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ABSTRACT

The production of highly pure grade phosphoric acid is very important due to its high economic value in
the different industrial applications. One of the most important purification techniques is solvent extraction
method which includes three main stages; extraction of P,0, followed by scrubbing process of the loaded
organic solvent and finally stripping process of the P,O, using distilled water (DW). Scrubbing stage is
considered as the most important stage of this technique that controls the purity degree of the phosphoric
acid and also controls the economic cost of the purification process. In this paper, the effect of different
added scrubber solutions on the scrubbing process of the tri-butyl phosphate (TBP) loaded organic solvent
were studied. In this context, pure phosphoric acid, oxalic acid, sodium hydroxide and DW were studied,
and the effects of the different factors on the PO, amount loss from the loaded organic solvent such as the
concentration of the added scrubber solution, stirring time and added scrubber solution to loaded organic
solvent phase ratio were investigated. From the obtained data, DW was considered as the most preferable
scrubber and iron was decreased from 40560 ppm to reach 10 ppm only, while Cu, Cd, Mn, Zn, U were not
detected and F- was decreased to reach 8 ppm in the highly pure grade phosphoric acid.

INTRODUCTION taminated impurities from the organic solvent
and then the acid contained in the washed or-
ganic solvent is stripped with water, this pro-
cedure gives a pure diluted phosphoric acid
which in a final step is concentrated (Amin,
2010). There are a lot of previous researches
in the field of purifying phosphoric acid using
organic solvents that shed light on phosphoric
acid purification by applying three main steps
(extraction, scrubbing then stripping process).
The second step is the process of scrubbing
(washing) the organic solvent loaded with
phosphorus pentoxide and some undesirable
impurities in order to remove the remain-

The most important technological process
for the purification of wet process phosphoric
acid (WPPA) is the liquid/liquid extraction
process. The solvents which are not soluble in
water are the media which extract the phos-
phoric acid to a high degree of purity from the
aqueous phase during an intensive mixing op-
eration, the saturated solvent with phosphoric
acid is separated from the aqueous phase which
still contains some phosphoric acid and espe-
cially most of the impurities from the wet acid
(Amin, 2010). The loaded organic solvent is
then scrubbed (washed) to eliminate the con-
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ing impurities involved during the extraction
process, this step is one of the most impor-
tant steps of the phosphoric acid purification
which control the purity of phosphoric acid to
be reached. In this concern, many researches
have been carried out with the aim of purify-
ing phosphoric acid using organic solvents, for
example; Purification of WPPA by solvent ex-
traction with methyl isobutyl ketone (MIBK)
at 40 ‘C was investigated (Feki et al., 2002).
Water immiscible organic acid phosphates
used in conjunction with water immiscible or-
ganic sulfonic acids resulted in an improved
process for the purification of phosphoric acid
(James et al., 1977). The preferred group of
the used sulfonic acids were the substituted
sulfonic acids of formula I and 11
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I

n

Where in formula I, (R) is an alkyl group
of from 5 to 25 carbon atoms or an alkanoyl
group of 8 to 18 carbon atoms. [R]  contains
at least 8 carbon atoms when m is 2, while in
formula II, (R) is an alkyl group of from 5 to
25 carbon atoms or an alkanoyl group of 5 to
18 carbon atoms. [R] contains at least 8 car-
bon atoms when n is 1 (James et al., 1977).
Purification of WPPA with mixtures of MIBK
and TBP was also investigated by Hannachi
(Hannachi et al., 2007). Meab has described a
process to purify WPPA using partially immis-
cible solvents such as alcohols, ketones, ethers
and esters (MEAB, 1992). When ethers were
selected as solvent, the effect of temperature
was very important, while with alcohols and
ketones it was less effective. The purification
of commercial H,PO, from metallic impurities
was studied using 2.55 M TBP in kerosene
(Abu-Raia, 2006) and about 90% P,O in 9.2
M H,PO, could be extracted in three stages at
room temperature.

From the previous researches in the litera-
ture survey, there were many organic solvents
that were used in the process of purifying
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phosphoric acid, such as alcohols, ethers, ke-
tones and tri-butyl phosphate (TBP). The main
objective of the present study is not that how
the extraction process of phosphorous pent-
oxide can be done, but the main aim focuses
on the process of scrubbing (washing) of the
organic solvent loaded with phosphorus pent-
oxide with some undesirable contaminated
impurities. As the scrubbing step is consid-
ered the basis in the control of the purity of
the purified acid, the higher is the scrubbing
efficiency process, the higher is the obtained
purity degree of phosphoric acid and vice
versa. In this study, many of scrubber solu-
tions (such as; pure phosphoric acid, oxalic
acid, sodium hydroxide and distilled water)
were studied in order to conduct a process for
scrubbing (washing) the organic solvent with
high efficiency and compare between these
materials to choose the best and most suitable
among them. The preferred scrubber solution
can be selected according to the amount loss
of the P O, from the loaded organic solvent
during the scrubbing process. In this purpose,
the extraction process was studied using TBP
as an organic solvent with the aim of loading
and extracting phosphorus pentoxide by a suit-
able amount and then undergoing different ap-
plicable studies on the washing process of the
loaded organic solvent (scrubbing process) us-
ing four different scrubber solutions. After the
finishing of the scrubbing process, stripping of
the phosphorous pentoxide can be achieved to
produce highly pure grade phosphoric acid.

