pb Zn As Co 

GI 

El-Sebaiya east 7.1 56.9 215.6 90.76 49.2 

El-Sebaiya west 6.8 42.9 199.5 94.4 54.4 

GII 

Hamraween 1 7.1 69.7 266.4 105.84 25.7 

Hamraween 2 8.1 64.7 305.6 107.18 51.7 

Hamraween 3 8.5 60.9 319.1 109.52 47.7 

GIII 

Oroba 11.7 50.8 299.2 97.14 30.2 

Abu-tartur 3.2 72.8 128.4 108.44 48.6 

 

 Results also showed that the studied types of PR had significant concentrations of cobalt in their mineral 

composition. Of all types studied, data showed that El-Sebaiya west had the highest value i.e. 54 ppm Co
2+

, the 
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El-Sebaiya east type, however, had 49 ppm. The Red sea types had a concentrations ranged between about 26-

52 ppm in Hamraween 1 and Hamraween 2; the 3
rd

 type of this group had about 48 ppm total Co
2+.

 For other 3
rd

 

one, data showed that Abu Tartur had a significant high concentration of Co about 49 ppm compared to Oroba 

type which had only 30 ppm Co
2+

  

 Of the more common potentially hazardous elements associated with phosphate rock and fertilizers, 

cadmium is certainly the element of most concern at the present time, the toxic concentration of this element 

starting from 5 ppm (Soad, El-Ashry and  Zaghloul. 2007). Cadmium naturally occurs at trace levels in a broad 

spectrum of rock types that comprise the crust of the earth. Cadmium is particularly enriched in some coal, zinc, 

and phosphate rock deposits. The cadmium content of the original phosphate rock is type of processing, and any 

secondary processing within a specific process dictate the redistribution of cadmium to products, byproducts, 

and wastes.  

 Compared to all types studied, data showed cadmium, was the lowest pollutant in its concentrations in 

different studied types. Data showed that the range of this pollutant was only from 3 to 12 ppm. Both highest 

and lowest concentrations were observed in the 3
rd

 group. Numerically, Abu Tartur type had only 3 ppm 

concentration of total Cd mean while Oroba had about 12 ppm. Worth to mention that the other groups 

represented by the Red Sea group and El-Sebaiya group had concentrations between these values.  

 

3.4. Kinetics of long-term phosphate dissolution from phosphate rocks used in Egyptian agricultural lands: 

 

 Kinetics of soil chemical processes is one of the most important and enigmatic areas in soil and 

environmental chemistry for complete understanding of interfacial phenomena, the fate of metals in soils and 

particularly to comprehend their mobility and mechanisms of desorption. 

 Since the inception of soil chemistry, much attention has been given to equilibrium processes involving 

soils, humic materials, clay minerals and sediments. Without question, the results of these studies have been 

enlightened and beneficial; however, they have not provided information on the kinetic of these reactions. 

Moreover, equilibrium studies are not applicable to field conditions, since soils and sediments are nearly always 

at disequilibrium with respect to ion transformation and organic molecule reactions (Sparks, 1987). To properly 

and completely understand the dynamic of fertilizers with soils and sediments, knowledge of the kinetics is 

fundamental. In this part we try to understand the release of phosphate from different groups of PR applied in 

Egyptian agricultural land to compare and select the best suitable one(s) under Egyptian conditions.  

 Figure (1) represents the kinetics of P release from selected PR applied in this work. As showed in the 

figure, we can see that a general trend represented by having 3 stages, a rapid increase of phosphate desorption 

in the 1
st
 stage followed by moderately increase in P desorption in the 2

nd
 one, and 3

rd
 stage characterized by 

almost steady state conditions of phosphate desorbed from the studied PR groups. This result may declare that 

the retention of phosphate in these groups was retained with different forces in the compositions regardless the 

percentage of P in these groups of PR or any other factors controlled P release.  

 
Fig. 1: Kinetics of phosphate desorption from different PR applied in Egyptian agricultural soils (entire   

reaction time). 

 

 As shown in the same figure, desorption of phosphate from the all types were between the values of 

Hamraween 3, represent the maximum release of P, and El-Sebaiya east, represent the minimum release of P 

compared to other types used. Numerically, data showed that the maximum release of P from El-Sebaiya east 
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was 365 ppm, meanwhile the same value in Hamraween 3 was 1750 ppm. This result may give a priority to G2 

over the G1 to be applied in Egyptian soils regardless the other type of G1 (El-Sebaiya east) which gave 

maximum release 1298 ppm.  

