
C H A P T E R  II

RICE HUSK SILICA EXTRACTION

2.1 Introduction

Thailand, one of the famous rice producing countries in the world, has shared 
a 3% annual increase in paddy production over the past decade. Reported by 
Department of Export Promotion, Ministry of Commerce in 2001, the local annual 
rice production is approximately 24 million metric tons. This amount results in the 
disposal of 5 million metric tons rice husk which is considered as an agricultural solid 
waste.

Although rice husk has been introduced as an effective biomass fuel, the 
utilization of rice husk for energy production has not been practical for small mills. In 
other words, there are not many uses for the husk after milling, so disposal of the husk 
has been a major problem contributing to serious environmental consequences. Many 
mills usually dump or bum the husk in the open area, even illegal dumping has been 
regulated. Open burning emits unfiltered smoke and ash leading to air pollution and 
health effects. Furthermore, natural decomposing husk releases methane, a major 
pollutant that contributes to global warming. However, a few of the large mills bum 
husk for advanced purposes such as to generate mechanical power, electricity and 
steam for drying paddies or parboiling rice. Besides those mentioned, many research 
efforts are working toward developing more practical and cost-effective techniques 
for the utilization of rice husk. [Hamdan, 1997; Kalapathy, 2000; Ajiwe, 2000; Della, 
2002],

The recovery of valuable substances from agricultural wastes particularly 
agricultural residues is beneficial in raising the value of domestic agricultural output. 
Since, plenty of silica was found in rice husks and there is simple technique for its 
extraction, the recovery of pure silica from husk has been working increasingly 
attractive. This provides extremely positive benefits in terms of business and
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environment that it not only reduces husk waste but also to make value-adding of 
extracted silica. This chapter emphasizes silica extraction beginning with literatures, 
methodology followed by product characterizations. The cost analysis of extracted 
silica would be mentioned in Chapter VII.

2.2 Objectives

This chapter mentions about the method of silica extraction from rice husk 
waste generated in Supanburi province, Thailand. The main objectives were proposed 
as follows:

1. To extract highly reactive silica from rice husk by using the acid leaching 
method.

2. To investigate economic benefits in terms of capital and operating costs 
throughout the extraction process.
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2.3 Literature Reviews

2.3.1 General Information on Silica

Silica refers to the chemical compound, silicon dioxide (SiC>2). Most of silicas 
could be found in many natural compounds such as volcanic rock and ash, rich-silica 
plants and organisms. Synthesized silicas are chemically produced for specific 
purposes. Generally, silica can be classified into two types: crystalline silica and 
amorphous silica [lier, 1979].

2.3.1.1 Crystalline silica

Crystalline silica is a mineral made of silicon and oxygen that is naturally 
abundant in the earth’s crust. It may be found in more than one form. The 
polymorphisms of crystalline silica are alpha quartz, beta quartz, tridymite, 
cristobalite, keatite, coesite, stishovite, and moganite [Ampian and Virta, 1992; 
Heaney, 1994; Guthrie and Heaney, 1995], Each polymorph is unique in its spacing, 
lattice structure, and angular relationship of the atoms dependent on the temperature 
and pressure of that synthesis. When temperature increases, various crystalline 
transitions are gradually developed in the order of quartz, tridymite and crystobalite 
and finally melting occurs. The atmospheric pressure transformations of crystalline 
silica at various temperatures were illustrated in Figure 2-1. In nature, the alpha form 
of quartz, the most common form, is so abundant that the term “q u a r tz” is often used 
in place of the general term “cry s ta llin e  s i l ic a ” [Bom, 1992 and Virta, 1993].

Quatz ^ Tridimite — x  Crystobalite x  Melting
870 °c 1723 °c 1740 ๐c

Figure 2-1 Transformations of crystalline silica at various temperatures [lier, 1979].
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2.3.1.2 Amorphous Silica

Amorphous silica is defined as a naturally occurring or synthetically produced 
oxide of silicon in two common forms: hydrated and dehydrated silica. Amorphous 
silica is highly reactive compared to that of crystalline silica and its applications are 
regularly found in the uses of chemical reactants and binders, such as an extender 
pigment, a flatting agent, and a desiccant. The amorphous phase is clearly 
distinguished by the absence of crystalline-based peaks and the broad absorbance of 
its X-Ray Diffraction patterns. Three types of amorphous silicas can be identified 
according to the production methods:

• Vitreous silica, made from fusing quartz.
• Silica M, formed by irradiation with high speed neutrons. This type is thermally 

unstable because it can be transformed to quartz at 930 °c within 16 h.
• Microamorphous silicas including sols, gels, powders, and porous glasses, 

generally consist of a fine particle less than a micron in size or have a specific 
surface area greater than 300 m2 g'1.