EXPERIMENTAL
Materials and Measurements

Tri-butyl phosphate (TBP) with 99% pu-
rity was provided from Merck Schuchardt,
Germany, kerosene has been used as a dilu-
ent for preparation the organic solvent. Com-
mercial WPPA with the following compo-
nents (P,0.=44.0%, Fe=40.56 g/l, Cu=0.0186
g/l, Cd=0.015g/l, Mn= 1.86g/l, Zn= 0.68g/1,
F=12.15g/l and U= 0.06g/1) was supplied
from Abu-Zaabal Co., Cairo, Egypt. The used
bentonite clay for achieving the removal pro-



TECHNOLOGICAL STUDIES ON THE SCRUBBING STAGE DURING

cess of organic matter was supplied from Abu
Tartur area. The fluoride content was deter-
mined by ion selective electrode, a Genway,
model 3330 pH meter equipped with Orion
model 94-09 BN fluoride electrode while P,O,
was determined spectrophotometrically. Iron,
cadmium, Copper, Manganese, and Zinc were
determined by atomic absorption spectrometer
of model (GBC 932-AAS).

Calculations

The concentration of the loaded (extract-
ed) P Oy in the organic solvent was calculated
from the difference between its concentration
in the aqueous phase (phosphoric acid) before
and after the extraction process, the yield was
calculated from the equation:

[P2Os]teed acia — [P2Os]ratfinate

~vield (Y %) == -x 100

[P2Os]teed acia

or,

100 D

( Eextin. '%0) =

D + Vaq/ Vorg

Where, Vaq. and VOrg are the volume of
aqueous and organic phases respectively. The
distribution ratio (D) was calculated from the
total concentration of PO, in the organic and
aqueous phases.

The distribution ratio (D) was calculated from
the equation:

Total concentration of P,Os in organic phase volume of aq.

Total concentration of P,Os in aqueous phase volume of org.

Analytical Procedure

Purification of wet process phosphoric acid

The purification of (WPPA) to produce
partially purified and highly pure grade phos-
phoric acid requires undergoing seven basic
stages as follow; acid pre-treatment process,
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removal of fluoride, decreasing iron content,
extraction process of P,O, scrubbing process
of'loaded solvent, stripping process and finally
evaporation process.

Acid pre-treatment with calcium bentonite
clay

The pre-treatment process for decreasing
the content of organic matter from the crude
wet process phosphoric acid has been previ-
ously studied by Amin (Amin, 2005). In this
concern, 14g of bentonite clay was mixed
with one liter of WPPA for 60 min. The ab-
sorption of the acid was measured before and
after the process of the treatment by spectro-
photometer at wavelength of 420 nm to deter-
mine the clarification of the acid.

Removal of fluoride and iron

Fluorine is undesirable in phosphoric acid
(Amin, 2005) therefore, the process of remov-
al of fluoride is very important before appli-
cation of organic solvent extraction process.
Also, one of the most important problems of
Egyptian phosphoric acid is the containment
of a very large concentration of iron (40.56
g/l) which prevents any process to purify the
WPPA, therefore, the decreasing process of
both fluoride and iron was necessary to be
achieved after the acid pre-treatment step with
clay and before applying the organic solvent
process. In this respect (Amin, 2005), silicon
dioxide (5.92 g/l) was slowly added with con-
tinuous stirring for 60 min at 70.0 °C this was
followed by slow addition of (10.45 g/1) sodi-
um carbonate and stirring for 60 min followed
by addition of (26.67 g/l) potassium sulfate
under continuous stirring for 60 min.

Extraction process

After achievement of the pre-treatment
process and decreasing of fluoride and iron,
the process of extracting the phosphorus
pentoxide using TBP as organic solvent was
carried out leaving most of the undesirable
impurities in the raffinate acid. The different
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parameters investigated were: organic solvent
(TBP) concentration, phosphoric acid concen-
tration and organic/aqueous phase ratio. Dif-
ferent volumes of organic and aqueous phases
were equilibrated for 10 min under vigorous
stirring in a thermostatted water bath. After
phase separation, the concentration of P,O, in
the aqueous phase before and after extraction
was determined.

Scrubbing process of the loaded solvent

The purity degree of the phosphoric acid
can be detected according to the scrubbing
efficiency process. To achieve this target, the
loaded organic solvent was washed (scrubbed)
with four different aqueous materials, namely,
pure phosphoric acid, oxalic acid, sodium hy-
droxide and distilled water. In this process, the
different parameters studied were: the effect
of stirring time, concentration of the scrub-
ber solution and aqueous to organic loaded
solution phase ratio. To achieve this purpose,
different volumes of organic and scrubber so-
lution were equilibrated for different stirring
times into agitated stirring beaker.

