
Mansoura Journal of Chemistry Vol. 35 (1), June, 2008. 

PURIFICATION OF COMMERCIAL PHOSPHORIC ACID 
TO THE FOOD GRADE QUALITY BY LIQUID/LIQUID 

SOLVENT EXTRACTION 

Laila A. Guirguis, Hisham K. Fouad and Randa M. EL-Rakaiby 
Nuclear Materials Authority. P.O Box 530 Maadi, Cairo, Egypt 

(Received: 23 I 1 I 2008) 
ABSTRACT 

Commercial phosphoric acid ( 45% P20 5), obtained 
from Polyserve Fertilizer Company, Egypt. was presently 
used. This work is divided into several steps, where it begins 
with the pretrealment step. In this step, desulphurization of 
phosphoric acid by phosphate ore addition is performed. then 
defluorination by the addition of sodi~m carbonate. which is 
followed by the removal of soluble and insoluble matter by 
activated clay addition, filtration and passing through carbon 
columns. Cations are removed by extraction with n-butanol. 
Different factors affecting the extraction. scrubbing and 
stripping steps have been studied. In the post treatment step, 
the purified acid (37% P205) is concentrated under vacuum to 
85% P20s and then passed through activated carbon column 
to reach the water white color. The ob~ained purified acid is 
found to be in good agreement with the international standard 
specifications for food quality. Finally. on the light of the 
obtained results a technological flow sheet is elucidated. 

Keywords: Commercial, Phosphoric acid,. Purification, Food grade, 
Solvent Extraction 

INTRODUCTION 

• The necessity of very pure phosphoric acid has increased in 
recent years because of its progressive need in foodstuffs, animal feed 
additives, and liquid fertilizers. Solvent extraction processes have 
attracted great attention for wet process phosphoric acid purification and 
a considerable number of solvents have been studied as extractants, 
including the alcohols [Bergdorf & Fischer (1978); Ruiz et al. (1978); 
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Ruiz et al. (1985) and Guirguis et al. (2006)], mixed alcohols and 
ketones [Marco et al. (1988) and Ruiz et al. (1998)), ketones [Marcilla 
et al. (1993), a & b and Fek et al. (1994)], long chain tertiary amines 
[Stentrom et al. (1986) and Stentrom & Wingefors (1988)), ethers 
[Ruiz et al. (1986), a & b; Ruiz et al. (1987) and Marcilla & Ruiz 
(1989)] and others [Ahmed et al. (2006) and Myriam et al. (2006)]. 
Some patented processes are described in the literature by authors related 
to the R&D departments of commercial firms involved with either 
phosphoric acid processing or associated equipment [Me Cullougb et al. 
(1976); Bergdorf & Fischer (1978) and Ruiz et al. (1978)], whereas a 
complete ·review of the commercial purifying wet process phosphoric 
acid is given by the Phosphorous Derivatives under ISO 9002 Standards 
(1985). 

EXPERIMENTAL, RESULTS AND DISCUSSION 

A commercial wet process phosphoric acid from the Polyserve 
Fertilizer Company, Egypt, with 45% P20s is the starting material for this 
work. ·The acid is almost dark brown-to black in color due to the presence 
of organic matter, besides varying amount of suspended mineral solids 
due mainly to CaS04 escaping from the filter and to precipitation from 
supersaturated hot acid during its cooling. Therefore, the acid is normally 
considered as an unstable physico-chemical system. The obtained 
chemical analyses of this acid are shown in Table ( l ). The purification 
process is divided into three main steps namely; pretreatment, solvent 
extraction, solvent regeneration for recycling and post treatment. 

Acid pre-treatment 
The pre-treatment operation involves an extensive preparation 

including cooling, desaturation, desulphurization, defluorination and clay 
treatment, beside, filtration and adsorption through activated carbon. 

Cooling and desaturation of the acid 
The phosphoric acid as received was left tc stay during cooling 

for about 24 hours in a . slowly agitated tank to allow all the 
supersaturated salts to precipitate. 

