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ABSTRACT 
In this work, silica was extracted from rice husk (RH) by different 

techniques and used for removal of some heavy metals from industrial phosphoric 
acid. The data obtained, showed that removal of Cu(II), Cd(II) and Pb(II) is 
efficient when the silica used is obtained by acidic treatment, while the removal of 
Fe(III) and Zn(II) is efficient when the silica used was obtained by alkaline 
treatment of RH. On the other hand, if silica used is obtained from rice husk ash 
(RHA) it was found  more efficient for the removal of Mn. In all cases, the 
concentration of silica has been characterized by UV-Spectrophotometery. FTIR, 
SEM and EDX were used for predication of  sorption mechanism. 
Key Words: Purification/ Heavy Metals/ Industrial Phosphoric Acid / Silica from 
Rice Husk 

INTRODUCTION 
 

Phosphoric acid is manufactured in Egypt by treating the local phosphate ores with mainly sulfuric 
acid (wet process). The produced acid is accompanied by the solublization of major part of the 
heavy elements and uranium contained in the ores. Some of these elements which have been 
considered of special concern are; Cu(II), Cd(II) , Zn(II) and Pb(II)  that have been distinguished as 
hazardous substances. Beside the presence of uranium which cause a radiological environmental 
contamination. The presence of these impurities affects the quantity and the quality of the product. 
For this reason, about 95% of the acid produced by the wet-process is directly used as fertilizers 
and excluded from the use in non-fertilizer applications(1). Many research techniques have been 
investigated for purifying phosphoric acid, such as: liquid-liquid extraction(2-6), solid–liquid 
extraction(7), crystallization, pre-concentration or addition of additives(8). The use of these 
techniques was limited due to a number of disadvantages such as: limited efficiency; high costs of 
organic solvents and resins (more often not regenerable); difficulty in recovering all the solvent 
from both the raffinate and the purified acid; environmental pollution by some by-products. 

It is reported that for every tone of rice produced, ~ 0.23 tons of RH is formed and accordingly, the 
production of RH in Egypt is reported to be nearly 3 million tons10. If this can be used profitably 
through value added, economic benefits will accrue to the producers and thus to the national 
economy. Rice husk was chosen as an adsorbent in several water treatment processes(11,12). The 
advantages of RH in the application of removal of heavy metals are: granular structure, insolubility 
in water, chemical stability, high mechanical strength, and its local availability at almost no cost , 
low production costs and waste minimization.  

Burning RH gives ash containing >90% silica, which is normally in the crystalline form. However, 
under controlled burning conditions it gives amorphous silica, which is highly reactive due to its 
ultra fine size and high surface area (a form of micro silica with special properties.  

Extensive research has been carried out(13–17) on the preparation; properties and applications of RH 
during the last three decades and many papers and patents have been published on this subject. 
Govindarao, in his review(13), has mentioned various uses of RH of which the most promising 
included manufacture of industrial chemicals such as silica, sodium silicate, zeolite, activated 
carbon and refractory materials such as SiC and Si3N4.  



The present investigation aimed to use local agricultural by–product that is rice husk to produce 
different forms of silica by different routes of preparation. The produced silica was used as 
adsorbent materials for removal of some heavy metals from industrial phosphoric acid (P2O5 = 
48.42%) to be used for different purposes.   
 

EXPERIMENTAL 
 

Preparation of silica from rice husk attacked by different mineral acids solutions: 
 

The rice husk was mixed with 1N HCl in the ratio of 100 g husk per 1.2 L acid and heated at 
105oC for 2 h with stirring until the color of the husk gradually changed from yellow to dark brown. 
The husk was cleaned to remove acid using distilled water. It was then dried in an oven at 110oC. 
Subsequently, the treated husk was burnt in an electric muffle furnace at 500, 700, and 900oC for 1.5 
h. The produced silica takes the abbreviations: S1, S2, S3 respectively. The same procedure was 
followed with HNO3 pretreatment and S4, S5, and S6 was obtained respectively. But, with the H2SO4, 
the treated husk was burnt in an electric muffle furnace at 700, and 900oC for 1.5 h and S8, and S9 was 
obtained respectively.  
 
Preparation of silica from rice husk attacked by alkaline solutions: 

 
Raw RH 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, 
filtered and washed twice with distilled water until filtrate becomes neutral, The filtrate was collected, 
and subsequently used, as it is predicted to contain leached silica which is the major component of the 
ash. To the filtrate, 10% HCl was added, until the pH of the solution reached (5-7), to precipitate 
dissolved silica. The precipitate formed, was filtered, dried and weighed. S10 was obtained. Parts of the 
obtained silica (S10) were burnet in an electric muffle furnace at 500, 700, and 900oC for 1.5 h and S11, 
S12, and S13 were obtained. 