Stripping process

In the stripping stage, the DW and the
scrubbed loaded organic phases were mixed
(stirred) for 5 min at room temperature and
then allowed to settle for 20 min to separate
in a funnel. This stage was done to strip (re-
extract) the P,O, from the loaded organic
solvent to produce diluted highly pure grade
phosphoric acid.

Evaporation process

After achieving the purification process by
applying suggested solvent extraction meth-
od, diluted stripped purified phosphoric acid
(DSPPA) was produced. Evaporation process
was necessary to raise the concentration of the
produced phosphoric acid to meet the market
requirements.
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RESULTS AND DISCUSSION

Purification of Phosphoric Acid

The suggested method for the purifica-
tion process of phosphoric acid can be done
through the application of seven main stages
through which the removal of organic matter
and solid impurities and then reduction of the
content of fluoride and iron were carried out in
order to prepare the acid to enter the extraction
process using TBP as an organic solvent. These
three main steps (removal of organic matter,
fluoride and iron) were very important to pre-
pare the acid and hence directly impact on the
purity degree of the final produced phosphoric
acid and its color. So without undergoing these
three steps, the produced purified phosphoric
acid may still contain high concentration of
iron and its color may be converted to green-
ish yellow by applying evaporation process
to raise the concentration of the purified acid.
The present study shows briefly the previously
obtained optimum conditions of the first three
steps (as previously studied by the same au-
thor Amin, 2005) and discusses in details the
optimum conditions of the extraction process
using TBP as organic solvent. The scrubbing
process will be also studied and explained
in details using four different scrubber solu-
tions then finally shows the stripping process
and production of both partially purified and
highly pure grade phosphoric acid.

Acid pre-treatment process

As previously studied (Amin, 2005), the
pre-treatment of WPPA was undertaken using
bentonite clay (A local clay existing at Abu
Tartur, Egypt). In this step, 14.0g of benton-
ite was used for one liter of crude WPPA with
constant stirring for 1hr at room temperature
(Amin, 2005); in this process, 62.20% of
the suspended solids and humic acids were
removed. A flocculating agent as polyacryl-
amide type ionic flocculent at the concentra-
tion of 0.5 mg/l was added to enhance the
settlement of the suspended materials (Amin,
2005). In the present study, the analysis of the
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formed slurry (precipitate) during the appli-
cation of this process was investigated; this
analysis showed the determination of both the
distribution size and the value of zeta potential
of the formed precipitate; the obtained results
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are shown graphically on Fig 1 for size dis-
tribution of the formed precipitate and in Fig
2 for zeta potential value. Figure 3 shows the
flow chart of the pre-treatment process of the
WPPA using calcium bentonite clay.
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Fig. 1: Size distribution of the pre-treatment formed precipitate using calcium
bentonite clay. Experiment conditions: amount of clay added 14 g/, H,PO,
concentration P,0, 44%, stirring time 1 h and room temperature
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Fig. 2: Zeta potential value of the pre-treatment formed precipitate using
calcium bentonite clay. Experiment conditions: amount of clay added 14 g/l,
H,PO, concentration P,O, 44%, stirring time 1 h and room temperature.
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Fig. 3: Flow chart of the crude phosphoric acid pre-treatment process using
bentonite clay. Experiment conditions (Amin, 2005): amount of clay added 14
g/1, H,PO, concentration P,O, 44%, stirring time 1 h and room temperature.

Decreasing of fluoride content

The second step after the removal of or-
ganic and suspended solids was the removal
of fluoride from pre-treated phosphoric acid
(Amin, 2005). Fluoride was found in phos-
phoric acid in two main forms; silicon tetra-
fluoride (SiF,) and hydrogen fluoride (HF),
it is well known that, silicon tetrafluoride is
more volatile than hydrogen fluoride (Amin,
2005).

3SiF, + 2H,0

. 2H,SiFg + SiO, (1)

6HF +SiO,

_— > H,SiFs +2H,0 (2)

The primary chemical reactions applicable
in down stream scrubbing equipment and con-

densers during defluorination (Amin, 2005)
are the hydrolysis of silicon tetrafluoride to
fluosilicic acid (H,SiF,), equation 1 and the re-
action of silica with hydrogen fluoride, equa-
tion 2. As long as the molar ratio of hydrogen
fluoride to silicon tetrafluoride is at least 2, no
reactively produced silica will be present to
deposit onto the system components. By sum-
mation of the two equations (1) and (2):

3SiFs+6HF 3H,SiFs 3)

From the equation 3, 18 moles of fluoride
are needed with 3 moles of silicon to form 3
moles of fluosilicic acid. Sodium carbonate
must be then added to convert the soluble fluo-
silicic acid to insoluble sodium hexafluoro sil-
icate which is easily separated (Amin, 2005).
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Na,COs + H,SiFf ———>  NaySiFs l +C0, +H,0 (4)

As studied in previous work (Amin, 2005),
5.9 g silicon dioxide was added to one liter of
the pre-treated acid with continuous stirring
for one hour under 70 °C, this step was fol-
lowed by addition of 10.5 g sodium carbon-
ate slowly with stirring for one hour under the
same temperature; this treatment gave fluoride
removal efficiency 92% (Amin, 2005).

