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The solvent extraction of iron from Egyptian wet process phosphoric acid 

using di-ethylhexyl phosphoric acid was investigated. The effect of the 

phosphoric acid concentration, organic solvent concentration, organic to 

aqueous phase ratio, temperature and stirring time were studied. 69.3% iron 

removal efficiency from 2.0 M phosphoric acid (12% P2O5) was obtained 

using 2.0 M D2EHPA and organic to aqueous phase ratio 2:1 for stirring time 

5 min. under room temperature while the iron removal efficiency percent 

increases to be 99.9% by applying the recommended optimum conditions on 

another type of phosphoric acid partially purified by solvent extraction 

technique using mixture of butanol and octanol.    
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Introduction   

The presence of iron in phosphoric acid results in increasing the viscosity and consequently decreasing the 

filtration rate. Iron forms precipitates during concentration, clarification and storage accompanied by P2O5 loss. In 

addition, the P2O5 water-solubility of fertilizers decreases in the presence of high iron containing acid (H. El-Shall 

and E.A. Abdel-Aal 2001) Fertilizer grade (SPA) phosphoric acid of 50% P2O5 concentration should contain <1.5% 

Fe2O3, otherwise the P2O5 water solubility of the fertilizers prepared from high iron acids will be low (A.K. Ismail 

1998). The authors (A. A. Hanna et al. 1996; 1992; Kh. Y. Naguib, 1996; A. F. Ali, 1995) carried out different trials 

to reduce the iron content in wet process phosphoric acid produced from dissolution of Abu- Tartor phosphate in 

sulfuric acid. The trials included solvent extraction or precipitation methods, n-butyl alcohol and tributyl phosphate 

TBP, were used to reduce the iron content from 3.0 to 1.6% from Fe2O3. The chemical analysis of the purified 

phosphoric acid obtained indicated that such method gives acceptable phosphoric acid for chemical industrial uses. 

Several materials were used to reduce the iron content by precipitation, the most suitable of which were found to be 

Na2CO3, NaOH and KOH while sodium oxalate was found to be a poor precipitating agent. Although potassium 

ferrocyanide gave good precipitating results but is not recommended because of its poisonous nature (A. A. Hanna 

1999). The present work is aimed to study in details the reducing of iron content from wet process phosphoric acid 

and apply the obtained optimum conditions on the diluted phosphoric acid which partially purified using solvent 

extraction technique using a mixture of butanol and octanol. 

 

2- Experimental procedure 
 

2.1- Materials 

 The starting material of the present work is Egyptian wet process phosphoric acid which have the following 

components (P2O5 = 44.0%, Fe = 2.6%, Cu = 0.0012%, Cd = 0.001%, F = 0.7%) was supplied from Abu-Zaabal 

Co., Cairo, Egypt. Abu Tarturbentonite was used. All chemicals and reagents were of A.R. grade and used without 

further purification. Fe was determined by GBC 932- AAS. 
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2.2- Procedure 

Before iron extraction process, pretreatment of the crude phosphoric acid must be occurred by removal of 

organic matters present in the acid (A. A. El-Asmy et al. 2008). Crude phosphoric acid was mixed with bentonite 

(11.67 g/l) for 30 min. and the acid was left to settle down. Polycrylamide type (0.5 mg/l) as a flocculating agent 

was added to enhance the settlement of the suspended materials. 

Extraction experiments were carried out in a mechanically agitated and thermostatic beakers containing 

iron in 50 mL of phosphoric acid and 100 mL of D2EHPA. The mixture was agitated by a mechanical device at 

constant stirring speed 400 rpm. After 5 min, the organic and aqueous phase was separated and the iron 

concentration was determined in aqueous phase by atomic absorption spectrometer. Whereas the concentration of 

the iron in the organic phase was calculated from the difference of the iron concentration in the aqueous phase 

before and after the extraction process, the results were expressed as percent iron extracted.  