Sample (S14) was obtained in the same way as sample (S10), but the difference is the pre-wash 
of the raw RH with 3N HCl in the ratio of 1:15 RH to solution, and boiling for 30 min. with mixing. 
After cooling, the mixture was filtered and the residue was washed twice with distilled water until 
filtrate becomes neutral. The acid treated RH take the same procedure of sample (S10) for obtaining 
(S14). 
 
Preparation of pure silica from rice husk ash: 
 

Rice Husk Ash (RHA), was prepared by carbonization of RH at 500oC for 1 hour. RHA 
produced was washed by 1M acid (HCl or HNO3). The washed RHA was attacked using alkaline 
solution to produce silica as mentioned before.  The procedure used to extract silica from RHA is 
illustrated in the Figure (1) to obtain samples (S15 and S17): 

A part of samples S15 and  S17 were heated to 900 0C for 1.5 hr to obtain S16 and S18 
respectively. Figure 1 shows the flow chart for the process of prepared silica by different methods. 

 
Determination of total silica (SiO2): 

 
Total SiO2 solution was obtained by fusing with alkaline caustic soda and then the 

concentration of SiO2 was determined spectrometry in the preferred samples through its complexing 
color with ammonium molybdate reagent. Tartaric acid solution was added. Allow the solution 
standing for 45 min. The absorbance was measured using a Shimadzu UV-Vis. (160 A) 
Spectrophotometer at λ 640 nm. 



 
Treatment and analysis of  industrial phosphoric acid  

Industrial wet-process phosphoric acid (P2O5 = 48.42%), ~ 8M was kindly supplied by Abu-
Zaabal Company for fertilizer and chemical production, Egypt. All experimental runs were done after 
treating the crude H3PO4 (black acid) by sand, active carbon and flocculent to eliminate the organic 
matters and convert the acid to green color (2). Analyses of the produced green acid are given in Table 
(1). To ensure that all Fe(II) and U(IV)  ions are oxidized to Fe(III) and U(VI) ions, an oxidizing agent 
(H2O2, 30%) was added. It was obvious that 20 ml is sufficient for oxidation of these ions in 1 l green 
acid. 
 
Table 1 . Metallic Content in the Industrial Green Phosphoric Acid. 

Metals Concentration, mg/l 
U(VI) 
Cd 
Pb 
Zn 
Mn 
Fe 
Cu 

65 
6 

75 
150 
750 

25000 
7 

  
0.3 g of different silica prepared was used for removal of metals ion from 5 cm3 of 8M 

phosphoric acid. Kinetic tests were performed in glass reaction vessels solution in vessel was shaking 
at 100 rpm . The reaction vessels was kept at 25oC ±1 in a thermostatically controlled water bath. The 
kinetic performance of the samples with a particle size 0.355- 0.500 mm. Samples were withdrawn 
from the vessels at regular time intervals 2,5,10, 15,20,30 min. Equilibrium time was reached at 15 
min. 

The thiocyanate method(18) was modified to allow the determination of high concentrations of 
iron in phosphoric acid samples. Uranium concentration was determined in the samples of phosphoric 
acid through the color of arsenazo III–uranium complex(18) using a Shimadzu UV-Vis (160 A) 
Spectrophotometer. Other elements were determined by using Atomic absorption spectrometer.  
 

RESULTS AND DISCUSSION 
 

The different samples of the prepared silica were use as adsorbent materials for the removal of 
the elements which are produced as contaminates with industrial phosphoric acid. Silica extracted 
from rice husk by different techniques was used for removal of some heavy metals Cu(II), Cd(II), 
Pb(II), Zn(II), Mn(II) and Fe(III) from crude phosphoric acid. The data obtained, showed that: 
Removal of Cu(II), Cd(II) and Pb(II) is efficient when the silica used is obtained by acidic treatments, 
while the removal of Fe(III) and Zn(II) is efficient when using silica obtained by alkaline treatment of 
RH. While, if silica used is obtained  from rice husk ash it was found  more efficient for removal of 
Mn , as shown in Table.2. 
 

 
 

 



Treatment of Rice Husk by Different Methods to 
Produce Silica

Acid Attack Alkaline attack Carbonization at 500°C

1 N HCl 1 N HNO3 1 N H2SO4 Direct attack 5% 
KOH 

S1 
500°C 

S2 
700°C 

S3 
900°C 

S4 
500°C

S5 
700°C

S6 
900°C

S7 
Not applicable 

S8 
700°C

S9 
900°C

S10 
100°C

S11 
500°C

S12 
700°C

S13 
900°C

Prewashed by 3N 
HCl then 5% KOH

S14 
100°C

Washed by 1N HCl 
then attack 1N KOH

Washed by 1N HNO3
then attack 1N KOH

S15 
100°

S16 
900°C 

S17 
100°C

S18 
900°C 

 
 
 
 

 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 
 
 