 Although the difference between El-Sebaiya and Abu-Tartur in their total P content is only 1%, as shown in 

figure 2, results showed that the maximum release of Abu-Tartur was almost half of P release compared to the 

same value of El-Sebaiya reached to 365 ppm and 766 for both PR fertilizers. This result perhaps showed the 

effect of different minerals inside the types on the phosphate desorption and also the effect of pH which showed 

high correlation with P release from PRs types (Rasha, Afify, 2008).Compared to other groups, data showed that 

all types of Hamraween PR gave the highest P release values (figure 2 (G2)) with numerical values equal to 

1750, 1480, and 1215 ppm for hamraween 3,2 and 1 respectively. This result may be due to increasing of 

percentage of P inside these types, and also the decreasing of silicate concentration inside Red sea types. The 

variations of P desorption inside the different groups studied as shown in figure was mainly related to the 

concentrations of P.  

 

 

 

 

 
Fig.  2: Kinetics of phosphate desorption from different groups of PR tested. 
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Fig. 3: Kinetics of phosphate release from the different types of PR applied in agricultural land at different 

stages. 

 

 For example, the maximum release of  phosphate in El-Sebaiya  was 365 ppm at 336 hrs, the same value for 

El-Sebaiya was about 1300 ppm, the chemical analysis of these types indicated that total P were 24 and 28% 

respectively. The same trend was also observed for other types as shown in the same figure. The three stages 

observed in the kinetics of phosphate release were discussed separately. Data in figure (3) represents the three 

stages noticed, in the 1
st
 stage which takes about two hrs it could be see fast increase in phosphate release from 

the studied PR, this stage characterized by the phosphate retained with weak force inside the minerals found in 

their types. In this stage, we get significant variation of P release from different types. Data showed that about 

16% of total P was released from Oroba PR type, the corresponding value was about 40% for abu-Tartur type, 

the Red sea type showed the highest value represented by about 50 % of total P was desorbed in the end of 1
st
 

stage and it should be mention that this phenomenal should be into consideration in the selection of type applied 

to farm. Worth to mention that about 26% of total P was as a mean value was released from the El-Sebaiya 

group.  
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  In the second stage which continue from 2 hrs to about 96 hrs, this period characterized by moderately fast 

release from the studied PR, the amount of phosphate retained in the PR with little high forced compared to that 

in the 1
st
 stage. By the end of this stage, data showed that about 71% of total P was desorbed from Oroba and 

79% from Abu-Tartur type, meanwhile the mean corresponding value for Red Sea type was about 90%, which 

recorded as a significant high value compared to other types studied at least with El-Sebaiya type which showed 

about 82% of total P desorbed in the end of this stage.  Finely the 3
rd

 stage showed that the kinetic of phosphate 

exhibited a flat line. The three forces observed for phosphate retained in PR emphasized that different 

mechanisms showed be took place in P release from these types and subsequently more than one model should 

be describe the kinetics of phosphate release from different groups.        

 

3.5. Kinetic parameters of best fitted models describe phosphate release from PR applied in Egyptian 

agricultural farms: 

 

 Phosphate desorption rate have been described by a variety of theoretical and empirical equations. 

Successful reaction - controlled kinetic models include first order, simultaneous first order, second order, 

diffusion controlled kinetic models, power function (modified Freundlich) and Elovich equations. These studies 

suggested that several equations describe soil P desorption data and that there is no best equation for all studied 

soils. Furthermore these studies used different methodologies, variable reaction times, and soils of different 

physical, chemical and mineralogical properties. Little effort has been devoted in the literature to identifying the 

types of soil for which each kinetic equation works best. It’s generally believed that there is no single equation 

that describe equally well the desorption kinetics of all soils (Ravan, and Hossner, 1994). 

 Results presented in Table (6) showed the regression equations of four different kinetic equations that 

describe phosphate release from PR used in the entire reaction of 336 hrs of P desorption kinetic from these raw 

materials. The conformity of desorption data to a particular kinetic equation was judged by the highest 

coefficient of determination (R
2
) and the lowest standard error (SE) of the regression relation. 

 According to data calculated for the kinetic parameters of the four tested models, it could be seen that all 

kinetic models well describe the kinetic data by having high and significant R
2
. In the MFE, results showed that 

R
2
 values were 0.96** and 0.98** in El-Sebaiya group. For the other models, the same parameter R

2
 values 

were 0.99**, 0.98**; 0.96** and 0.98** for the 1
st
 order, parabolic diffusion and Elovich models respectively.  

According to the SE, data indicated that MFE were the best model in describing the kinetics of P release from 

El-Sebaiya PR group compared to other models used since the values of this parameter were 0.05 and 0.06, the 

lowest values of all models.      

 In G2, although the Elovich equation showed the highest coefficient of determination, the 1
st
 order equation 

showed the low SE value at all types of this group studied. 

 These data suggested that the 1
st
 order (as a theoretical model) equation best described phosphate 

desorption data in Red Sea types based on highly significant R
2
 (at 0.01 level) and the lowest SE.  Nevertheless, 

Elovich equation could describe the phosphate kinetics as well. 