. ... 
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Desulphurization 
Four grams of phosphate ore are added to one liter 0f phosphoric 

acid to react with its free sulphuric acid giving insoluble calcium sulphate 
according to the following reaction: 

Table (1): Complete chemical analyses of the used industrial 
phosphoric acid (In-Put acid) 

Major and minor elements Trace elements 
Component Assay(%) Elements 

P20~ 45.00 u 
Si02 0. 13 Th 
CaO 1.92 Zr 
Fe203 3.56 Zn 
AhOJ 0.25 Cd 
MgO 0.491 Cu 
MnO 0.039 As 
T i02 0.062 Sr 
NazO 0.380 Ba 
K20 0.201 Mo 
r- 0.81 v 
cr 0.00 16 Cr 

so"'-- 5.65 Pb 
H20 combined 22.1 Co 

H20 free 27.04 Ni 
*REE+Y 

B 
(*REE+Y: Rare Earth Elements and Yttnum) 

Dcfluorination 

Assay (ppm) 
74 
2 
IS 

140 
4 
8 
3 

1300 
505 

5 
11 3 
124 
6 
8 
16 

359 
0.05 

Sodium carbonate (O.Sg) was found suitable to react with the 
fluorine present in one liter acid giving insoluble sodium fluorosilicate 
according to the following equation: 

Clay treatment 
Local activated clay. provided by a Ceramic Company, was used 

to trap most of the soluble humic matter present in the acid. A quantity of 
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2g/l was found to be quite adequate, where Jn optical density of 0.2 at a 
wavelength of 405run has been obtained. 

Adsorption through activated carbon 
In order to remove the soluble humic matter and organic material. 

the filtered acid was allowed to pass through activated carbon columns 
(60cm in length and 2cm in diameter). Each column was packed with l5g 
of locally produced activated carbon supplied by EL-Nasr Company for 
Coke and Basic Chemicals. Table (2) shows the complete chemical 
analysis of the obtained green acid after pretreatment step. 

Table (2): Chemical analysis of Polyserve phosphoric acid after pre­
treatment (green acid). 

Major and M inor E lements(%) Trace E lements (ppm) 

Component Assay Component Assay 

PzOs 45.5% u 74 
SiOz *U.D.L Th 2 
MgO 0.20 Co U.O.L 
CaO 0.14 Pb U.O.L 

FezOJ 1.21 Be U.D.L 
Alz03 0.30 Ba U.O.L 
NazO 0.05 Sr 30 
KzO 0.03 B 0.02 
MoO 0.03 v 80 
TiOz 0.01 Cd 4 

F" 0.005 Cu 8 
cr U.D.L As 2 

so-~- 0.10 Sr 30 
H 20 combined 22.9 Mo 5 

HzO free 28.03 Ni 16 
Total REE 300 

Zr 5 
Zn 140 

*U.D.L : Under Detection Lun1t 

• 
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Solvent extraction 
The process of solvent extraction is divided into three main steps 

namely: extraction. scrubbing and stripping besides solvent regeneration. 
Different solvents have been tested and indeed used commercially to 
extract phosphoric acid as shown in Table (3). It is clear that both 
acetone and methyl isobutyl ketone are the most promising solvents to 
extract the phosphoric acid. However, they are miscible with water and 
they have to be recovered by distillation. Moreover, the fraction percent 
of rejected component impurities is smaller than that of n-butanol. A 
compromise should be made between ease of separation, solubility of the 
solvent with the acid. stability of solvent, selectivity and extraction 
efficiency. Further experiments . were carried out on n-butanol only. 
because it has lower solubility and higher stability. The relevant factors 
affecting the extraction process are studied below. 

Table (3): Solvents tested for the extraction of phosphoric acid 
(45.5% p,o~) - . 

PzO:; Fntction (%) of Rejected 
Solvents Extraction Components 

(%) Fe20J AhOJ MgO u 
N-butanol 69 85 95 75 75 

!so-butanol 61 80 85 70 65 
1-Heptaool 40 100 100 99 80 

Acetone 80 55 55 43 50 
Methyl isobutyl 75 65 70 65 70 
ketone (MIBK) ! 

Tri-normal 
butyl phosphate 52 75 78 69 60 

(TBP) 
TBP +isobutyl 

69 80 85 70 62 
ketone 

TBP + butanol 58 82 93 70 66 

Effect of contact time 
The effect of contact time on the attainment of equilibrium has 

been studied for the time intervals from 5 to 40 minutes and illustrated in 
(Fig. 1 ). It is obvious that a contact time of 20 minutes is quite adequate. 
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Effect of settling time 
This effect was studiea at constant agitation speed of 3000rpm at 

an initial time of 1, 3, 5, 7 and I 0 minutes. It is clear from (Fig. 2) that a 
settling time of 5 minutes is quite reasonable. 

