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bstract

In the present work, the purification of the wet process phosphoric acid (WPA) with mixtures of methyl isobutyl ketone (MIBK) and tri-butyl
hosphate (TBP) was investigated. Based on a three step purification process, the optimal solvent mixture composition that yielded the highest
urified acid with the greatest possible P2O5 recovery was obtained for an MIBK percentage of 55%. Acid recovery increased for higher solvent
IBK contents whereas the impurities’ contents were lower for near equal TBP and MIBK percentages in the binary solvent mixture. The phase

iagram of the ternary system H PO –water–optimal solvent mixture was determined. The partition ratios for H PO as well as three trace metallic
3 4 3 4

mpurities were also obtained. Relative purification was better for Mg. The lowest selectivity was that of Fe which, unlike for the other trace
lements does not improve when the solvent rate increases. The best purifications are obtained for the higher solvent mixture rates. While TBP has
he highest selectivity, compared with MIBK, the solvent mixture is more selective for extracting H3PO4.
 2007 Elsevier B.V. All rights reserved.
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. Introduction

Several techniques are used in the manufacture of industrial
hosphoric acid. The so called thermal process produces a pure
hosphoric acid at the expense of very large energy consump-
ion. The wet process phosphoric acid (WPA) is produced by
chemical reaction of the phosphate rock with a mineral acid

1–3]. This method is known to be the most economical way of
etting phosphoric acid [1]. Three mineral acids can be used:
itric, hydrochloric and sulfuric acid. In Tunisia, sulfuric acid
s used to transform the local phosphated minerals according
o a dihydrate process. Due to the presence of impurities in the
aw material the produced phosphoric acid inevitably contains
any chemical species. Some of these elements are detrimen-

al to the quality of the acid for its end uses in the fertilizers
r food industries [4]. The WPA has to be purified. Several
hysicochemical treatment techniques based on precipitation,

dsorption, ion exchange and solvent extraction are available.
one of these techniques is solely capable of carrying such task.
ome, such as membrane techniques are yet at an early stage of
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evelopment [5]. The best practical results with respect to the
owering impurities’ contents of the industrial phosphoric acid
ere obtained when combining chemical and solvent extraction
ethods [6,7].
Many organic solvents can be used for the purification of

he WPA [3,4,6,8–13]. Unfortunately, none of these solvents
s highly selective to phosphoric acid and the purification pro-
ess is generally curried out in several steps. According to their
ature, these solvents act differently: some are capable of pre-
ipitating part of the impurities; others can extract cationic or
nionic impurities. A number of solvents such as certain alco-
ols, ketones, ether oxides and phosphoric esters are able of
xtracting the phosphoric acid. Because of their effectiveness,
he last ones are widely used in WPA purification by solvent
xtraction processes [3,4].

Purification processes involving methyl isobutyl ketone
MIBK) are widely reported in the literature [7,10,13,14]. The
se of tri-butyl phosphate (TBP) was also reported [8,10,15,16].
oth solvents are attractive because of their immiscibility with
queous solutions, good selectivity to phosphoric acid and easy

ecovery. Since they are also reasonably non-toxic and non-
nflammable, their use is almost non-hazardous if appropriate
ontrol measures are taken [17]. While phosphoric acid extrac-
ion with MIBK could be carried out at room temperature, the
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Table 1
Wet process phosphoric acid composition

P O (wt.%) Al (ppm) Ca (ppm) Fe (ppm) Mg (ppm) V (ppm) SO 2− (ppm) Zn (ppm) Cd (ppm) Cr (ppm)
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xtraction with TBP should be conducted at higher tempera-
ures because of its relatively high viscosity. However, TBP has

better selectivity in phosphoric acid extraction than MIBK.
herefore, our goal in this work was to investigate the purifi-
ation process of WPA with MIBK and TBP mixtures in order
o eventually profit from the advantages of each solvent while
voiding their disadvantages. The equilibrium distribution of
hosphoric acid and some trace metallic impurities between
rganic and aqueous phases has been considered.

. Experimental procedures

.1. Raw material

The raw material of this work was a treated industrial WPA.
he treatment was intended to reduce the organic matter as well
s some mineral impurities in the acid. After the treatment the

PA was analyzed and showed the results given in Table 1.

.2. Choice of the solvent mixture

The best solvent mixture should be able to yield a highly
urified acid with the maximum P2O5 possible recuperation.
olvent mixtures performances in a WPA purification process
ere compared. Based on our previous experience with purifi-

ation of the WPA using TBP and MIBK separately, a three step
cid purification process was adopted. The process was carried
ut at 25 ◦C. The first step consisted of an extraction with a
olvent to WPA volume ratio of 3.5. The acid was mixed with
he solvent mixtures in conical flask and intensively shaken for
0 min and allowed to settle. Then the extract was collected and
ashed with distilled water at a 5% weight ratio as in the first

tep. The third and the final step consisted of a stripping of the
hosphoric acid with distilled water at a 20% weight ratio for
hich the intensive mixing was continued for 15 min. The aque-
us phase, being the purified phosphoric acid, is recovered and
nalyzed for P2O5 and impurities.