Decreasing the iron content

The amount of potassium sulfate added
was determined stoichiometrically according
to the following equation (Amin, 2005):
16HPO, + K;S0, + 3Fe;0 — 2F93KH14(P04)3.4H20 +5H,0 + H,50,

The iron was precipitated in a com-
plex known as Lehr's salt
(Fe,KH ,(PO,),.4H,0) (Amin, 2005), by ad-
dition of 26.7 g of potassium sulfate on one
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liter of the phosphoric acid with continuous
stirring for one hour under heating at 70°C; by
applying this step the iron can be decreased
successfully to 60% (Amin, 2005). While in
the present study, the size distribution and
zeta potential were determined, Fig. 4 shows
the size distribution of the formed precipitate
during the removal process of both fluoride
and iron which occurred in the same agitated
beaker and hence appeared as one obtained
precipitate, while Fig 5 shows the value of
zeta potential of the same formed precipitate.
The flow chart of the process is represented in
Fig. 6. By applying this stage, iron can be de-
creased to 60% removal efficiency and about
16.22 g/l iron still remained in the pre-treated
phosphoric acid.

Extraction Process

After achieving the pre-treatment of the
acid and reducing the content of fluoride and
iron, the extraction process of the acid using
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Fig. 4: The size distribution of the formed precipitates of both fluoride and

iron. Experiment conditions: 5.9 g/l SiO

followed by addition of 10.5 g/l

of Na, CO, and finally addition of 26.7 g/f of K,SO, for stirring 1 h for each

addition under heating at 70 °C
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Fig. 5: Zeta potential of the formed fluoride and iron precipitates. Experiment
conditions: 5.9 g/1 SiO, followed by addition of 10.5 g/l of Na,CO, and finally addition
0f'26.7 g/l of K, SO, for stirring 1 h for each addition under heating at 70 °C

| 5.9 g/l Silicon dioxide I

| 10.5 g/l Sodium carbonate I

Filter press

Fig. 6: Flow chart of the removal process of both fluoride and iron
from pre-treated phosphoric acid. Experiment conditions (Amin,
2005): 5.9 g/1 SiO, followed by addition of 10.5 g/l of Na,CO,
and finally addition of 26.7 g/l of K,SO, for stirring 1 h for each
addition under heating at 70 °C.
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TBP in kerosene as an organic solvent was
done to extract the phosphorous pentoxide and
load it on the organic phase leaving most of
undesirable impurities in the raffinate acid. In
this concern, many of important factors were
studied to determine the preferable optimum
conditions for application of the extraction
process.

Effect of TBP concentration

The extraction of P,O, from pre-treated
phosphoric acid (9.20 M) was studied at room
temperature using TBP as organic solvent. In
this respect, The TBP concentration was var-
ied from 1.5 to 3.0M (kerosene has been used
as a diluent) for a stirring time of 10 min and
org./aq. phase ratio equal to 3:1. The results
are presented graphically on Fig. 7 as a rela-
tion between the TBP concentration and P,O,
extraction efficiency percent.

The obtained results show clearly that the
extraction percent increased with the increase
in the TBP concentration reaching 50.6% us-
ing 2.5 M TBP. Evidently, a satisfactory ob-
tained straight line shows the increase of ex-
traction percent of P,O, with the concentration
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of TBP. Eid, (Eid et al., 1999) showed that the
extraction of H,PO, by TBP involves the for-
mation of hydrate di-and mono solvate. At low
H,PO, concentration, H,PO,-TBP is the main
extracted species and the H,PO -TBP fraction
increases as H,PO, concentration increases
(Eid et al., 1999). In general, the extraction
of H,PO, by TBP as organic solvent occurs
through an aggregate formation between the
acid and the solvent as follows:

HPO, + H" + H,POS

HsPO, 2H" + HPO”

(TBP.O)P=0 . H,PO, (TBP.0)sP=0-----H,PO;

At high concentration:

(TBP.0)P=0---—H,PO; H* HPO, + (TBP.O}P=0

(mono solvate)

At low concentration, where the ionization of
the acid is relatively high:

(TBP.O)P=0  + H,PO, [(TBP.O);P=0],-—--HPO
(disolvate)

This interpretation has been previously in-
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troduced by both (Eid et al., 1999 and Amin,
2010).

