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Abstract 

The aim of this paper is to improve the quality of superphosphate fertilizer resulting from the use of low quality 
phosphate rock by the use of additives as Illite clay, The use of Glauconite rock (green sand) and illite rock (green clay) 
in the abu tartur phosphate's region – new valley and mixing it with low quality phosphate rock (22%) for the 
production of fertilizers with higher quality and rich with the essential elements for plants (N, K) which aren't exist in 
low quality phosphate rock individually, an industrial sample test had been done and a mixed fertilizer had been 
produced (Elayte rock and low quality phosphate (22% ) as 1:1).  
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1. Introduction

The Abu Tartur mine is located 650 km southwest of Cairo, Egypt, in the Western Desert (Figure 1) at 25°25´ north and 
30°05´ east. The sediments in the mine are Upper Cretaceous (Campanian – Maastrichtian) phosphorites, black shales 
and glauconitic sandstones belonging to the widespread shallow-marine deposits of the Duwi Formation. This 
formation underlies the Lower Maastrichtian to Upper Paleocene Dakhla shale and overlies the Lower Campanian 
Quseir Formation. Lithologically, it consists of phosphate beds interbedded with black and gray claystone, sandstone, 
siltstone and glauconite beds, The contact between the Duwi and Dakhla formations marks the Campanian-
Maastrichtian boundary and is dated at about 71 Ma [1,2,3,4,5,6,7,8,9].  

The Abu Tartur Plateau has attracted the attention of several geologists since the discovery of significant phosphate 
deposits in the Duwi Formation in 1967. These Upper Cretaceous marine sediments have been of intense economic 
interest because of the phosphate-rich deposits of the Duwi Formation that form part of an extensive Middle Eastern - 
North African phosphate province. This province accounts for the greatest accumulation of marine phosphorites known, 
possibly in excess of 70 billion metric tons of phosphate rocks. The phosphate resources in Egypt alone have been 
estimated to exceed 3 billion metric tons[10,11,12].  

1.1. Glauconite ore 

Glauconite (Figure 2) exists in abu tatur (new vally governerate) at the top of the phosphate rock [12,13], and its on of 

the comon minerals in the Sedimentary rocks which is rich of potassium (K) especially in Green sand deposits د 11,ج
It’s a Green, shiny material resembling mica flakes or clay blocks, The semi-pure type is called green sand, which is uses 
as a water soft. The chemical formula of Gauconite is (K,Na)(Fe3+,Al,Mg)2(Si,Al)4O10(OH)2 [6,7,12,13,14,15,16]. And 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://wjaets.com/
https://doi.org/10.30574/wjaets.2021.3.2.0069
https://crossmark.crossref.org/dialog/?doi=10.30574/wjaets.2021.3.2.0069&domain=pdf


World Journal of Advanced Engineering Technology and Sciences, 2021, 03(02), 038–049 

39 

hardness of the metal relative to glauconite is 2% , It has a complete dissociation in one direction, which is the vertical 
crystal axis, And the specific gravity ranges between 2.4% – 2.95% , its Refractive index is 01062 ,and The percentage 
of potassium ranges in glauconite according to XRF analysis between 6%-9 % [6,7,8,18,19,20,21,22,23,24]. 

 

Figure 1 Geographic map of Egypt, Abu Tartur Plateau is highlighted (www.abutarturphosphate.gov.eg) 

 

Figure 2 Glauconite Ore 

Table 1 Chemical Composition of Glauconitic grain (after odin 1988) 

Deviating results contents Oxide 

a few higher values indicate quartz admixture 47.5%-50% SiO2 

some values up to 15% 3.5%-11% Al2O3 

higher values when oxidized 19%-25% Fe2O3 

 0.5%-2% MgO 

lower values when 3%-9% K2O 

 