 The MFE and parabolic diffusion equations showed less conformity in describing the kinetic data. These 

equations gave also significant R
2
 less than other models and slightly high SE values. Higher conformity of 

desorption data for all four tested kinetic equations was observed with Hamraween 3 compared with other types 

as judged by the higher R
2
 and lower SE values. In other kinetic study conducted by Aharoni, et al., 1991 they 

showed that the superiority of parabolic diffusion or the first-order equations over other equations to describe 

the P-release data under their conditions.  

 In group three (G3), data showed that again MFE showed best conformity in describing the kinetics of P 

release from Oroba and Abu-Tartur PR types. Numerically, the R
2
 values of MFE were 0.95** and 0.98**, 

although other models gave higher values than MFE such as Elovich equation, the SE of this model were higher 

than MFE. Worth to mention that that 1
st
 order and diffusion models were almost gave the same trend. 

 The conformity of specific model(s) to describe the kinetic were varied according to experimental 

conditions, for example, the power function or modified Freundlich and the Elovich equations were tested 

individually or with other models to describe the kinetics of ion sorption or desorption. Sikora et al. 1991 

studied phosphate dissolution kinetics of water-insoluble fractions from mono ammonium phosphate fertilizers. 

The results indicated that the Elovich equation well described P dissolution with R
2
 more than 0.99.  

 Cooke, 1966 indicated that the kinetics of P-release could be described using diffusion equation. Moreover, 

a highly significant correlation was found between the equation parameters and the uptake of phosphate by 

ryegrass from a wide range of soils. Evans and Jurinak 1976  emphasized that the diffusion equation defined P 

release from the surface and sub-soils for only the initial 16 min. of reaction. Zaghloul 1998, however, used four 

kinetic equations (Elovich, modified Freundlich, parabolic diffusion and first-order equations) to describe the 

desorption rate of phosphate data. The results demonstrated the successful use of the first-order rate equation to 

describe P-desorption rates over the other used equations. 
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 As a general, the kinetics of phosphate desorption from PR apply in Egyptian soils may be described using 

modified Freundlich and Elovich equations in all groups tested. In addition, Modified Freundlich equation was 

even superior to Elovich equation in most cases according to the values of coefficient of determination (R
2
) and 

(SE). In few cases, however, first-order kinetic equation or parabolic diffusion equation was equally adequate 

which represents different forces control the rate of P release from such raw materials. It should be mention that 

no single model could be well described the rate of P release from malty systems. 

 The rate constant of MFE represented by a, data of G1showed that regardless Red Sea types, increasing the 

total content of P in the studied groups, led to increase the rate P release. In El-Sebayia types (G1), the rate 

constant of P was increased from 0.19 to 0.27 mgkg
-1

min
-1 

in El-Sebaiya east and El-Sebaiya west respectively 

directly due to increasing of P content in the 2
nd

 type and perhaps to decreasing the total CaCO3 content in the 

2
nd

 type, this parameter showed a high and significant correlation with rate parameters of P release from 

different PR groups studied, it should be mention that the same trend was observed in the 3
rd

 group. 

 In the 1
st
 order model which showed high conformity in describing P desorption from the types in group II, 

data showed that another trend represented by increasing of P release from Hamraween 1 compared to 

Hamraween 2 which has high total P content compared to the 1
st
 type, although the difference calculated 

between these types in their total P content, the rate constants were decreased from 9.15 to 8.75 mgkg
-1

min
-1

 in 

both types this trend may be represented as a benefit for Hamraween 2 PR type which works as a slow release 

fertilize for P. In the 3
rd

 type, increasing the total P content in Hamraween 3, led to increase the rate constant a 

to 9.42 mgkg
-1

min
-1

. The capacity factor represented by b constant showed that in all cases, increasing of the 

rate of P release from the studied PR, led to decrease this constant and vice versa. However, increasing of total P 

content in the PR led to increase the capacity factor in El-sebaiya group. For example, in Elovich model we can 

see that the capacity factor of El Sebaiya east was 3.65 mg/kg with total P content almost equal to 24%, 

increasing of total P to 28 % 3.6.  

 

Correlation analysis between different kinetic parameters and some properties of PR applied in Egyptian soils: 

 

 In previous work we try to represent the rate of phosphate release from the different groups of PR applied in 

Egyptian soils. As shown the results varied between different group and inside the same group as well. We 

assumed that these variations are mainly related to the compositions of these types such as the chemical groups 

found in PRs, the pollutants etc. All these factors controlled the rate of P release from the selected type. In this 

section, the correlation analysis between the rate constants of kinetic parameters represents P release and the 

chemical characterization of PR applied was conducted to understand the contribution of these factors in P 

release kinetics. 

