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Abstract 
 
      Procedure for preparation of polymeric supported silica, and their usage for 
decreasing hazardous metal ion content in wet process phosphoric acid were 
developed. The procedure is based firstly on extraction of silica from rice straw by 
alkaline treatment, secondly supporting the produced silica on binding 
polyacrylonitrile (PAN).  The produced polymer based sorbent was used for 
decreasing hazardous metal ions (especially iron) present as inorganic impurities in 
crude Egyptian phosphoric acid (green acid).  Different factors affecting the sorption 
equilibrium (contact time, temperature , sorbent mass and batch factor) were studied.  
Studying the sorption isotherm revealed that the adsorption data could favorably fit 
the Langmuir adsorption isotherm. In the dynamic study, the sorption capacity at 
(Ce/Co = 50%) was found to be 28.5 mg/g and the loaded column could be regenerated 
using 50ml of 0.15 M HNO3 . The regenerated column could undergo sorption-
regeneration cycles up to four cycles without significant decrease in the sorption 
capacity ,  weight loss or change in the physical properties of the sorbent. 
 

Introduction 
 

       Wet process phosphoric acid contains undesirable ionic impurities, as fluorine, 
sulphate, aluminum, iron and other metals originally present in phosphate rock. The 
presence of these impurities interfere with industrial processing of phosphoric acid, 
also these impurities precipitate during concentration or storing of the acid(1).  So, the 
crude acid could not be applied in industrial and food grade phosphate derivatives (as 
calcium, sodium or ammonium salts) without previous treatment (2).  Wide 
applications for food, beverage, and tooth paste markets, or cleaning markets require 
highly purified acid.  Many research procedures have been developed for purification 
of phosphoric acid. The employed procedures include liquid–liquid extraction, 
crystallization, concentration and addition of additives (3).  These procedures are 
limited due to some disadvantages viz: low purification  percentage , difficulty of 
solvent recovery from both raffinate and purified acid  and led to some environmental 
pollution due to the produced by-products. Rice straw as a by–product of agriculture 
and  rice milling industries , represents an environmental problem (4). Rice straw and 
agricultural straw were used as adsorbents for water treatment processes (5,6). These 
materials are characterized by thermal and chemical stabilities, water insolubility and 
are locally available in great amounts with almost no cost. In this work a procedure is 
developed for extracting silica from the straw material and supporting the extracted 
silica on a binding polymer (PAN) for granulation and improving their mechanical 
stability.  The produced granules (silica- PAN (S-PAN)) were used in the purification 
of  crude phosphoric acid . 
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Experimental 
 
Materials  
   The starting material for this work is a crude wet process phosphoric acid (P2O5 = 
48.425), supplied by Abu- Zabal  Fertilizer Co., Cairo , Egypt.  
Natural rice straw (NRS) , a by product of the rice agriculture is used for the 
preparation of extracted silica using various concentration of KOH according to the 
following procedure: natural rice straw (NRS) was stirred with KOH ( 0.5- 4.5 % ) at 
weight ratio 1:12 and heated till boiling for 3 min. , then the mixture was left over 
night. The filtrate is washed twice with doubly distilled water and 10% HCl solution 
was added (~ 100 ml ). The formed precipitate of silica was washed, dried at 105 oC 
and thus the silica extracted by  alkaline treatment was supported on polyacrylonitrile 
(PAN) according to the procedure reported by Sebesta(6). 
 
  The produced granular supported silica (S-PAN) having a specific surface area of 
21.5m2/g , was used  for the purification of  crude phosphoric acid.  
 
Analytical measurements 
The concentration of metal ions before and after treatment of crude phosphoric acid 
with S-PAN sorbent was measured using atomic absorption spectroscopy.  
  All experiments were done using  H3PO4 ~ (5M) obtained from Abu-Zabal Company 
and the purification of the acid will doneduring its manufacture ( i.e. in highly acidic 
condition).  
The crude acid was firstly purified from suspended matter by a filtration column (with 
internal diameter of 2.5cm and 10 cm length) , filled with sand and clay mixture.  
 
Batch Experiment 
 The factors affecting removal process e.g. contact time , batch factor, sorbent mass, 
were studied . Generally, 10 ml of the green acid  was contacted with 0.4g  of the S-
PAN  in stoppard glass bottles shacked  in thermostatic shaker.  After equilibrium was 
attained the mixture was filtered off and samples of the acid was analyzed for residual 
elements using atomic absorption spectrometer.  
The difference between the initial concentration (Co mg/l) and the equilibrium 
concentration (Ce mg/l) was calculated and used to determine the adsorptive capacity 
(qe) as follow:  qe = V(Co-Ce)/m , where V is the volume of the acid (ml) and m is the 
sorbent mass (g). The adsorption isotherms of iron were studied by shaking various 
amounts of  acid with fixed mass of sorbent (0.4g) till the attainment of equilibrium 
time. The residual concentration of iron was determined as described above. 
 
Column  experiment. 
Glass column with dimensions (1 x 25 cm) was used , and fitted with glass wool in 
the bottom to support the sorbent beds. The S-PAN (10g) was packed into the column 
which was feed with green acid at a flow rate of 1ml/min. The effluents were 
collected and analyzed for the residual iron using atomic absorption spectroscopy. 
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Results and Discussion 
 
 The efficiency of iron removal was studied as a function of the concentration of KOH 
used for silica extraction. Fig.1 represents the removal percentage of iron versus the  
% KOH taken  and it is found that 4% KOH was the optimum.  The prepared sorbent 
S-PAN contains ~85%  w/w silica . 
 
