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a  b  s  t  r  a  c  t

Different  technologies  were  tested  for purification  of  phosphoric  acid produced  by  the wet  process.  Ilim-
inite  clay  was  found  suitable  for removal  of  humic  acids  and suspended  materials  from  crude  phosphoric
acid.  Minimizing  of  ferric  ions  from  phosphoric  acid  was  carried  out using  silica,  while  removal  of fluo-
ride  was  proceeded  by addition  of carbonate  salt.  Isoamyl  alcohol  was  used  for  extraction  of  P2O5 giving
value  of  78.5%.  Using  McCabe–Thiele  diagram,  the  number  of stages  for  complete  extraction  of P2O5 was
predicted  as two  stages.  Warm  distilled  water  had  a good  efficiency  for  stripping  of  P2O5. Flow  chart  for
sequential  treatment  process  and  extraction  was  constructed.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Phosphoric acid is a key material for the manufacture of deter-
gents, food products, and alimentary supplies for cattle, toothpastes
and fertilizers. Other phosphatic and fertilizers, i.e. mono ammo-
nium phosphate (N = 11%, P2O5 = 52% wt), diammonium phosphate
(N = 18%, P2O5 = 46%), triple superphosphate (P2O5 = 46%) etc. with
addition of Muriate of potash, KCl, grades are manufactured. About
85% phosphatic fertilizers are made from wet process phosphoric
acid. Commercial wet process phosphoric acid is classified accord-
ing to the hydrate form in which calcium sulfate crystallizes:
hemihydrate-CaSO4·1/2H2O and dihydrate-CaSO4·2H2O.

The process is called wet because concentrated sulfuric acid is
used to digest the rock phosphate ores. By 1980, hemihydrate and
improved dihydrate processes were developed and 30–50% P2O5
wet process phosphoric acid plant, upto 1300 Mt/day, came up.
The other dry process or electric furnace process of phosphoric
acid manufacture is an efficient process originally came up in 1935.
But its use has declined except for the purpose of manufacture of
elemental phosphorous or the acid as an intermediate for making
phosphorous element. These are of various phosphate ores types

∗ Corresponding author at: Faculty of Science, King Khalid University, KSA,
Tel.: +966563764476; fax: +96672417944.

E-mail address: nsawwad20@yahoo.com (N.S. Awwad).

e.g., fluoroapatite, Ca10F2(PO4)6, chlorapatite 3Ca3(PO4)2CaCl2 and
phosphorite [1,2].

Phosphoric acid is manufactured by the reaction of the ore
(apatite), Ca5(PO4)3(OH), with concentrated sulfuric acid in the
temperature range of 70–80 ◦C (the so called “wet process”) accord-
ing to the simplified reaction:[3]

Ca5(PO4)3(OH) + 5H2SO4 = 5CaSO4(s) + 3H3PO4 + H2O (1)

The ore is invariably contaminated with fluoroapatite,
Ca5(PO4)3(F), with the total fluoride content of the feedstock
in the range of 3.5–4%. The strangely acidic reaction conditions
favor the formation of HF, which dissolves silica and silica-like
impurity minerals in the ore. Products of this reaction are various
fluorosilicates, including the volatile silicon tetrafluoride (SiF4), as
well as hexafluorosilicic acid (H2SiF6) and (or) its salts. Phosphoric
acid reactor vessels are thus typically scrubbed to remove the
volatile HF and SiF. The other product of reaction, calcium sulfate
(gypsum) is typically pumped as slurry to tailing pond; process
water is also stored for recycle in storage ponds. These ponds are
typically fairly acidic (pH < 2) with very high dissolved content
and with fluoride levels in the range of 0.35–1.35% [4]. Probably,
fluoride ions are mostly in the form of Hf and SiF6

2−, but the latter
species may  partially hydrolyzed to SiF4 from the ponds are thus
of environmental concern [5].

The objective of this work is to study the extraction of P2O5 from
green acid after removal of organic matter, fluoride ions and heavy
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metals using isoamyl alcohol as extractant and prediction of the
number of stages required for complete extraction to obtain the
phosphoric acid in a pure form.

2. Experimental

2.1. Materials and measurements

Commercial wet process phosphoric acid which contain
(P2O5 = 57.0%, Fe = 2.6%, F = 0.7% and U(VI) = 50 ppm) was used. Ili-
minite was used as clay. All other chemicals and reagents were of
A.R. grade and used without purification. The organic matter, iron
and uranium content were determined using Shimazu UV-visible
160 A spectrophotometer.

2.2. Determination of P2O5 and fluorine

Determination of P2O5 and fluorine has been determined spec-
trophotometrically [6,7].

2.3. Extraction of silica from rice husk

Raw rice husk was stirred with a solution of concentration 5%
KOH at a weight ratio 1:12 (g/ml) of RH to solution respectively, and
heated to boiling for 30 min, then the mixture was left overnight, fil-
tered and washed twice with distilled water until filtrate becomes
neutral. To this filtrate, 10% HCl was added, until the pH of the solu-
tion reached 5–7, to precipitate the dissolved silica. The precipitate
formed, was filtered, dried and weighed [8].