1.2. Lalite ore (Glauconitic clay) 

It exists in abu tartur (new vally governerate) at the top of the phosphate rock, and it's from the comon minerals in the 
Sedimentary rocks which is rich of potassium (K) especially in Green sand deposits [5,6,7,], Green smooth material from 
small clay blocks (Figure 3)and it has the ability to get wet with water [8], and its chemical formula is 
([K.H3O(Al,Mg,Fe)2(Si,Al)4O10(OH)2,(H2O)] [27]. As the aluminum concentration increases at the expense of the iron 

http://www.abutarturphosphate.gov.eg/
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concentration, and The percentage of potassium ranges in glauconite according to XRF analysis between 3%-9 % 
(Tables 1,2,3 shows the chemical composition of glauconite, bitumen and clay of abu tartur mine) [27,28]. 

 

Figure 3 Lalite ore 

Table 2 The chemical composition of the bitumen ore is similar to that of abu tartur 

"Grundite" Fithian Illite Rock Island Illite Marblehead Illite Beavers Bend Illite Oxides 

47.08 43.95 54.09 52.78 47.00 SiO2 

28.05 21.12 26.30 24.90 23.30 Al2O3 

08.16 07.90 01.50 00.78 07.74 Fe2O3 

nd 03.42 01.49 01.19 03.20 FeO 

02.33 01.50 02.00 03.60 01.70 MgO 

nil 00.84 00.49 00.69 00.17 CaO 

00.32 00.32 00.22 00.22 00.14 Na2O 

06.48 05.90 06.87 07.98 06.69 K2O 

nd 08.25 06.89 06.73 08.24 H2O+ 

nd 02.08 01.32 02.56 00.64 H2O- 

07.73 12.44 05.79 06.36 06.64 Ign. Loss 

nd 00.62 00.68 01.02 00.66 TiO2 

nd 00.70 - - - P2O5 

100.15 98.69 99.43 99.61 97.24 Total 

The chemical composition of the bitumen ore which is similar to that of abu Tartur 

Table 3 Clay composition 

Clay SiO2 Al2O3 Fe2O3 FeO CaO CaO MgO K2O Na2O Ti2O MnO 
Ign. 
Loss 

Sum 

Composition 54.18 14.20 12.11 02.03 02.03 00.68 04.01 04.01 00.04 00.22 00.03 06.56 100.13 

2. Material and methods 

2.1. Procurement of raw materials 

Phosphate rock with a total P2O5 content of 22% and illite clay was collected from abu tartur mine–new valley. 
Phosphate rock and illite clay was ground. H2SO4 of purity equals 98% from EFIC assuit. Distilled water was used for 
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the dilution of the acid. The ground phosphate ore was then mixed with different ratios of ground illite clay to prepare 
the samples on study. It was initially calculated that a total 40% (70gm) of liquid (acid) is enough to wet a 100 gm. of 
solid (rock) [29]. 

2.2. Experimental methods 

50 gm of ground phosphate was mixed with 50 gm of ground illite in a beaker Softness of phosphate and green clay 
from 92% -94%.. Then H2SO4was diluted to 55 bumea by careful addition of distilled water. Now The amount of acid 
added 60% concentration is 60 grams of acid per 100 grams of (phosphate + green clay) with the help of glass stirrer. 
The sample then carefully placed in oven at 80oC for one hour before analysis. Other samples of single super phosphate 
and illite were prepared by using different ratios of phosphate and illite, are shown in (table 1). Two industrial samples 
were prepared (samples No 2, 3 in (table 4)). 

Table 4 Single Super Phosphate with Illite Clay Samples 

Sample Composition 

1 50g phosphate rock+60g H2SO4 (55 peamu)+50g illite  

2 60g phosphate rock+60g H2SO4 (55 peamu)+40g illite 

3 70g phosphate rock+60g H2SO4 (55 peamu)+30g illite 

4 75g phosphate rock+60g H2SO4 (55 peamu)+25g illite 

5 80g phosphate rock+60g H2SO4 (55 peamu)+20g illite 

6 90g phosphate rock+60g H2SO4 (55 peamu)+10g illite 

Samples on study (from mixing SSP with illite) 

2.3. Product analysis 

Standard methods from EFIC Assuit Standards Quality Control Authority were adopted for the analysis of samples to 
get accurate values of the contents present in samples. Following were the testing procedures adopted to analyze the 
samples for oxides and potassium. 