The effect of phosphoric acid
concentration

The extraction of P,O, from pre-treated
phosphoric acid in the range of 2.16 t0 9.20 M,
using 2.5 M TBP as organic solvent at room
temperature, stirring time of 10 min and org./
aq. phase ratio equal to 3:1 was investigated.
The results presented on Fig. 8 show that the
extraction percent increased with the increase
of the acid concentration to reach an extraction
percent of 50.6% at phosphoric acid concen-
tration of 9.20M. In the extracted species, the
protons of the acid may form a hydrogen bond
with an oxygen atom and thus its extraction
is quite reasonable (Amin, 2010). The oxy-
gen atom of the used solvent molecule should
combine with the hydrogen atoms of the hy-
drate water molecule which combine with the
proton of the strong acid through its oxygen.
In the aqueous phase the phosphoryl oxygen
and the three protons of the phosphoric acid
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should be hydrogen bonded with water mol-
ecules and thereafter these water molecules
are removed by the solvation with the solvent
(Amin 2010). The hydration on the phospho-
ryl oxygen may continue to improve the ex-
traction of the phosphoric acid. In the aqueous
phase, a proton dissociated from a strong acid
should combine with oxygen atom of water
molecules. However, the proton should also
able to combine with the phosphoryl oxygen
atom of phosphoric acid solvated with the
used TBP organic solvent in the organic phase
by forming a hydrogen bond (Amin, 2010).

The same trend of the obtained results was
revealed by both Amin (Amin, 2010) and Abu-
Raia (Abu-Raia, 2000).

Effect of TBP to phosphoric acid phase
ratio

The effect of the org. / aq. phase ratio on
P,O; extraction from concentrated phosphoric
acid (9.20 M) was investigated at org. / aq.
phase ratio varying from 1.0 to 5.0. All the ex-
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Fig. 8: The relation between the P,O, extraction efficiency percent and
phosphoric acid concentration. Experiment conditions: TBP concentration
2.5, organic to phosphoric acid phase ratio 3:1, stirring time 10 min and room

temperature.
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periments were performed using TBP 2.5 M
for stirring time 10 min at room temperature.
Figure 9 depicts clearly that the extraction
continuously increased with the increase of
org./aq. phase ratio to reach 60.7 % for org./
ag. 5:1. The organic to aqueous phase ratio 3:1
is a preferable choice that gave P O, extraction
efficiency percent of 50.6%.

2

It is clear that from all the obtained data in
this study, by applying the obtained optimum
conditions for the extraction process (TBP
concentration 2.5M, phosphoric acid concen-
tration 9.2M, organic to aqueous phase ratio
3:1 and stirring for 10 min under room tem-
perature), 50.6% of the P,O, was successfully
extracted and loaded on the organic phase
leaving most of the impurities in the raffinate
acid. In this stage, about 81.5% of iron was
successfully removed by the extraction process
and transferred into the raffinate acid while the
remaining 3.0 g/l iron still contaminated the
P,O, on the loaded TBP solvent. Therefore,
that it was very important to undergo a scrub-
bing process (washing) of the loaded organic
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solvent to remove the remained iron from it.
Scrubbing Process of the Loaded Solvent

This process is one of the most important
steps in the phosphoric acid purification pro-
cedures, where this step controls the purity
degree of the purified acid and the econom-
ics of the phosphoric acid purification process.
Many, if not most of the previous research
papers and reports in the literature survey are
based on the use of pure phosphoric acid in
the process of washing (scrubbing) process of
the loaded organic solvent, but although the
use of pure phosphoric acid in the scrubbing
process can give acceptable results, but it is
not economic in cost because of the consump-
tion of large amounts of pure acid to conduct
the process. The application of this method on
the purification of the Egyptian phosphoric
acid is very difficult because the Egyptian
acid contains high concentration of iron and
undesirable impurities contaminated with the
phosphorus pentoxide in the organic phase
during the extraction process. The present
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S 30.00 +
S 2000
= ]
> 10.00 +
(ND ]
o 0.00 +— - F— F— "t 1
0.00 1.00 2.00 3.00 4.00 5.00
Organic to aqueous phase ratio

Fig. 9: The relation between the P

2

O_ extraction efficiency percent and TBP

organic solvent to phosphoric acid phase ratio. Experiment conditions: TBP
concentration 2.5, Phosphoric acid concentration 9.2 M, stirring time 10 min and

room temperature.
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study shows the important trials done in order
to find alternative methods that give accept-
able scrubbing results and are of less economi-
cal costs. These trials included the use of pure
phosphoric acid, oxalic acid, sodium hydrox-
ide and distilled water (DW).

Scrubbing using pure phosphoric acid

Effect of scrubber phosphoric acid
concentration

The effect of the concentration of phos-
phoric acid used for scrubbing was studied us-
ing pure phosphoric acid of concentration in
the range of 1.0 to 5.8M. The washing acid to
organic extract phase ratio was 1.0 and stir-
ring time was 5.0 min at room temperature.
The results obtained are represented graphi-
cally on Fig. 10. The results reveal that by in-
creasing the scrubber acid concentration, the
PO, transferring (loss) from organic phase to
scrubber acid decreased reaching a zero value
at 5.8 M scrubber acid concentration while
the PO, loss from the loaded organic solvent
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increased by decreasing the concentration of
pure phosphoric acid scrubber solution and
reached about 5.0% P,O, loss by using 1M
scrubber acid.