2.4. Procedure

All experimental runs were done after treating the crude H3PO4
(black acid) to eliminate the organic matters and convert the acid
to green color. Hydrogen peroxide was used as oxidizing agent
to ensure that all Fe(II) and U(IV) ions are oxidized to Fe(III) and
U(VI) [9]. Ozone and oxygen was used before but it was found that,
oxygen gas is inefficient while ozone gas reacts with uranium dur-
ing the process proceeds. These disadvantages making us to use of
hydrogen peroxide as an oxidant. Other advantages of hydrogen
peroxide are that it forms no precipitate with other reactants in
the evaporated phosphoric acid strip solution as does the sodium
compound oxidizers and with its use no noxious gas like chlorine
is given off.

The clays of iliminite were used to remove humic acids and
suspended materials from crude phosphoric acid. To 150 ml  crude
phosphoric acid, 2.0 g of iliminite clay were added, stir for 50 min
and the solution was left to allow all the suspended materials and
humic acids to settle down. Purification of H3PO4 by minimizing
its iron and fluoride ions content was conducted upon its primar-
ily treated using iliminite clay. This study proceeds by adding the
silica as adsorbent agent, in addition of the effect of temperature.
6.0 g of silica were added to primarily treated 150 ml  crude H3PO4,
stirred for 30 min  with addition of 1.25 g of potassium carbonate.
Flocculating agent (1.5 ml)  was added and the mixture was  left for
10 min  for complete settling.

Extraction procedures were carried out by shaking 5 ml  of the
organic solvent with 5 ml  of the crude acid in a separating funnel
for 15 min  at 25 ◦C. The condition of the experiment was adjusted
and the funnels were shaken using a thermostatic shaking water
bath to achieve the equilibrium concentration. Each mixture was
separated and the samples were analyzed for U and remain con-
centration of iron spectrophotometrically. The difference between
the initial concentration Co and the equilibrium concentration Ce

Table 1
Removal of organic matter and iron content by iliminite clay.

Iliminite (g/150 ml)  Removal efficiency of
organic matter (%)

Loss of P2O5 (%)

0.05 25 0.1
0.1 37 0.7
0.5 45 1.2
1.5 67 2.0
2.0 85 2.0
3.0 86 2.4
5.0 90 2.5

10.0 92 2.6

was calculated and used to determine the extraction efficiency E%
as follows:

E% = Co − Ce

Co
X100 (2)

where, Co the initial concentration of the solute in mg/l and Ce is
the residual concentration of the solute in mg/l.

3. Results and discussion

3.1. Removal of organic matter

Block and Valint [10] indicated that there are many carboxylic
acids in phosphoric acid produced by wet  processes. These include
citric acid, malic acid, lactic acid, succinic acid and fumaric acid.
The concentration of organic matter in crude phosphoric acid was
measured spectrophotometriclly, and was found to be 510 mg/l To
study the effect of clays on purification of crude H3PO4, series of
experiments were carried out on iliminite while the concentra-
tion of clay was 0.05–10.0 g/150 ml  of crud phosphoric acid. The
obtained solutions were measured at 420 nm which is considered
as an indication for the presence of organic content. The obtained
results, Table 1, clearly show that, iliminite gave good results for
reduction of the organic matter content with activity of 85% at
2 g/150 ml  of acid, only 77 mg/l remains in H3PO4. In addition, the
iron content was  also affected by the addition of clay. Noticeable
minimizing of iron concentration was observed due to the clay
addition to 5800 ppm from 25000 ppm (initial concentration). Also,
it is shown that the %P2O5 is slightly affected and decreased by
(2.0%). In all cases, equilibrium uptake is reached, after about 15 min
and 2 g is enough for removal of organic matter from 150 ml.  This
behavior can be interpreted as due to coating of the clay surface by
the organic molecules present in the phosphoric acid and thereby
rendering the hydrophobic part of clay. It would be interesting to
refer to Cotton and Wilkinson [11] who  indicated that phosphoric
acid and its crystalline hydrate have tetrahedral phosphate groups
connected by hydrogen bonds, presence of water in more than 50%
acid concentration would render the cationic forms of clay capable
of adsorbing a range of polar and non-polar molecules.[12,13]

3.2. Minimizing iron using silica

In order to achieve procedure giving high removal of iron and
fluoride, silica extracted from rice husk was tested. 5 g silica/100 ml
H3PO4 was used in all experiments. Series of experiments was
carried out on green phosphoric acid treated with iliminit clay in
pervious step under the following conditions: 5 g silica/150 ml acid,
stirring time: 60 min, and temperature, 25 ◦C. It is worthy to men-
tion that the addition of silica gave 80% minimizing efficiency for
iron, P2O5 loss is 1%. Also, it was  found that fluoride react with silica
to form SiF4.



Download English Version:

https://daneshyari.com/en/article/7090144

Download Persian Version:

https://daneshyari.com/article/7090144

Daneshyari.com

https://daneshyari.com/en/article/7090144
https://daneshyari.com/article/7090144
https://daneshyari.com