Effect of temperature 
For studying the effect of temperature on the distribution 

coefficients. which reflects its results on the percentage of P20 5 

extraction from phosphoric acid, experiments were carried out using an 
electric thermostat. the temperature of which is regulated from 5°C to 
85°C, where the other extraction factors were kept constant at the 
obtained optimum value. It is clear from (Fig. 3) that temperatur~ has 
little effect on the extraction results between 5°C and ambient 
temperature. The reason for the decrease of the P20 5 extraction at higher 
temperatures betv;een 45°C and 85°C could be due to the solvent 
dissociation or formation of different complexes. Fo~ practical reasons. 
room temperature (25°C) could be used. '' 

:. l 

Effect of initial P20 5 concentration 
Three different initial P20 5 concentrated samples were obtained 

from Polyserve Fertilizers Company, Egypt, namely: 30%. 45% and 56% 
P20 5. Each of these samples was pretreated to the green acJd as 
mentioned before. The results obtained are given in Table (4). In general, 
P20 5 extraction increases with an increase in the initial r:P20s 
concentration. However, we used the 45.5% P20 5 acid concentration, as 
it is the one produced on a large scale by the company. ' · 

Effect of organic/aqueous phase ratio 
The same adopted technique for the general extraction was 

followed at the optimum values previously determined except that the 
organic/aqueous phase ratio (w/w) was varied from 1 :3 to 3:1. The 
results shown in (Fig. 4) indicate that the best organic to aqueous phase 
ratio is I : 1. 

• 
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Fig. (2) : Effect of Settli ng Time on Extrac tion of P20 5 from 
phosphoric ac id. 

57 



Laila A. Guirguis, eta!. 

72 
....... 
~ .. -- 70 . c --.... 
0 

t:i 68 . 
~ 

= .... 
w 66 

<r. 

0 
2 64 

62 

60 

0 20 40 60 80 

Temperature, °C 

Fig. (3) : Effect of temperature on extraction of P20 5 

from phosphoric acid. 

72 

....... 69 
~ = .._.. 
c: 66 .s: 
(J 

«< 63 .... -.. 
~ .,, 60 
0 
2 

57 

54 

1'3 

0 /A Phase Ratio 

100 
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Table (4): Effect of acid concentration on the extraction 
of P20s from phosphoric acitl 

Acid 
Concentration, % 

30 
45 
56 

Experimental procedure 

P20s Extraction, % 

64 
69.5 
74 

59 

A mixture of 50g of the acid and 50g of the solvent was stirred 
vigorous ly with a magnetic stirrer and a thermostat. to control the 
temperature. f0r 20 minutes in a 400ml beaker. The mixture is then 
transferred to a separating funnel and allowed to settle for 5 minutes. The 
aqueou~ and the organic phases were separated, their weights and 
volumes were recorded and the sample of the aqueous phase was 
analyzed. Due to the mutual solubility of the alcohols and water there 
were great changes in the volumes of the organic and aqueous phases 
after equilibrium; this was taken into consideration when eva}uating the 
results. Some tests were conducted using alcohol saturated with water to 
minimize Ghanges in volume. In fact, the extraction coefficient is 
reflected on the P20 5 extraction percentage according to _ the following 
equation : 

%E = 1 OOD (P) I ( 1 +P) D. where; 
P (phase ratio)= volume of organic I volume of aqueous 
D (extraction coefficient) = [P20s] organ1c I (P20s] aqueous 

Distribution isotherm 
A distribution isothenn is a plot of the equilibrium concentration 

of the extracted species in the extracted phase against its concentration in 
the raffinate layer at a given temperature. Distribution isotherm can be 
prepared for either the extraction or the stripping process. The former is 

• called extraction isotherm and the latter is stripping isothenn. Data for 
the extraction isotherm can be easily obtained from either single contact 
of a fixed volume of aqueous feed (phosphoric acid) with different 
volumes of organic feed (n-butanol) or else by repeated contact of one 
and the same aliquot of the fresh organic feed (n-butanol) of equal 
volume. 

-
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Mc-Cabe Thiele diagram is a composite plot of the distribution 
isotherm and the operating line. The latter could readily be established by 
only one point, whi-ch corresponds to the final raffinate composition and 
the ratios of the aqueous to organic phases"that determines the slope at 
the line, as it is a straight line. On constructing the diagram. the s,tages are 
stepped off by extending a horizontal line from the vertical extremely of 
the operating line -to intersect the isotherm, then a vertical intercept to the 
operating line and so on until the other extremely of the operating line is 
intersected. The diagram can be used to approximate the number of 
theoretical stages required for a given process. Another importance of 
Mc-Cabe Thiele diagram is in evaluating the extraction results. It is clear 
from (Fig. 5) that four theoretical stages are quite adequate for P20s 
recovery, if the operating line is at an 0/ A phase ratio equals 1: 1. 