2.3.1. Test for total P2O5 content 

Determination of total P2O5 content percentage according to Setro method 

2.3.2. Test For Potassium Oxide 

Determination of potassium oxide percentage according to Determination of potassium oxide in fertilizer method 

2.3.3. Test for fluorine 

Determination of Fluorine, formation of silicon tetra-fluorine and absorption of the evolved gas in water according to 
offerman's method 

3. Results and discussion 

It is noted that glauconite ore (green sand) and elite (green clay) contain a significant percentage of potassium. 
Potassium along with nitrogen and phosphorus is considered one of the basic elements for the plant, and on a large part 
of its importance in corps production. Most soils contain large amounts of total potassium (1-2 %) in the form of 
insoluble mineral components. However, only a fair portion (less than 1 %) is abundant for plants in the soil, as 
Dissolved potassium and interchangeable potassium. In general, the soil lacks the recoverable potassium + dissolved in 
the soil and available to the plant. When the levels of recoverable potassium are less than (100-150 ppm), there is a 
shortage of potassium, which means the necessity of fertilization in order to produce crops that need potassium. And 
the benefits of potassium for the plant are endless as it is considered a prominent element for the plant to survive. 
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Table 5 Industrial samples results  

raw phosphate at 60% 
with 40% of green clay ore 

raw phosphate at 70% with 
30% of green clay ore 

 

Analysis 

9.25 9.9 Moisture 

8.95 7.40 Acidity 

6,9 7.20 Solable 
P2O5 

2.0 10.52 Total 
P2O5 

1.89 1.5 Sol. K2O 

4.46 3.35 Sol. K2SO4 

1.0 0.5% – 1.0 % Sol.MgO 

 (Fe2O3 – Al2O3) With an average percentage of 2.0% – 5.0 %  

Industrial samples results 

Table 6 A fresh glauconite sample has been analyzed 

Contents (XRF) Oxide 

46.21 SiO2 

4.81 Al2O3 

31.41 Fe2O3 

2.52 MgO 

5.64 K2O 

2.00 P2O5 

Result of analysis of a fresh glauconite sample 

Table 7 Fresh illite sample has been analyzed 

Volumetric analysis Contents Contents ( XRF ) Oxide 

 54.68 SiO2 

 18.03 Al2O3 

 7.71 Fe2O3 

 3.60 MgO 

% >  0.7 potassium oxide 4.00 K2O 

 0.20 P2O5 

Result of analysis of a fresh illite sample 

Table 8 Fluorine results 

Industrial Sample % Fluorine mg/m3 

100g phosphate + 80g H2SO4 16 

75g phosphate + 25g illite + 80g H2SO4 48 

Result of released Fluorine during preparing the sample 

3.1. Moisture, acidity, potassium Oxide and P2O5 results 

Moisture, acidity, potassium Oxide and P2O5 results shown in table 9 
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Table 9 Results of mixed phosphate with Illite Clay 

No Sample Moisture Acidity Sol. P2O5 K2O 

1 50g phosphate rock+50g illite 5.1% 9.23 5.88% 2.5% 

2 60g phosphate rock+40g illite 10.3% 9.23% 6.93% 1.67% 

3 70g phosphate rock+30g illite 9% 8.52% 7.7% 1.64 

4 75g phosphate rock+25g illite 10.3% 6.4% 8.41% 0.69 

5 80g phosphate rock+20g illite 7.12% 5.11 8.92% 0.58 

6 90g phosphate rock+10g illite  6.81 6.11 9.89% Nil 

3.2. XRF Analysis results 

XRF results of samples on study listed in (table 10). 