Effect of loaded organic solvent to scrubber
phosphoric acid phase ratio

A series of experiments was performed
with different loaded organic solutions to
scrubber acid ratios of 1:1, 1:2, 1:3, 1:4 and
1:5. The experiments were conducted using
5.8M scrubber acid concentration and stirring
time 5.0 min. The results were represented on
Fig. 11 reveal that by increasing the scrubber
acid to the loaded organic solution ratio, the
P,O; transferring (loss) from the loaded organ-
ic solution to washing acid phase increased. At
loaded organic solution to acid washing phase
ratio equal to 1:1 there was no transfer of PO
between the two phases.

Effect of stirring time on the scrubbing
process

The effect of stirring time was studied in

P205 loss from loaded
organic, %

w

o

o
T R

0.00 1 1
0.00 1.00 2.00

3.00

Phosphoric acid concentration, M

|
T T T T 1

4.00 5.00 6.00 7.00

Fig. 10: The effect of pure phosphoric acid concentration on the scrubbing process.
Experiment conditions: loaded organic solvent to pure phosphoric acid phase ratio
1:1, stirring time 5 min and room temperature
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Fig. 11: The effect of organic to washing phosphoric acid phase ratio on the P,O
loss % from the loaded solvent. Experiment conditions: Pure phosphoric acid
concentration 5.8 M, stirring time 5 min and room temperature.

the range of 1.0 to 20.00 min. The loaded or-
ganic solution to scrubber acid phase ratio was
1:1 and the scrubber acid concentration was
1.0 M. The results represented on Fig. 12, in-
dicate that the process was fast and increased
with time till 5 min. then remained nearly con-
stant with further increase in the stirring time
from 5 to 20 min. where time had a negligible
effect on the PO, loss from the loaded organic
solvent.

From the obtained data, pure phosphoric
acid can be used in the scrubbing process of the
loaded organic solvent using phosphoric acid
concentration of 5.8 molar with stirring time
for 5 minutes and organic solvent to washing
phosphoric acid phase ratio equal to 1: 1. By
applying these optimum conditions, phospho-
rus pentoxide was not lost and there was no
P,O, amount transferred from the loaded or-
ganic solvent to the washing phosphoric acid
(scrubber acid) but the amount of consumed
pure phosphoric acid by applying this method
is very large, which prevented the application

of this scrubbing method from the economic
point of view. By using pure phosphoric acid
(concentration of 1 M), the loss amount of
P,O, from the loaded organic solvent reached
about 5%. Therefore, pure phosphoric acid
cannot be used for up scaling the process of
the suggested method of phosphoric acid puri-
fication from the economic point of view.

Scrubbing using oxalic acid

Effect of oxalic acid concentration : Oxalic
acid has been used in many previous studies to
remove iron from organic solvents loaded with
uranium (Amin, 2018; Singh et al., 2006). The
effect of oxalic acid concentration on the P,O,
transferred from loaded organic solution was
studied in the concentration range 1.0 — 15.0%
(wt/v). The loaded organic solution to scrub-
ber oxalic acid ratio was 20:1 and the stirring
time was 5.0 min. The results on Fig. 13 re-
veal that, by increasing the scrubber oxalic
acid concentration, the P,O, transferring (loss)
from organic extract phase to scrubber acid
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Fig. 12: The effect of the stirring time on the P,O, loss % from the loaded organic
solvent. Experiment conditions: loaded organic solvent to pure phosphoric acid
phase ratio 1:1, pure phosphoric acid concentration 1.0 M and room temperature.
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Fig. 13: Effect of oxalic acid concentration on the P O, loss % from the loaded organic
solvent. Experiment conditions: Loaded organic solvent to oxalic acid phase ratio 20:1,
stirring time 5 min and room temperature.
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phase was decreased reaching 8.3% loss at
the maximum concentration of the used oxalic
acid (15%), for this reason (high loss of P,O,)
oxalic acid is unsuitable for using as scrubber
solution of the loaded organic solvent.

Effect of loaded organic solvent to oxalic
acid phase ratio : A series of experiments was
performed with different loaded organic solu-
tion to scrubber oxalic acid ratios ranging as
1:1, 5:1, 10:1 and 20:1. The experiments were
conducted using 15% scrubber oxalic acid
concentration and stirring time 5.0 min. From
the results represented on Fig 14, the PO
transferring (loss) from organic extract phase
increased by increasing the organic extract to
scrubber oxalic acid ratio. But, by increasing
the scrubber acid to loaded organic solution
phase ratio, the P,O, transferred from organic
extract to washing (scrubber) acid phase de-
creased.

Effect of stirring time on the P,0; loss per-

cent from loaded solvent : The effect of stir-
ring time was studied in the range of 1.0 to
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20.0 min. The loaded organic solution to
washing (scrubber) oxalic acid phase ratio was
20:1 and scrubber oxalic acid concentration
was 15%. Figure 15 shows clearly that after
15 min. there was nearly no effect of stirring
time on the content of the P Oy in the organic
phase. Unfortunately, the use of oxalic acid in
the scrubbing process did not give satisfactory
results due to the loss of a large amount of
phosphorus pentoxide (8.3%) from the loaded
organic solvent.