Naturally, microamorphous silicas have been considered from either the vapor 
phase ejected from the volcanic eruption or deposited from supersaturated solution in 
natural water and in living organisms. Except for silica extracted from plants or 
diatoms, natural microamorphous silicas are highly contaminated by other minerals 
that brought about the limitations of their commercial uses. Therefore, plants are 
recognized as the high quality silica source for many specific purposes. The 
controlled conditions during the synthesis process provide many stabilized forms such 
as microscopic sheets, ribbons, fiber and spherical particles linked together in the 
three-dimensional network. Figure 2-2 presents the schematics of spherical silica in 
three volumetric patterns, discrete or separate particles in sols (a), aggregates with 
siloxane bonding at the contacted sites found in gels (b) and three-dimensional bulks 
of aggregated particles in aerogels, called pyrogenic silicas and dispersible silica 
powders (c).
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a) sol b) gel c) powder
Figure 2-2 Ultimate particles in common forms of colloidal silica [lier, 1979].

Anhydrous forms generally called “p y ro g e n ic” or “f u m e d '  silica are recovered 
from the gaseous phase at high temperatures. Vaporizing silicon dioxide in an arc or 
oxidizing the volatile silicon compounds such as SifLt or SiCU with dry inert gas 
causes silica to condense as a white powder. Surface-hydroxylated amorphous silicas 
are nucleated slowly in the solution saturated with Si(OH)4 monomers, which then 
undergo to be dehydrated and precipitated out from the solution. The reaction takes 
place at an extremely slow rate and when the concentration of Si(OH)4 exceeds 
2x1 O'3 M, the colloidal particles will be produced competitively. Particularly, the 
precipitation of silica from the supersaturated solution mostly provides spherical 
silica. However, other useful forms are particularly tailored by the control of pH, 
temperature, pressure and Si(OH)4 concentration. The effects of these parameters on 
the way of silica formations are reported. The synthesis of silica under hydrothermal 
conditions in the presence of solvent or water rapidly increases the rate of silica 
precipitation [lier, 1979],

Silica in the form of soluble silicate is widely used in glass, ceramic, cement, 
pharmaceuticals, cosmetics and detergent industries. Additionally, it has been used as 
a major reactant for various synthetic chemistries such as catalyst, coating film and 
semiconductor [Kalapathy, 2000]. The development of simple and low energy 
techniques of silica extraction from natural resources has been attractive.
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2.3.2 Rice Husk Silica

Rice husk, an abundant residue of rice milling and rich in silica, is commonly 
utilized as a fertilizer and feedstuff in agriculture, raw material in ceramic and 
metallurgical industries such as ceiling and partition products, brick making and as a 
energy resource in the combustion process. Rice husk can be used as fuel in heat 
generation for drying rice due to its high calorific power, approximately 16,720 kJ 
kg'1 [Della, 2002]. Figure 2-3 shows the diagram of energy used for milling and 
electricity produced on the basis of a 1 ton paddy. Ramboll (1998) found out that the 
energy generated from rice husk (90-125 kWh) is much more than the energy used in 
rice production (30-60 kWh) and if all the rice husk in our country was used to 
generate energy, that would amount to approximately 2,400 GWh electricity per year. 
By direct combustion, the conversion is as low as 40% with particulate emissions in 
the flue gases in excess of 3000 mg (Nm3)'1. In this combustion, rice husk ash (RHA) 
is produced. The burning of rice husk in air always leads to the formation of silica 
ash, which varies from gray to black depending on inorganic impurities and unbumed 
carbon amounts.