 
 

 
 

Fig.(1): The flow chart for the processes used for preparing silica from RH and RHA using different techniques  
 
 



Treatment Processes: 
 
Alkaline treatment:  
 

It was found that direct alkaline treatment for prepared silica from rice husk has a good 
efficiency for removal of ferric ions. Also, it was found as temperature raise from 100 to 900 oC  
the uptake of  ferric ions increased from 73.3% for S10 ( 100oC) to 84.5 for S13 (900oC).  
Prewashing by acid for rice husk before alkaline attack is not recommended and costly, S14 gives 
81.0%. Carbonization of rice husk at 500oC then washed by HCl and HNO3 before attack by 
KOH was performed . It was found carbonization – HNO3 – KOH process much better than 
Carbonization – HCl – KOH . The uptake of ferric ion decreased from 80.5% for S17 to 21.8% 
for S15 and from 41% for S18 to 1.3 for S16 at the conditions of temperature. 

Alkaline treatment gives good results also with Cu (85.8%), Cd (86%) and Pb (76%) over 
than Mn (13.9%) and Zn (12%) at 100oC. It was found the same behavior with effect of 
temperature on removal of Cu, Cd and Pb as follows: 100oC > 500oC >700oC > 900oC. Also it 
was found that Prewashing by acid for rice husk before alkaline attack is not recommended and 
costly with these metals. 

The technology of different acids attack  or carbonization at 5000C were not useful for the 
recovery of ferric , observing an average removal of  4%.  This process of technology was not 
useful for the recovery of uranium. The removal of uranium not more than ~ 5%. 

 
Acid treatment: 
 

It was found that acid treatment for prepared silica from rice husk has a good efficiency 
for removal of Cu, Cd and Pb over than Zn. While poor removal with Fe (~ 3.5%) , Mn(~5.5%) 
and U (~5%).  Also, it was found that media of  sulphate > chloride >  nitrate  for removal 
processes. Removal of Cu, Cd and Pb decrease with increase in temperature from  500oC to 
900oC in chloride media. However Cu decrease from 90% at 500oC to 70%  900oC  . While the 
removal of these metals increase with increasing temperature in nitrate and sulphate media. 
However the Cu increase from 90 to 95% in sulphate and from 54.5 to 57% from nitrate media. 

Acid attack is only treatment which gives the good results with Zn over than alkaline and 
carbonization treatment. Although , the removal % not more than 30.9%  from sulphate media, So 
, successive stage will recommended with removal of Zn. 
 
Carbonization treatment: 
 

This method of treatment collect between the carbonization , washing by acid and attack 
by alkaline solution . It was found that S17 have the best condition for removal of Mn form 
industrial green phosphoric acid ~8M which gives 80%.  It was found hat S17 have a high 
extracted % of silica from rice husk ~ 54.6% . It was found that prewashing by HNO3 is more 
effective than prewashing by HCl. The data obtained found that removal % strongly affected by 
the temperature. Removal of Fe by the system [washing by HNO3- KOH-100oC] (80.5%)  > 
[washing by HCl – KOH- 100oC] (21.8%) , at the same media but at different temperature  , it 
was found that the washing by [HNO3- KOH-100oC] (80.5%)  > [ washing by HNO3 – KOH- 
900oC] (41%). 

 
Characterization of S10 as example for removal of metals ion: 

 



Silica gels obtained by alkali-leaching concentrations (S10) show a low rate dehydration 
wave (12.6 %) up to 800°C. could be attributed to the presence of a few contaminating organic 
component that decompose at high temperature range. See Fig.2. 



Table.2. Silica extracted from rice husk by different techniques used for removal of some 
heavy metals Cu(II), Cd(II), Pb(II), Zn(II), Mn(II) and Fe(III) from crude phosphoric acid. 

% Removal Sample 
no. 

% of 
silica 

Mn Cu Zn Cd Pb Fe U 
S1 40.58 3.1 90.0 24.0 80.5 70.0 21.0 3.2 

S2 40.11 1.4 81.8 22.7 75 60.8 11.8 2.1 

S3 40.11 1.3 70.0 19.6 70 55.8 8.5 1.5 

S4 41.62 1.1 54.5 16.6 12.0 92.3 0.12 5.7 

S5 43.48 5.8 56.5 18.8 14.2 80.0 2.0 6.2 

S6 47.26 11.6 57.5 25.8 16.2 75.0 2.1 7.3 

S8 47.01 8.1 90.0 26.9 85.0 70.0 1.5 4.5 

S9 43.48 11.6 95.0 30.9 90.0 82.3 7.2 6.8 

S10 28.88 13.9 85.8 12.6 86.0 76.0 73.3 7.8 

S11 24.39 17.4 83.8 13.5 85.7 70.2 80.4 6.6 

S12 21.38 15.1 75.0 15.7 77.7 52.3 84.0 5.4 

S13 28.24 26.7 70.0 13.5 60.0 44.7 84.5 4.6 

S14 30.64 26.7 81.8 10.5 70 68.4 81.0 6.5 

S15 34.75 48.8 90.0 10.7 90.0 81.5 21.8 33.0 

S16 33.53 2.3 83.0 1.5 85.7 50.0 1.3 22.0 

S17 54.64 80.2 94.0 16.6 93.7 84.7 80.5 37.0 

S18 32.73 27.9 89.0 10.5 88.5 63.0 41.0 25.0 

 
FTIR studied for sample S10, see Fig.3, where the intensity of the bands at 464, 807, 