Scrubbing using sodium hydroxide

Effect of sodium hydroxide concentration :

The effect of the concentration of sodium hy-
droxide used for scrubbing was studied in the
range of 1.0 to 30.0 %. The washing (scrub-
ber) sodium hydroxide to the loaded organic
solution ratio was 1:20 and stirring time was
5.0 min at room temperature. The results ob-
tained are represented graphically on Fig. 16.
The results reveal that by increasing the sodi-
um hydroxide wash (scrubber) concentration,
the PO, transferring (loss) from organic phase
to wash sodium hydroxide increased reaching

30.00

25.00
20.00
15.00

10.00

organic solvent, %

5.00

P205 loss from loaded

0.00 ———

0.00 5.00

10

Organic solvent to washing oxalic acid phase ratio

.00 15.00 20.00 25.00

Fig. 14: Effect of loaded organic solvent to washing oxalic acid phase ratio on the
P,O, loss % from the loaded organic solvent. Experiment conditions: oxalic acid
concentration 15% (wt/v), stirring time 5 min and room temperature.
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Fig. 15: Effect of stirring time on the P,O; loss % from the loaded organic solvent
using oxalic acid solution. Experiment conditions: loaded organic solvent to oxalic
acid phase ratio 20:1, stirring time 5 min, oxalic acid concentration 15% (wt/v) and
room temperature.
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Fig. 16: Effect of sodium hydroxide concentration on the P,O, loss % from the loaded
organic solvent. Experiment conditions: loaded organic solvent to sodium hydroxide
phase ratio 20:1, stirring time 5 min and room temperature
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36.7% by washing with 30% (wt/v) sodium
hydroxide solution.

Unfortunately, by studying the effect of
sodium hydroxide concentration on the scrub-
bing process, it was clear that a very large loss
occurred in the content of phosphorus pent-
oxide from the loaded organic solvent (about
30 to 36.7%), therefore the organic solvent
washing process using a solution of sodium
hydroxide was not entirely satisfactory.

Scrubbing using distilled water : The use
of distilled water in the process of washing
organic solvent (scrubbing process) was one
of the most important economic methods
which was proposed by the present study to
remove the remaining undesirable impurities
contaminating the organic solvent during the
extraction of phosphorus pentoxide to produce
highly pure grade phosphoric acid that can be
used in the food industries.

Effect of loaded organic solvent to distilled
water phase ratio:The effect of the loaded
organic solvent to distilled water (DW) phase
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ratio was investigated in the range 20:1, 30:1,
40:1, 50:1 and 60:1. The obtained results are
represented graphically on Fig. 17. The results
reveal clearly that the P,O, loss from the load-
ed organic solvent reached 44.6% by using or-
ganic to DW phase ratio equal to 20:1, while
the P,O, loss percent decreased to reach 1.6%
only in case of washing the loaded organic sol-
vent with DW when the ratio of the loaded or-
ganic solution to DW equals 60:1. This means
that the more is the increase in the organic to
DW phase ratio, the more is the decrease in
the P,O, loss from the loaded organic solvent.
The partially purified phosphoric acid was
produced during applying the scrubbing stage,
the iron and other impurities were transferred
during this stage from the loaded organic sol-
vent to the scrubber DW. The produced scrub-
ber DW from this stage can be used as par-
tially purified phosphoric acid of phosphorus
pentoxide concentration of about 30%. After
achieving the scrubbing process and produc-
tion of the partially purified phosphoric acid;
striping process of phosphorus pentoxide from
the washed loaded organic solvent was done

y = -1.027x + 63.44
R%2=0.9894

P205 loss from loaded
a
[}
o
o
o

¢,
N
o
o
L g g

000 +—————F+—————+—
20.00 30.00

organic to water wash phase ratio

40.00 50.00 60.00 70.00

Fig. 17: Effect of loaded organic solvent to distilled water phase ratio on the P,O,
loss % from the loaded organic solvent during the scrubbing process. Experiment
conditions: stirring time 5 min under room temperature.
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to produce highly pure grade diluted phos-
phoric acid.

Finally, from the obtained results of the
scrubbing process, it was clearly deduced that
DW was the most preferable scrubber for the
loaded organic solvent because DW is very
cheap and available in comparison with other
studied scrubber solutions and also DW gave a
very small loss of the P,O, from the loaded or-
ganic solvent in the case of applying the sug-
gested optimum conditions.

Stripping Process

After achieving the scrubbing of the load-
ed organic phase, stripping of the phosphorus
pentoxide was done to re-extract the P,O, from
the loaded organic solvent (TBP) using DW.
To achieve this purpose, pure loaded organic
solvent was stirred for 5.0 min with DW by
phase ratio l:lunder room temperature. By
applying this stage, highly pure grade diluted
phosphoric acid could be successfully ob-
tained.