Table 10 XRF analysis results of samples on study 

 

 

50g 
phosphate 
rock+50g 

illite  

60g 
phosphate 
rock+40g 

illite  

70g 
phosphate 
rock+30g 

illite  

75g 
phosphate 
rock+25g 

illite  

80g 
phosphate 
rock+20g 

illite  

SiO2 37.62 36.26 55.7 13.75 24.45 

Al2O3 13.59 13.15 20.17 4.06 4.96 

Fe2O3 4.36 4.22 6.51 1.52 1.97 

CaO 0.57 0.58 1.14 26.77 22.89 

HgO 2.49 2.43 3.71 0.87 1.05 

SO3 0.95 0.86 0.54 12.23 11.89 

Na2O 0.11 0.11 0.18 0.40 0.41 

K2O 2.5 1.671 1.64 0.69 0.58 

Cl 0 0 0 0 0 

TiO2 0.17 0.16 0.25 0.22 0.22 

P2O5 0.26 0.25 0.39 0.28 0.3 

Mn2O3 0.18 0.18 0.33 7.34 5.89 

Cr2O3 0.01 0.01 0.02 0.00 0.00 

LOI 37.70 39.98 8.42 30.97 24.76 
LOI refers to lost of ignition 

3.3. XRF of Industrial samples at a 1:1, 7:3 and 6:4 ratios 

XRF results of industrial samples listed in (table 11). 

Table 11 XRF analysis results of mixing phosphate and green clay is at a 1: 1 ratio sample (industrial sample) 

Volumetric analysis Contents Contents (XRF) Oxide 

 17.89 Si2O 

 4.78 Al2O3 

 4.35 Fe2O3 

 1.21 MgO 

3.2% of Potassium Oxide 2.5 K2O 

 6.06 P2O5 

Sample 
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3.4. FTIR Results 

FTIR results of samples on study shown in figures (4, 5, 6, 7, 8, and 9). 

3.5. FarIR Results 

FarIR results of samples on study shown in figures (10, 11). 

 

Figure 4 Illite FTIR 

 

 

Figure 5 FTIR of single super phosphate without additives 
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Figure 6 FTIR of (75% phosphate + 25% illite + 80g H2SO4) sample. 

 

Figure 7 FTIR of (75% phosphate + 25% illite + 80g H2SO4) sample. 

 
series1= 100% ph + 0% illite +80g H; series2= 75g Ph + 25g illite+ 80g H 

Figure 8 FTIR 
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series1= 75g Ph + 25g illite+ 50g H; series2= 75g Ph + 25g illite+ 80g H 

Figure 9 FTIR 

 

Figure 10 FarIR 

 
series1= 100% ph + 0% illite +80g H; series2= 75g Ph + 25g illite+ 80g H 

Figure 11 FarIR 



World Journal of Advanced Engineering Technology and Sciences, 2021, 03(02), 038–049 

47 

3.6. Ramman Results 

Ramman results of samples on study shown in figures (12, 13). 

 
series1= 75g Ph + 25g illite+ 80g H; series2= 75g Ph + 25g illite+ 50g H 

Figure 12 Ramman 

 
series1= 100% ph + 0% illite +80g H; series2= 75g Ph + 25g illite+ 80g H 

Figure 13 Raman 

 

Using Illite (or Lalite) Clay as an additive to the phosphate rock during preparing single super phosphate resulted in 
adding new essential elements (as potassium oxide) for the plant in the new prepared fertilizer. 

During the addition of potassium (whether ratified or natural) to the phosphate rock during manufacturing the 
fertilizer, reduces the amount of released florosalysalic acid (which causes very bad odor) so it enhances the fertilizer 
industry. 

4. Conclusion 

This study aims to Improving the quality of superphosphate fertilizer resulting from the use of low quality phosphate 
rock, so we used abotartor phosphate rock 22% and tried some additives like Illite Clay rock by mixing it with phosphate 
rock at different ratios and was detected from XRF analysis the addition of essential elements for the plant as potassium 
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oxide , adding potassium as additive reduces the released florosalysalic during manufacturing, which considered a real 
enhancement for the resulting fertilizer.  
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