Concentrated Phosphoric acid (44% P2O5) was purified by solvent extraction process using mixture of 

butanol and octanol in three steps (M. I. Amin 2010), a) first is extraction process for H3PO4 by the mixture of 

butanol and octanol organic solvent, b) the second step is scrubbing process, in this process organic solvent was 

loaded with H3PO4 and some of undesirable impurities such as iron so that washing of loaded organic solvent using 

pure phosphoric acid is necessary for removal of these impurities and to produce highly pure phosphoric acid, c) the 

third step is stripping process of H3PO4 from loaded organic solvent using distilled water and producing of diluted 

phosphoric acid. In this work, the removal of iron from Egyptian wet process phosphoric acid was investigated and 

finally the obtained recommended optimum conditions are applied on another type of phosphoric acid partially 

purified by solvent extraction process using mixture of butanol and octanol. Many successful trials were achieved to 

purify phosphoric acid by organic solvent extraction process (A. A. Hanna et al., 1995, 1999; L. James et al., 1977; 

H. Ahmed et al., 2007) but these trials are expensive because of applying scrubbing process using pure phosphoric 

acid (step b) so that the main goal of this work is extraction the iron from both Egyptian wet process phosphoric acid 

and partially purified phosphoric acid without applying the scrubbing during the purification process. For this 

purpose, 50 mL of partially purified phosphoric acid was agitated with 100 mL of 2M D2EHPA for 5 min under 

room temperature. 

 

3- Results and Discussions 
3.1- Effect of acid concentration 

 The effect of phosphoric acid concentration on the extraction process was studied in the range 2.0 – 9.2M. 

The operating conditions used were [Fe] =10000 ppm, phase ratio O/A=2, stirring time= 5 min., [D2EHPA] = 2.0M 

and the extraction temperature was room temperature. From (Fig. 1) it is noticed that the iron removal efficiency (Fe 

Eremoval, %) decreased by increasing the phosphoric acid concentration reached 12% removal efficiency at 9.2M 

phosphoric acid while the  Fe Eremoval, % reached 69.3% by using 2.0M phosphoric acid. 

 

3.2- Effect of D2EHPA concentration 

   The extraction of iron from phosphoric acid (2.0 M) was studied at room temperature. The results (Fig. 2) 

show that within the concentration range (0.1-2.86 M) of solvent, Fe Eremoval' % increase with the increase of organic 

solvent concentration. 

 

3.3- Effect of organic to aqueous phase ratio 

 The effect of changing org. / aq. phase ratio between 1.0 and 6.0 on Eremoval' % of Fe from phosphoric acid 

(2.0 M), was investigated using D2EHPA organic solvent. (Fig. 3) depicts that Eremoval' % of Fe increases by 

increasing the organic to aqueous phase ratio. 

 

3.4- Effect of temperature 

The removal of Fe from the phosphoric acid (2.0 M) was investigated at different temperature between 25 

and 70°C. (Fig. 4) The Org. /Aq. phase ratio was 1:1 and the shaking time was 5 min. It is shown that Eremoval' % of 

Fe increased from 69.3 to 80.1%. Fig. 4 shows also that the increase of Eremoval' % is less pronounced upon 

increasing the temperature from 25 to 70°C. This is interesting when energy consumption either for cooling or 

heating is considered.  
 

 The results are also plotted in (Fig. 5) in the form of ln D versus 1000/T °K. The results fit a straight line 

equation with a slope value -1.34. The relation between the equilibrium constant K and the temperature is given by 

Vant Hoff equation: 
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dlnK/dT = ∆H/R.T
2
 

 

 By integration, 
 

lnK = (-∆H/R)(1/T) 
 

 And since the distribution ratio D is related by definition to the equilibrium constant K, the previous 

equation could be written: 
 

lnD = (-∆H/R)(1/T) 

It was possible to calculate the enthalpy change (∆H) this value is 11.14 KJ/mol for. The positive values of 

∆H refer to the positive effect of extraction temperature.  

 

3.5- Effect of Stirring time 

Stirring time is an important factor in determining the efficiency of liquid-liquid extraction processes which 

involve mass transfer between two liquids. The effect of stirring time was investigated between 0.5 and 6.0 min. 

under the following conditions: (H3PO4 =2.0M, O/A =2:1 and T 25°C). The results are graphically presented in (Fig. 

6) evidently the extraction was found to be rapid and 5 min is the prefer stirring time for iron removal from 

phosphoric acid. 

 

3.6-Mac-Cab Thiele Diagram for removal of iron from phosphoric acid 
 

Considering the optimum conditions for iron extraction from 2.0 M phosphoric acid using 2.0M D2EHPA, 

stirring time of 5.0min and at room temperature, iron extraction equilibrium curve (Fig. 8), was used to calculate the 

number of counter current, it is found that four stages required to achieve about 96.9% removal yield at 25 °C. 