3665 and 3454 cm-1 due to, SiO2, 1659 for adsorbed H2O or deformation of OH and 1095 for Si-
O-Si are decreased after sorption of metals ions(7). Besides, two types of chemical bindings can be 
responsible for the adsorption of metals ions onto the carbon surface(7): the covalent bonding due 
to the sharing of the free electron pairs between the surface O-atom and the metal atom or the 
formation of an  
O. . .M bonding. 

The hydrogen bonding results from the surface oxygen atom and the hydrogen atom of 
the hydrated metal ion at bands 167.5 and 129.5 cm-1. It is worthy to mention that the surface 
complex formation is not only the mechanism which responsible for the uptake of metals ion by 
silica. So, the interaction between metals ions and silica is more complex than an adsorption 
phenomenum even at very acidic environment (~5 M H3PO4). 
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 Fig.(2): TGA and DTG of extracted silica for S10. 

 
This can be confirmed by the and by FTIR as shown in Fig. 3, where new additional 

peaks at 3155, 1834, 1405 and 1513 cm-1 are formed and the original ones completely 
disappeared at 1741 and 1704 cm-1. SEM and EDX for sample S10 also was studied after attack 
by phosphoric acid as shown in Fig.4.   

The initial morphology of the S10 shows some stones pieces which have some spots due 
to the uptake of metals ions. Such spots do not cover the surface completely, which indicate that 
the uptake occurs on special active centers on the surface leading to its rough appearance not 
smooth surface as shown in initial morphology. Perhaps, a partial dissolution of silica occurs and 
a reprecipitation with cations takes place. That is why the morphology of the solid changes after 
adsorption.  
 

 
Before                                                                   After 

Fig.(3): FTIR for S17 for range 100-400 cm-1 before and after treatment. 
                      



 
Fig.(4):  SEM and EDX for S10 (with metals ion) 

 

Sorption Mechanism  
 

Adsorption is defined as the accumulation of matter at the interface between the aqueous 
solution phase and a solid adsorbent(19,20). However, adsorption processes may be due to several 
mechanisms(21,22) such as ion exchange and the formation of surface complexes by surface 
function groups. Because of the nature of the adsorption , whether physical or chemical , it occurs 
fast and is often involved in the early metal uptake. Sorption of metal ions onto S10 can be 
understood in terms of heterogeneous surface containing mainly Si–O and C–O oxides surfaces. 
It is well known that silica dissolves in hot alkali hydroxides forming orthosilicate and water as 
follows: 
SiO2 + 4OH → 2H2O + SiO4

4– (orthosilicate) 
≅SiO4

4– + M2+ → SiO4 M 
≅SiO4

4– + M2+ + 3H3PO4
   + H2O4

  → MSiO4 (PO4)3( OH)4 + 7H+ 

The formed potassium silicate decomposed by acid (HCl) with precipitation of silica 
(SiO2). The oxidized sites on the molecule are saturated with potassium, which is readily 
exchanged for all heavy elements found in phosphoric acid. The adsorption of metal ions at SiO2 
interfaces can be understood in terms of surface complex formation with deprotonated surface 
silanol groups as ligands as shown in Fig.5. It is likely that part of the OH- consumption shown in 
Fig.5. was used to neutralize these protons.  However, there is still further work to be done in the 
understanding of sorption mechanisms.   
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Fig.5. Structure of silica surface depicting the various types of bonds and silanol groups 
present 
                                                                                 

CONCLUSION 
 

Silica extracted from rice husk by different techniques was used for removal of some 
heavy metals Cu(II), Cd(II), Pb(II), Zn(II), Mn(II) and Fe(III) from crude phosphoric acid. The 
data obtained, showed that: 

− Removal of Cu(II), Cd(II) and Pb(II) is efficient when the silica used is obtained 
by acidic treatment, while 

− The removal of Fe(III) and Zn(II) is efficient when using silica obtained by 
alkaline treatment of RH. While,  

− If silica used is obtained from rice husk ash it was found more efficient for 
removal of Mn. In all cases, the concentration of silica has been characterized by 
UV Spectrophotometery and it was ranged between 20-50 % according to the 
method of preparation.  
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