 The rate constants of MFE represented by a and b represent the intensity and capacity factors of P release 

from different PRs studied, the intensity factor a showed high significant correlation at 0.01 with total P 

contents in different PRs, the pH of PRs, and total CaCO3 reached to 0.97**, 0.89** and 0.94**, meanwhile no 

relations were observed with EC and available P of different PRs studied. The capacity factor b for the same 

model showed significant correlation with available P of PRs studied reached to 0.95** , however, the same 

parameter showed a significant at 0.05 with total P with numerical values equal to 0.76*.   

 
Table 6: The rate of Constants, coefficient of determination R2 and stander error SE of different models of phosphate desorption from different phosphate rocks types. 

Phosphate  Rock 

types 

Elovich MFE Parabolic diffusion equ First order equ 

a b R2 SE a B R2 SE a B R2 SE a b R2 SE 

GI 

El-Sebaiya  east 1.31 3.65 0.98** 0.66 0.19 0.60 0.96** 0.05 0.45 4.41 0.96** 0.87 6.82 0.85 0.99** 0.10 

El-Sebaiya west 5.84 7.25 0.98** 2.92 0.27 0.97 0.98** 0.06 2.01 10.60 0.96** 3.74 6.63 1.45 0.98** 0.11 

GII 

Hamraween 1 5.27 8.33 0.98** 2.67 0.27 0.96 0.92** 0.12 1.77 11.71 0.94** 4.31 9.15 1.44 0.97** 0.14 

Hamraween 2 6.16 12.24 0.97** 3.63 0.27 1.07 0.87** 0.15 4.31 16.68 0.90** 6.31 8.75 1.48 0.98** 0.16 

Hamraween 3 6.98 17.84 0.95** 5.45 0.25 1.19 0.81** 0.18 2.19 23.44 0.85** 8.85 9.42 1.47 0.99** 0.12 

GIII 

Oroba 5.31 2.62 0.98** 2.61 0.37 0.66 0.95** 0.12 1.85 5.46 0.98** 2.66 8.12 1.54 0.93** 0.28 

Abu-tartur 2.88 6.79 0.96** 1.95 0.19 0.90 0.98** 0.16 1.02 8.20 0.97** 1.54 9.56 1.28 0.98** 0.17 
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Table 7: Correlation analysis between different kinetic parameters and some properties of PR applied in Egyptian soils. 

Equations Total P Available p EC pH CaCo3 

a b a b a B a b a b 

Elovich 0.95** 0.79* 0.73* 0.98** -0.92** -0.62 ns 0. 95** 0.38 ns 0.04 ns -0.11 ns 

MFE 0.97** 0.76* -0.08 ns 0.95** -0.60 ns -0.71* 0.89** 0.24 ns 0.94** -0.22 ns 

parabolic 

diffusion 

0.67 ns 0.86** 0.52 ns 0.98** -0.64 ns -0.70* 0.52 ns 0.44 ns 0.3 ns -0.07 ns 

First order 
equation 

0.32ns 0.75* 0.48 ns 0.47 ns -0.61 ns -0.94** 0.09 ns 0.27 ns -0.57 ns -0.19 ns 

Ns: non significant       *: significant at 0.05         **: significant at 0.01 

 

 Diffusion model also showed a significant correlation at 0.01 between the capacity factor of total P of 

different PRs (0.86**), available P (0.98**) and at 0.05 with the EC of the studied PRs. In contrast, no 

correlations were observed between the intensity factor a and all phosphate rock properties calculated. 

Concerning the Elovich which showed high conformity to describe the kinetic data, the intensity parameter of 

this model a showed high and significant correlation at 0.01 with total P (0.95**), EC (-0.92**), pH (0.95**) 

and no significant was observed with total CaCO3 found in PRs studied. The capacity factor, however, the 

capacity factor b of the same model showed a significant correlation at 0.01 with available P of the studied PRs. 

(0.98**), and at 0.05 with total P (0.79*).  in El-Sebaiya west, led to increase the capacity factor of this type to 

7.25 mg/kg.  

 

Conclusion: 

 

 Phosphate rock considered to be a promising source of P in plant nutrition, Although Red sea types gave a 

significant and promising data to be applied in Egyptian soils, the obtained results indicated that this group of 

raw materials had a significant amounts of heavy metals and could harmed soil ecosystem under aridic 

conditions. According to the data obtained we recommended the farmers in Egypt to apply El-sebaiya PR and 

for less extent Oroba type. Form this point of view and according to both release of P from such raw materials, 

to eliminate the hazards of PTEs, follow up of cultivated lands used PR source become must. However, such 

raw materials could be considered as a slow release fertilizers especially in new reclaimed area.   
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