 

3.7- Application  

 Phosphoric acid was purified by solvent extraction process using a mixture of butanol and octanol by Amin 

et al. [11], to produce highly grade phosphoric acid can be used in food applications. The advantage of this method 

of purification is production of very highly pure grade phosphoric acid but the main disadvantage of this technique 

is highly expensive cost because of applying scrubbing process which is an important step to decrease the iron from 

loaded organic solvent during the purification process. In this work, the recommended optimum conditions 

(D2EHPA =2.0M, Org. /aq. =2.0, Temperature = 25 C° and H3PO4 = 2.0M) were applied on the produced partially 

purified diluted phosphoric acid by Amin et al., without scrubbing process (Fe = 2344 ppm). The results revealed 

that iron Eremoval' % from partially purified phosphoric acid reached 99.91%, from this result the removal of iron 

using solvent extraction technique using D2EHPA organic solvent from diluted partially purified phosphoric acid 

give satisfactory results hence, the removal of iron from such partially purified phosphoric acid can be achieved 

using solvent extraction technique instead of applying scrubbing process of loaded organic solvent from economic 

point of view. The flow sheet1 show all steps for the purification of phosphoric acid and extraction of the iron using 

D2EHPA as an organic solvent for production highly pure grade phosphoric acid without applying scrubbing 

process of loaded organic solvent (loaded butanol and octanol). Table 1 show the iron concentration in crude wet 

process phosphoric acid, partially purified phosphoric acid obtained without scrubbing process and finally purified 

acid using D2EHPA organic solvent technique.  

 

 

 

Table 1- Chemical composition of different types of phosphoric acid 

Type of acid Fe, ppm Fe Eremoval'% P2O5, % 

Crude H3PO4 40560 - 44 

Stripped H3PO4 without 

scrubbing 
2344 78.81 12 

Finally purified H3PO4 10 99.91 12 
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Flow sheet 1- Production of highly pure grade phosphoric acid 

 

 

 

Solid waste 

Bentonite clay (11.67g/L) 

 

 

                                                                                                   Waste 

 
SiO2 (11.85g/L) 

 

Na2CO3 (20.89g/L) 

 

 

 

Solvent extraction  

bybutanol and octanol (Org./aq. 2:1) 

 

 

 

 

 

Distilled water 

 

 

 
 

D2EHPA (2M) [Org./aq 2:1] 

 

 

 

 

 

Crude phosphoric acid (44% P2O5) 

Settling 24hr 

Stirring 1hr  

Filtration  

Stirring 1hr 

Stirring 1hr 

Filtration  

Pre-treated phosphoric acid 

Aq. Phase (raffinate soln.) Loaded organic phase 

Mixing for 15 min. and then separation 

Loaded organic phase 

Mixing for 15 min. and then separation 

 

Partially purified phosphoric acid 

 

Finally purified phosphoric acid  

 

Mixing for 5 min. and then separation 
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Fig. 1- Effect of phosphoric acid concentration on the iron Eremoval %  

 
 

 

Fig. 2- Effect of D2EHPA concentration on the iron Eremoval %  

 
 

Fig. 3- Effect of organic to aqueous phase ratio on the iron Eremoval %  
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Fig. 4 - Effect of temperature on the iron Eremoval %  

 
 

Fig. 5- ln D as a function of 1000/T  
 

 
 

 
Fig. 6- Effect of stirring time on the iron Eremoval %  
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Fig. 7- McCabe-Thiele diagram for the extraction of iron  

 
 

 

Conclusion 
 

Removal of iron from wet process phosphoric acid was investigated by solvent extraction using di-

ethylhexyl-phosphoric acid. Iron was extracted from 2.0 M H3PO4 in four stages at 25 °C with organic/aqueous 

phase ratio equal 2:1 while the stirring time was 5 min. The percentage of removal was 69.3 and 99.9% for Egyptian 

phosphoric acid and diluted phosphoric acid obtained by Amin et al., without scrubbing process respectively. ∆H 

was calculated 11.14 KJ/mol, the positive value of ∆H refer to the positive effect of extraction temperature.  
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