Scrubbing Process 
Washing the organic phase (loaded solvent) containing purified 

phosphoric acid after extraction is carried out to eliminate metal 
impurities where water, water saturated butanol or an aqueous 
phosphoric acid of greater purity than the wet phosphoric acid can be 
used. In this study, aqueous phosphoric acid after stripping (as given 
herein after) is used for this purpose at a phase ratio of 01 A of 40: 1 for 
20 minutes at room temperature !Berkowitz et al. (1982)]. As the 
concentration of phosphoric acid used for scrubbing is the same as that of 
the purified acid product, small amounts of P20 5 wer~ transferred 
between the organic phase and the scrubbing phosphoric acid. 

• 
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f ig. (5): Mc-Cabe Thiele diagram for P20 5 extrnction. 

Stripping Process 
Stripping is the removal of the extracted solute from the organic 

phase . .,,·herein the solute is obtained in an enriched and purified form 
and the solvent is simultaneously prepared for re-use (by distillation in 
the present study). 

Effect of different stripping reagents 
Five ditTerent reagents namely phosphoric acid, water contains 

salts of alkali metal carbonate or hydroxide, ordinary distilled water and 
water saturated butanol were tried to find out the most efficient reagent 
for the stripping, process at an 0 / A phase ratio of 3: I, room temperature . 
30 minutes contact time and 5 minutes settling time. It is clear from the 
obtained results shown in Table (5) that distilled water can be used for 
the stripping process since it is the cheapest and there will be no 
contamination from the added reagents. 
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T able (5): Effect of different reagents on the stripping process 

Reagents % S ofPzOs 
Phosphoric acid 79.2 

Water contains sodium salts 77.5 
Water contains 5% NaOH 78.6 
Water saturated butanol 79.7 

Distilled water 80 

Effect of contact time on the stripping processes 
The effect of contact time on the attained equilibrium state has 

been studied at intervals from 5 to 40 minutes. The other factors are kept 
at 0/A phase ratio of 3:1. settling time 5 minutes and the experiments 
were carried out at room temperature. It is obvious from Table (6) that a 
contact time of 30 minutes is sufficient. 

Table (6): Effect of contact time on the stripping process 

Time, minutes .. % S ofPzOs 
5 70 
10 73.5 
20 75 
30 80 
40 80 

Effect of settling time on stripping process 
The effect of settling time on P20 5 stripping from the organic 

phase was studied between 1 to 10 minutes while the other factors were 
kept at the optimum values. From the results shown in Table (7), a 
settling time of 5 minutes is satisfactory. 

Table (7): Effect of settling time on the stripping process 

Settling Time, minutes % S ofPzOs 
1 72.6 
3 73.4 
5 80 
7 80 
10 80 

• 
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Effect of temperature on the stripping process 

It is clear from Table (8) that as the temperature increases from 
25°C to 85°C. the P10 5 stri pping va lue decreases. So, room temperature 
could be used. 

Table (8): Effect of temperature on the stripping of P20s process. 

Temperature, °C S %, P20s 
5 76.5 

1--
76.5 15 

25 80 
35 78.5 
45 70.6 
65 66.4 
85 60 

Effect of organic/aqueous phase ratio on the stripping process 
Ditferent 0 /A phase ratios from 1/3 to 4/ 1 (w/w) were used to get 

the optimum phase ratio for P20 5 stripping t!·om the organic phases. The 
other factors nre fi xed at contact time .30 minutes. settl ing time 5 minutes, 
the ac id concentration is 45 .5% P20 5 and experiments are carried out at 
room temperature. From (Fig. 6) it is clear that the best organic to 
aqueous phase ratio is 3: 1. 
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Fig. (6): Effect of 0 /A phase ratio on the stripping of P20 5 process. 
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Equilibrium line and construction of Mc-Cabe Thiele diagram 
for the stripping process 

64 

It is clear from (Fig. 7) that four stages were found sufficient for 
the stripping of P20s from the organic phase at an organic to aqueous 
phase ratio of 3:1. A complete chemical analysis of the purified acid 
together v,:ith the start material (green acid) and the raffinate is shown in 
Table (9). 
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Fig. (7): Mc-Cabe Thiele Diagram for P20 5 Stripping. 
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T able (9): Purified acid analysis together with raffinate. 