The compositions of compounds contained in rice husk are 16% ash, 35% 
cellulose, 22% hemicellulose, 13% lignin, 3% soluble and 9 %  moisture. It is evident 
that hemicellulose and lignin can be hydrolyzed in HCl, H 2 S O 4 ,  H N O 3  and HBr and 
digested into simple species, while cellulose is only partially digested and finally 
leaves a non-hydrolyzed product as silica. The difficulty of digesting cellulose may be 
related to its partially crystalline nature. After burning out impurities, more than 95 % 
of amorphous silica remains in rice husk ash [Hunt, 1984], The chemical 
compositions of rice husk ash before and after burning were examined as presented in 
Table 2-1.
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30-ฒ kWh Electricity 
consumed in milling

1 ton of paddy

Rice Mill 220 kg of rice husk
90-125 kWh Electricity 

generated

650-700 kg of rice Feedstuff and Decompost

Figure 2-3 Equilibrium of energy used for milling and electricity produced on the 
basis of a 1 ton paddy adapted from Ramboll (1998).

The utilization of rice husk ash (RHA) in terms of waste management has 
gradually developed over the decades. Since 1938, the discovery of high silicon 
content deposited in rice husk has resulted in several studies for the preparation of 
elementary silicon and a number of silicon compounds; especially silica, silicon 
carbide, and silicon nitride [Della, 2002]. Recently, rice husk ash in blackish form is 
used as water soaking material and some of them are exported to the European 
countries for the utilization as a silica source for the electronic industries [Krishnarao, 
2001], The benefit of rice husk ash has been recognized as an additive for cement and 
concrete fabrication [Ajiwe, 2000].

Rice husk ash mainly consists of hydrated amorphous silica and trace amounts 
of metals depending on the variety, climate and geographic location. As shown in 
Table 2-2, rice husk produced from Asia contains a higher silica content than that 
found in Tanzania [Stroeven, 1999]. The composition of rice husk ash generated in 
Thailand was reported by Lohsoontom (2002). It was also reported that the obtained
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ash possessed an amorphous phase with the density of 1.83 g cm'3, specific surface 
area of 332 m2 g '1, and average pore size of 59 Â.

Table 2-1 Compositions of rice husk ash (blackish form) before and after burning out 
at 700 °c for 4 h, based on % by weight [Della, 2002].

Minerals RHA as received RHA after burning
Si02 72.1 94.95
k 20 0.72 0.94

Na20 0.50 0.25
CaO 0.43 0.54
MgO 0.70 0.90
Fe2C>3 0.15 0.26
P2O5 0.06 0.74
MnO 0.15 0.16
Ti02 0.05 0.02

A120 3 0.30 0.39
Loss on fire 24.3 0.85

Table 2-2 Compositions of rice husk ash analyzed by using the X-ray Fluorescence 
characterization (% by weight) obtained from different countries.

Minerals Thai RHA
[Lohsoontom, 2002]

Vietnamese RHA
[Stroeven, 1999]

Tanzanian RHA
[Stroeven, 1999]

Si02 99.66 96.7 88.9
AI2O3 0.10 0.08 0.3
Fe20 3 0.02 0.03 0.19
CaO 0.19 0.30 0.43
k 2o 0.03 0.73 3.67
MgO - 0.16 2.07



12

A fte r  th e  c o m b u s t io n , m o re  th an  96%  b y  w e ig h t  o f  s i l ic a  r e m a in s  in  th e  w h ite  
ash . R ic e  h u sk  s i l ic a  in  an  a m o rp h o u s form  is  a p p r o x im a te ly  3 0 - 4 7  p m  in  p artic le  
s iz e .  A  c o m b in a tio n  o f  B a c k  S ca ttered  E lec tro n  (B E I)  and  X -r a y  im a g e s  o f  r ic e  h u sk , 
p r e se n te d  in  F ig u r e  2 -4 ,  s h o w s  th e  p o ro u s  stru ctu re in  w h ic h  s i l ic a  is  co n cen tra ted  
m o s t ly  u n d er  th e  o u ter  su r fa c e  o f  h u sk . [S tr o v e n , 1 9 9 9 ],

Figure 2-4 C o m b in e d  B a c k  S ca ttered  E lec tro n  a n d  X -r a y  im a g e s  r e v e a lin g  p orou s  
h u sk  stru ctu re  a n d  s i l ic a  c o n c e n tr a tio n  at th e  ou ter  su r fa c e  [S tr o v e n , 1 9 9 9 ].