.3. Analysis techniques

The P2O5 content was determined by volumetric titration
ith NaOH using bromocresel green and phenolphthalein indi-

ators with an accuracy of ±0.2%. The water composition was
etermined by the Karl–Fisher method with a 4% experimental
rror [18]. Metallic impurities’ contents were determined using
Jobain Yvon ICP 2000 spectrometer previously calibrated with

dequate standards within the concentration ranges of the sam-
les with an accuracy of ±0.2%. The raffinate organic matter
ontent was determined by using a redox titrimetric method
sing a hot mixture of K2Cr2O7 in sulfuric medium. The excess

T

a

4

74 9582 209 20 319

f Cr2O7
2− was back titrated with a standard solution of Fe2+.

he relative error was below 2.5%. The raffinate fluoride content
as analyzed within a ±2.5% accuracy range by titration with

horium nitrate the fluoride formed while decomposing H2SiF6
ntrained by steam distillation of the raffinate sample and sul-
uric acid mixture with an excess of SiO2. Concentrations for
rganic and aqueous phases were obtained as weight ratios.

.4. Liquid–liquid equilibrium at 30 ◦C of the system
3PO4–water–solvent mixture

In order to develop the phase diagram of the ternary sys-
em H3PO4–water–solvent mixture, a series of initial mixtures
eighing 250 g were prepared. They were vigorously shaken

or 20 min and allowed to settle in a thermo stated bath at 30 ◦C.
fter separation, the conjugated phases were weighed and the
2O5 and water contents of both the extract and the raffinate
ere determined.

.5. Solvent rate optimization in batch extraction
perations

As in the previous section, several initial mixtures with dif-
erent solvent rates were prepared and undergone a similar
reatment as described earlier. After separation, the conjugated
hases were weighed and analyzed for P2O5 and impurities.

. Results and discussion

.1. Solvent mixture composition optimization

The P2O5 yield of the adopted WPA purification process ear-
ier described is given in Fig. 1. As the solvent MIBK content
ncreased, the P2O5 yield improved. The composition of some
race metallic impurities in the purified acid as a function of the
olvent mixture MIBK content is revealed in Fig. 2. The con-
entrations are given for an equivalent P2O5 purified phosphoric
cid content of 60%. For all trace impurities, the concentration in
he acid passes through a minimum as the MIBK percentage of
he solvent increased. This was also true for fluoride and organic

atter contents as the weight ratios P/C and P/F were highest
or the same solvent MIBK concentration range as can be seen
n Fig. 3. The best purification performances were obtained for
n optimal MIBK weight fraction of 0.55 in the solvent mixture.

.2. Phase diagram of the system water–H3PO4–MIBK and

BP at 30 ◦C

Since solvent mixtures allowed obtaining purer phosphoric
cids, it was interesting to determine the distribution of H3PO4
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clear that the acid distribution curve for the solvent mixture lies
between those of pure solvents. That is, for high WPA concen-
trations and with regarding H3PO4 extraction capability, MIBK
performs better than the solvent mixture which in turn is superior
ig. 1. P2O5 yield of the WPA purification process vs. MIBK solvent mixture
ontent.

nd impurities between solvent and aqueous phases for extrac-
ion operations of the WPA with the optimal composition solvent

ixture. It was then necessary to establish the phase diagram
f the pseudo-ternary system water–H3PO4–MIBK (55%) and
BP (45%) solvent mixture. All extractions were performed at
0 ◦C. As described previously, several WPA and solvent initial
ixtures were prepared. In each case after separating, weighing

nd analyzing the conjugated phases, a material balance was
urried for each key component. The deviations did not exceed
.8% in the worst case.
The equilibrium phase diagram of the system water–
3PO4–MIBK and TBP solvent mixture is shown in Fig. 4 on
hich, for each mixture, the conjugated phases were connected
ith tie-lines. The plait point shown in the same figure was esti-

ig. 2. Purified WPA impurities’ contents vs. MIBK content of the solvent
ixture.

F
w

ig. 3. Effect of solvent MIBK content on P/C and P/F weight ratios of the
urified WPA.

ated according to the Hand method [19]. As for most organic
olvents used for WPA purification, the slope of the tie-lines
hanges as the mixture approaches the plait point. Fig. 5 gives
he H3PO4 distribution between the organic and the aqueous
hases at 30 ◦C as compared to that of pure TBP at 45 ◦C [16]
nd pure MIBK at 25 ◦C [14]. Although the WPA quality was not
he same and the extraction temperatures were not identical, it is
ig. 4. Equilibrium phase diagram of the pseudo-ternary system H3PO4–
ater–solvent mixture (55% MIBK, 45% TBP).
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Fig. 6. Trace metal distribution isotherm for the extraction of the WPA with a
solvent mixture (55%MIBK, 45%TBP) at 30 ◦C.
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Fig. 5. H3PO4 distribution isotherm for solvent extraction of the WPA.

o TBP. This trend is inversed for lower WPA concentrations.
imilarly to most organic solvents used for WPA purification,

he phosphoric acid partition ratio (KH3PO4 = yH3PO4/xH3PO4 ),
efined as the ratio of H3PO4 content in the extract and that in
he raffinate, increases when the acid concentration increases.