G reen Phosphoric 
Component Phosphoric Acid Acid After Raffinate 

Before Purification 
Purification 

P20:; 45.5% 37% 7.5% 
Si02 U.D.L U.D.L U.D.L 
M20 0.2% U.D.L 0.2% 
CaO 0.14% 42 ppm 0.13% 
Fe20J 1.22% 70 ppm 1.21% 
AhOJ 0.3% U.D.L 0.3% 
Na20 0.05% 4 ppm 0.046% 
K20 0.03o/J 5 ppm 0.015% 
MoO 0.03% 6ppm 0.024% 
Ti02 0.01% U.D.L 0.01% 

F 0.005% U.D.L 0.005% 
cr , U.D.L U.D.L U.D.L 

SO/ - 0. 1% 5 ppm 0.099% 
u 74 ppm U.D.L 74 £Pm 

Co U.D.L U.D.L U.D.L 
Th 2ppm U.D.L 2 ppm 
Pb U.D.L U.D.L U.D.L 
Be- U.D.L U.D.L I U.D.L 
Ba U.O.L U.D.L U.D.L 

· Sr 30_I:>Pm U.D.L 30 ppm t 
B 0.02 ppm U.D.L 0.02 ppm '• 
v 80 ppm U.D.L 80 ppm 

Cd 4 ppm 0.02 ppm 3.8 ppm 
Cu 8 ppm 0.9 ppm 7 ppm 
As 2 ppm U.O.L 2 _p_pm 
Mo 5_ppm U.D.L 5_Qpm 

• Ni 16 ppm U.D.L 16 ppm 
IREE 300 ppm U.D.L 300 ppm 

Zr 5 ppm U.D.L 5 ppm 

U.D.L: Under Detect10n Luntt; REE: Rare Earth Elements 
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Post Treatment of the Purified Phosphoric Acid 
The obtained purified acid after solvent extraction is 37% P205. 

accordingly it is concentrated by evaporation under reduced pressure to a 
P20 s content in the range from 85% to 86% P20s. The obtained 
concentrated phosphoric acid is passed through activated carbon column 
at a flow rate of 60mllh to remove any residual contaminants. 

The produced acid is water colorless and odorless and in good 
match with the international specifications for food and analar quality 
acid as shown in Table (l 0). It is worth mentioning in this regard that 
complete ·decolorization of purified wet process phosphoric acid is 
achieved when the transmission of phosphoric acid against distilled water 
in 5cm cells at 365nm is greater than 80% (Import & Export Co. Ltd. 
(2001)]. From Lambert-Beer law a transmission of 80% and 90% 
measured in a Scm cells correspond to a transmission of 95.6cm and 
97.6% respectively measured in lcm cell. On the other hand, the West 
German additives control regulation of July 1 Or11

• 1984, Bundesg establish 
No. 30, 8897 t~ 90 I, states that the contents of the volatile acid 
calculated as acetie ·acid-· must be less than I Oppm !Schimmel et al. 
(1990)): Our prepared acid got- a value of 3ppm. -

. . 

Table .(10): Chemical analysis of the purified phosphoric acid together 
with the international standards samples. 

Purified International Standard International Sample 
Elements Phosphoric Sample of Chemically of Food Grade 

acid, Present Pure Acidllmport & Purity Acid[Jmport 
Work Export Co. Ltd. (2001) & Export Co. Ltd. 

(2001) 

Purity 85.5 85 max 85.5typical 85max 85.3 typical 
Color 10 20 max 10 typical 30 max 20 typical 
cr U.D.L 5 max I typical 5 max I typical 

SO/ 10 50 max 30 typical 50 max 30 typical 
F U.D.L 10 max 3 typical 20 max 3 typical 
As U.D.L I max 0.3 typical 50 max 40 typical 

Heavy metal 
4 ppm 10 max 5typical 

10 max 5 typical 
as Pb 

• 
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Industrial Grade Wet Process Phosphoric Acid 
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and undetected limit of llraoium. 

Fig. (8): Proposed technical flow sheet for purification of industrial grade wet 
process phosphoric acid to analar and food grade quality. 
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I: CONCLUSIONS 

The previous results show that: 
I. The solvent is stable and selective to phosphoric acid; extraction 

of uranium and heavy metals are negligible. The bulk of 
impurities including uranium are left behind in the raffinate from 
which it can be recovered. However. tluorosilicic acid is co­
extracted together with H3PO.~. so it is advisable to do the 
pretreatment step before extraction. 

2. The concentration of n-butanol has a positive effect on the 
extraction. so the solvent is used without diluents. 

3. The concentration of phosphoric acid has a positive effect on the 
extraction. so it is recommended to use high strength phosphoric 
acid. 

4. The temperature has a small effect on the extraction in the range 
studied. so extraction could be carried out at room temperatures. 

5. The suggested f1ow sheet. Fig (8). and the solvent used allow the 
preparation of purified phosphoric acid of various grades. 
fertilizers. chemical, animal feed. food quality and analytical acid. 
This is very important as one can produce the quality of acid 
needed in the market. 
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