F in g e r  p rin t X -r a y  d iffr a c tio n  o f  a m o rp h o u s s i l ic a  s h o w n  in  F ig u r e  2 -5  appears  
at 2 0  c lo s e  to  2 3 ° . F o u r ier  tran sform  in frared  data  illu stra ted  in  F ig u r e  2 -6  in d ic a te s  
th e  fu n c t io n a l g r o u p s  fo u n d  in  r ic e  h u sk  s il ic a . A m o r p h o u s  s i l ic a  c o n s is t s  o f  s i lo x a n e  
( S i-O -S i)  an d  s ila n o l g r o u p s  (S i-O H ). T h e  in c r e a s in g  in  th e  n u m b e r  o f  a b so rp tio n  
p e a k s  is  re la ted  to  th e  m o r e  c o m p le te n e s s  o f  s i l ic a  c r y s ta ll iz a t io n . I f  s i l ic a  tetrahedral 
c a n  b e  c o n n e c te d  to  fo rm  ch a in , r in g  or m o re  c o m p lic a te  n e tw o r k , th e  a b so r b a n c e  in  
th e  ra n g e  o f  1 2 0 0  an d  7 0 0  c m ' 1 w il l  b e  o ccu rred  [Ib rah im , 1 9 8 0 ; K a m a th , 1 9 9 8 ].
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Figure 2-5 X -R a y  D if fr a c t io n  pattern  o f  a m o rp h o u s s i l ic a  p r o d u c e d  fro m  r ic e  h u sk  
a sh  [K a la p a th y , 2 0 0 0 ] .

Wave number (cm 1)

Figure 2-6 F o u r ie r  T ra n sfo rm  Infrared  sp ectra  o f  a m o r p h o u s s i l ic a  p r o d u c e d  from  
r ic e  h u sk  a sh  [K a la p a th y , 2 0 0 0 ] .

T h e  c o n v e n t io n a l p r o d u ctio n  o f  pure s i l ic a  is  b y  sm e lt in g  q u artz  at a h ig h  
tem p era tu re . D u r in g  th e la s t  d e c a d e , it w a s  s u c c e s s fu l ly  to  ex tra c t s i l ic a  fro m  s ilic a -  
r ich  v e g e ta b le s  su c h  r ice  h u sk . A c id  le a c h in g  h a s b e e n  fo u n d  to  b e  a  c o s t  e f fe c t iv e  
m e th o d  req u ir in g  a lo w  a m o u n t o f  e n e r g y  to  re tr iev e  a m o r p h o u s  s i l ic a  from  r ice  h u ll. 
T h e  e x tr a c ted  s i l ic a  w a s  r e v ie w e d  a s an e c o n o m ic a l ly  v ia b le  raw  m ater ia l for  the  
p r o d u c tio n  o f  s i l ic a  g e ls  an d  p o w d e r s  [R ah m an , 1 9 9 7 ; K a m a th , 1 9 9 8 ; C h ak raverty , 
1 9 9 1 ] , T h e  s o lu b i l i ty  o f  a m o rp h o u s s i l ic a  w a s  v e r y  lo w  at th e  p H  le s s  than 10 but it
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in c r e a se d  sh a rp ly  a t th e  p H  m o re  th an  10. T h is  b e h a v io r  le d  to  th e  p r e c ip ita tio n  o f  
s i l ic a  fro m  s i l ic a te  so lu t io n  [C h ak raverty , 1 9 9 1 ] . T h e  q u a lity  o f  s i l ic a  u t il iz e d  from  
r ic e  h u sk  w a s  d e te r m in e d  o n  th e  b a s is  o f  th e  im p u r itie s  r e m o v a l w ith  lo w  e ffo r t and  
h ig h  s p e c if ic  su r fa c e . B a n e r je e  (1 9 8 2 ) ,  c ite d  in  R iv e r o s  ( 1 9 8 6 ) ,  p r e se n te d  th e  m eth o d  
o f  s i l ic a  e x tr a c tio n  w h ic h  b e g a n  w ith  w a sh in g  th e  r ic e  h u sk  w ith  w a ter , fo l lo w e d  b y  
รนท d r y in g  an d  b u rn in g  at 4 0 0  ° c  to  g e t  w h ite  a sh  (S iC b ) b u t th e  ash  c o n ta in e d  m a n y  
m in era l c o n ta m in a n ts  su c h  a s  so d iu m , p o ta ss iu m  and  c a lc iu m . M a n y  au th ors h a v e  
c o n c lu d e d  that th e  p r e lim in a r y  le a c h in g  o f  r ic e  h u sk s  w ith  a so lu t io n  o f  HC1, H B r,  
H N O 3 , H 2 S O 4 , N a O H  an d  N H 4 O H , b o ile d  b e fo r e  th erm al trea tm en t in  th e  tem p eratu re  
r a n g e s  fro m  5 0 0 - 1 4 0 0  °c , p r o v e d  to  b e  e f f e c t iv e  in  th e  r e m o v a l o f  m e ta llic  im p u r itie s , 
w h ic h  p r o v id e d  w h ite  a sh  s i l ic a  an d  th e  h ig h  s p e c if ic  su r fa c e  area.