The concentration of the metal ions present in crude phosphoric before and after 
treatment is given in Table 1.   
 

Table 1: Concentration  of the major metal ions in crude phosphoric acid                                         
(P2O5=48.42%) before and after treatment by S-PAN sorbent. 

 
Metal ion concentration (w/w) % Metal ion 

Before treatment  After treatment  

Iron 2.40 0.400 
Aluminum 0.600 0.500 
Magnesium 0.650 0.450 
Cadmium 0.001 0.001 
Chromium 0.014 0.009 
Copper 0.001 0.001 
Zinc 0.005 0.005 
Uranium 0.006 0.003 
 
It is clear in from above table that the prepared sorbent (S-PAN) showed a very small 
effect in removing most of the metal ions except iron.  So, the major of the 
experimental studies have been concentrated on iron only. 
 
Effect of temperature 
The temperature effect was studied at four different temperatures in the range (25-60) 
oC , and it was no significant temperature effect on the removal of  iron (Table 2). 
 
Table 2: Effect of temperature on the removal of iron 

Temp. , oC (Fe Removal %  w/w) 
25 81 
35 81 
45 81.5 
55 81 

 
Effect of shaking time  
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     The removal of iron from the green acid was studied at various time intervals and 
the results are given in Fig. 2. It is found that the removal percentage of iron increased 
from 10- 82 % when the time increased from1- 24 hour. While the plateau region of 
removal percentage against time begins at 24 hour. So, 24 hour contact is optimum for 
all experiments. 
  
 
 
Effect of sorbent dose  
The results in Fig.3 represent the removal percentage against the sorbent (S-PAN) 
dose (g/l).  These results clarify that the sorbent dose (40 g/l) produces the highest 
removal percentage (83%) after 24 hour of contact between acid and sorbent.  
 
Adsorption isotherms 
   Adsorption data for a given range of adsorbate concentration are most conveniently 
described by adsorption isotherms. The known isotherms of Langmuir or Freundlich 
were considered which relate the sorption density qe (metal sorption per unit weight of 
sorbent) to the equilibrium adsorbate concentration Ce mg/l in the bulk of the liquid 
phase. (Fig 4).  
 
The Langmuir isotherm is valid for monolayer adsorption onto surface containing a 
finite number of adsorption sites.  The Langmuir isotherm is represented by equation 
1: (8) 
                                 1/qe =(1/qo) + (1/bqo/Ce)                             [1] 
where Ce is the equilibrium concentration (mg/l) , qe is the amount adsorbed at 
equilibrium (mg/g) and qo and b  are Langmuir constants related to sorption capacity 
and energy of adsorption, respectively(9). These constants were calculated from the 
linearized plot of  1/qe versus 1/Ce  (Fig. 5) and are tabulated in Table 3. It is clear that 
the  capacity of S-PAN sorbent  for iron is much greater than other sorbents(10). 
The favorable nature of adsorption process could be expressed in terms of the 
dimensionless separation factor of equilibrium parameter, which is defined as :  
                              RL = 1/(1+bCo)                                            [2] 
 where b is the Langmuir constant given in Eq. [1] and Co is the initial concentration 
of the adsorbate in solution(11). The value of RL was lower than 1 indicating favorable 
adsorption. 
 
Table 3: Langmuir and Freundlich constants  for sorption of   iron using S-PAN 
 
Ads. System. Langmuir constants Freundlich constants 

qo b R Kf n R Fe : S-PAN 
0.52 0.41 0.985 1.84 1.52 0.965 

  
The Freundlich adsorption isotherm was also applied  for sorption of iron onto S-
PAN.  While the Freundlich equation is represented  as (12)  
                                     logqe = logKf + 1/n logCe                        [3] 
Also the Freundlich constants (Kf  and n ) were calculated from the linearized plot of  
logqe versus logCe Fig.(6), and were given in table(3). It was found that these data do 
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not correlate the results as well as the Langmuir  isotherm which has higher 
correlation coefficient. 
 
Column studies   
     The break-through curve of iron using S-PAN column is given in Fig(7). The 
capacity of the column at 50% break-through Ce/Co = 50% ) was calculated and found 
to be 25.8mg/g.  The loaded column was regenerated using 0.2M HNO3 solution 
(50ml), reused for another sorption cycles up to four cycles. The column capacity was 
calculated at 50% break-through  and was found to be 25..3,  25.7, 24.3 mg/g for the 
second , third and the fourth loading cycles respectively. Hence it is reasonable to say 
that the column could be regenerated and reloaded up to four sorption –desorption 
cycles without significant effect on the capacity. 
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Fig. (1): Effect of KOH concentration used for silicate extraction

on the removal of iron from green acid using S-PAN sorbent 
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Fig.(2): Removal percentage of iron from 

green acid as a function of contact time per hour
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Fig.(3) Effect of sorbent (S-PAN) dose on theremoval

percentage of iron from green acid after 24 hour 
of contact



 8th ARAB INTERNATIONAL CONFERENCE ON 
POLYMER SCIENCE & TECHNOLOGY 

27 – 30 November 2005, Cairo-Sharm El-Shiekh, EGYPT 

 

 
 
 

 
 
 

0 5 10 15 20 25 30 35 40
5

6

7

8

9

10

11

12

13

14

15

q e(m
g/

g )
x1

02

Ce(mg/l)x103

Fig.(4): Isotherm plot of iron using S-PAN
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Fig.(5): Langmuir plot for sorption of iron from wet process
phosphoric acid using S-PAN
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Fig.(6): Freundlich plot for sorption of iron from 
wet process phosphoric acid using S-PAN sorbent
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