.3. Batch extraction operations

The optimum solvent rate was sought within the range defined
y values obtained through graphical constructions based on the
chieved ternary diagram for a single batch extraction operation
20]. As for the determination of the equilibrium isotherm, sev-
ral initial mixtures with different solvent rates were prepared
nd undergone a similar treatment likewise in Section 2.3. The
onjugated phases were separated, weighed and analyzed for
2O5 and impurities. In Fig. 6, the distribution of some trace
omponents (Al, Fe, and Mg) is given. The partition ratio for
ll three trace metals decreases as the metal concentration in the
queous phase increases.

The relative purification or selectivity towards H3PO4 with
espect to any impurity is an important factor for the choice of
he best solvent to conduct the extraction operation. It is defined

s the ratio of partition coefficients of H3PO4 and that of the
mpurity (SH3PO4

imp = KH3PO4/Kimp). The higher is the selectiv-
ty, the purer is the phosphoric acid stripped from the extract
hase. Fig. 7 shows the relative purification for the selected

c
i
c
p

able 2
electivity of acid extraction with respect to some impurities in the WPA (for an extr

olvent Extraction temperature (◦C) Averag

X = Mg

BP 45 280
5%MIBK, 45%TBP 30 97
IBK 25 48
ig. 7. Relative purification of H3PO4 with respect to some impurities for the
xtraction of the WPA with a solvent mixture (55%MIBK, 45%TBP) at 30 ◦C.

race metallic impurities as a function of the phosphoric acid
oncentration in the raffinate. For all impurities the selectivity

ncreased as the acid concentration decreased. The WPA purifi-
ation capacity of the solvent mixture is compared to that with
ure solvents in Table 2 which shows the average selectivity of

act H3PO4 weight fraction: 10–12%)

e selectivity, SH3PO4
X (KH3PO4 /KX)

X = Al X = Fe X = SO4

184 73 25
42 14 5
31 10 4
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3PO4 extraction. Despite the fact that the WPA and the extrac-
ion temperature were different for each solvent, the selectivity
ith respect to all impurities for the solvent mixture lies between

hose of pure solvents. The TBP is more selective to H3PO4
xtraction then the solvent mixture and MIBK. In every single
ase, the relative purification was better for magnesium than for
he other two considered metallic impurities which in turn were
uperior to sulfates. For the solvent mixture the relative purifi-
ation for iron and sulfates do not improve when the solvent rate
ncreases. The best purification can be obtained for the highest
olvent rate, i.e. low acid contents in both phases.

Unfortunately, because the purification process is actually
arried out in three steps, the overall performance of any sol-
ent would depend not only on the extraction process but also
n the washing and stripping operations. The presented equi-
ibrium data for the distribution of H3PO4 and other impurities
etween the organic and the aqueous phases is valuable infor-
ation that can be used to predict the overall performance, to

ocate the best operating conditions and to design the needed
xtractors for conducting the purification process. These objec-
ives can be accomplished more easily through the simulation
f the purification process while adopting batch or continuous
olumn liquid–liquid extraction approaches [7,14,16,21].

. Conclusion

In this work purification of the wet process phosphoric acid
WPA) with mixtures of methyl isobutyl ketone (MIBK) and tri-
utyl phosphate (TBP) was considered. Solvent mixtures that
ielded the highest purified acid with the greatest possible P2O5
ecovery for a typical three step purification process were found.
he purification process consisted of an extraction, a washing
nd stripping operations. The P2O5 recovery increased for higher
olvent MIBK content whereas the impurities’ contents were
ower for near equal TBP and MIBK weight fractions in the sol-
ent mixture. The best purification performances were obtained
or a solvent mixture having an optimal MIBK content of 55%.
hen, for the optimal solvent mixture, the phase diagram of

he ternary system H3PO4–water–solvent mixture was deter-
ined. The partition ratios for H3PO4 as well as Al, Fe and Mg

aken as trace metallic impurities were also obtained. For all key
omponents, the partition coefficient decreases as the element

oncentration in the aqueous phase increases. The relative purifi-
ation between H3PO4 and each trace metallic impurity was also
erived. For all impurities, the selectivity increases as the acid
oncentration decreases. Relative purification was better for Mg

[

[

tion Technology  55 (2007) 212–216

han for the other two metals. The lowest selectivity was that of
e which, unlike for the other trace elements does not improve
ery much when the solvent rate increases. The best purification
as obtained for the highest solvent mixture rates. The solvent
ixture is more selective than the MIBK but less selective than
BP with respect to acid extraction.
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Progrès en Génie des Procédés, vol. 92, Lavoisier Tech. & Doc., Paris,
2005.
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