MOSTAFA 1. AMIN

Evaporation process

After achieving the purification process by
applying the suggested seven stages, diluted
stripped purified phosphoric acid (DSPPA)
was produced. Evaporation process was nec-
essary to raise the concentration of the pro-
duced phosphoric acid to meet the market re-
quirements. Table 1 shows the chemical speci-
fications of crude phosphoric acid, pre-treated
phosphoric acid, partially purified phosphoric
acid (faint acid produced as bi-product during
the scrubbing stage), highly pure grade phos-
phoric acid and Egyptian standard phosphoric
acid specification number 4575/2006. Figure
18 shows the comparison between the crude,
partially purified and food grade phosphoric
acid using the suggested method. Figure 19
shows the flow chart of the suggested process
in this study to purify the Egyptian wet pro-
cess phosphoric acid for production of both
partially and highly pure grade phosphoric
acids.

Table 1 : Chemical specification of different types of phosphoric acid, crude, pre-treated,
partially purified, highly pure grade phosphoric acid and Egyptian standard specification

No. 5475/2006

) B ) Egyptian standard
. Pre-treated Partially purified  Highly pure o
Constituent Crude H;PO, H3PO, specification
Hs;PO, H;PO, grade Hs;PO,
No. 5475/2006
P,0s 44.0 % 44.0% 30.0% 60.0% 61.6%
""""" ol
""""" Fe 405 1622 30 o001 002
Cu 0.0186 0.018 0.005 N.D
Cd 0.015 0.0146 0.0002 N.D
F 12.15 0.972 0.008 0.01
Mn 1.86 1.85 0.0008 N.D
Zn 0.68 0.645 0.0002 N.D 0.003
U 0.06 0.06 N.D N.D

N.D: Not Detected



TECHNOLOGICAL STUDIES ON THE SCRUBBING STAGE DURING

171

Fig. 18: Comparison between Brown crude phosphoric acid, faint green partially purified
phosphoric acid and colorless highly pure grade phosphoric acid

CONCLUSION

This paper deals with some technologi-
cal studies on the scrubbing stage carried out
during the purification process of wet process
phosphoric acid. In this context, this paper
studied the effect of four different scrubbing
solutions to choose the best scrubber which
could efficiently scrub the phosphoric acid
from the loaded TBP organic solution with the
minimal loss of P,O,. The obtained results in-
dicate that DW is the most efficient and cost
effective scrubber of phosphoric acid from the
loaded TBP organic solution. The suggested
method through this study was summarized by
the application of main seven stages which
must be achieved in the same proposed order
to purify the Egyptian wet process phosphoric
acid for production two types of phosphoric
acid: first was partially purified phosphoric
acid that can be used in different phosphate

salts industry while the second type was high-
ly pure grade phosphoric acid that can be used
in food industry. The suggested method (seven
stages are summarized as follow;

1- Removal of organic matter and this
step occurred by treatment of the crude phos-
phoric acid using 14 g calcium bentonite clay
per one liter acid.

2-  Decrease of the fluoride content by
treatment of the acid with silicon dioxide fol-
lowed by addition of sodium carbonate.

3-  Decrease of Iron in the same previ-
ous step by addition of potassium sulfate.

4-  Solvent extraction process using TBP
as organic solvent which was achieved after
preparation of pre-treated phosphoric acid
produced from the application of the previous
three steps; in this concern 2.5 M of TBP dilut-
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14 g/l bentonite
clay L »

Solid slurry

5.9/ g SO,

10.5/ g Na,CO3

26.7/1 g K;SO,4

Lehr's salt +
Na,SiFg
precipitate

25 M TBP 3:1
acid

DW1:60 TBP

Raffinate acid

DW 1:1 loaded
TBP

Fig. 19: Flow chart of the seven stages of the suggested wet process phosphoric acid
purification technique
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ed with kerosene was mixed with pre-treated
phosphoric acid with organic to phosphoric
acid phase ratio equal to 3:1 under room tem-
perature.

5-  After the extraction process, appli-
cation of scrubbing process was necessary to
eliminate the remaining undesirable impuri-
ties contaminating the loaded organic solvent.
In this context, four different types of scrub-
ber agent were studied and it was found that
distilled water (DW) was considered as pref-
erable scrubber solution for elimination of all
the contaminating impurities from the loaded
organic solvent.

6-  Stripping stage was applied to re-
extract the phosphorus pentoxide from pure
loaded organic solvent by mixing it with dis-
tilled water with phase ratio of 1:1.

7-  Finally evaporation process occurred
to raise the concentration of stripped diluted
pure phosphoric acid to meet the requirement
market specifications. By applying the sug-
gested method for purification of the phos-
phoric acid, iron was decreased to reach 10
ppm in the highly pure grade phosphoric acid,
also Cu, Cd, Zn, Mn and U were not detected,
while F-was decreased to 8 ppm in the highly
pure grade phosphoric acid.
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