R iv e r o s  ( 1 9 8 6 )  p r o p o se d  th e  a c id  le a c h in g  o f  r ic e  h u sk  in  th e  b o i l in g  so lu tio n  
o f  1:3 H C 1:H 2 Ü  fo r  1 h  an d  d ried  th e  h u sk  in  h o t a ir b e fo r e  c a lc in a t io n . A fte r  th is  
p r o c e s s , th ere  w a s  a s ig n if ic a n t  d e c r e a se  in  th e  a m o u n t o f  im p u r it ie s , a p p r o x im a te ly  
3 0 0  p p m . T h e  b etter  m e th o d  w a s  im p r o v e d  b y  K a la p a th y  ( 2 0 0 0 )  te c h n iq u e . A c id  
le a c h in g  fo l lo w e d  b y  a lk a li w a sh in g  and  fin a l w a ter  r in se  e f f e c t iv e ly  red u ced  so m e  
m in era l im p u r it ie s  to  le s s  th an  1 0 0  p p m  an d  9 9 %  p u rity  o f  s i l ic a  w a s  o b ta in e d  from  
th is  te c h n iq u e .

In 1998, F a ro n e  et a l. p a ten ted  a m e th o d  o f  r e m o v in g  s i l ic a  fro m  h y d r o ly z e d  
c e l lu lo s e  in  su g a r  c a n e  u s in g  th e  a lk a li trea tm en t (5-10% N a O H ) at 80-90 ° c  to  
p r o d u c e  s i l ic ic  a c id . S i l ic ic  a c id  w a s  p r e fera b ly  tra n sfo rm ed  to  s i l ic a  g e l an d  so d iu m  
s i l ic a te ,  th en  u se d  a s  a  s il ic a  so u r c e  for  z e o l i t e  sy n th e s is . T h e  m eta l h y d r o x id e  w a s  
n e u tr a liz e d  w ith  su lfu r ic  a c id  an d  r e m o v e d  b y  d is t i l le d  w a te r  r in se s . T h is  p a ten t  
c o n tr ib u te d  to  h ig h  e f f ic ie n c y  and  e c o n o m ic  fe a s ib il i ty  a c c o r d in g  to  lo w  tem p eratu re  
req u ired  an d  a tm o sp h e r ic  sy n th e s is  c o n d it io n , w h ic h  w a s  r e c o m m e n d e d  for  r ice  h u sk  
as w e ll .

T h e  e f f e c t  o f  a c id , in c in era tio n  tem p era tu re  an d  t im e  r e su lte d  in  s i l ic a  
stru ctu re , p o r o s ity  an d  p u rity . T h e  a m o rp h o u s p h a se  w a s  ty p ic a lly  p er fo rm ed  un d er  
th erm a l c o m b u s t io n  o f  w h ic h  tem p era tu re  w a s  e m p lo y e d  in  th e  ra n g e  o f  4 0 0 - 7 0 0  ๐c .  
P re- an d  p o st-tr e a tm e n t u s in g  3 % ( v /v )  o f  HC1 or  10%  (v /v )  o f  H2 SO4  fo r  2  h a g in g  at 
a ratio  o f  5 0  g  h u sk  L~' and  c a lc in a t io n s  at 6 0 0  °c  for  4  h  g a v e  h ig h  q u a lity  9 9 .6 6  %



15

a m o r p h o u s s i l ic a  [Y a lc in , 2 0 0 1 ] .  T h e  c o lo r  c h a n g e  fro m  g r a y  to  b la c k  a fter air  
b u rn ed  p r o d u c t w a s  a ttr ib u ted  to  th e  c o m p le te n e s s  o f  th e  c o m b u s t io n  p r o c e s s , the  
p r e se n c e  o f  in o r g a n ic  im p u r itie s  and  th e  tra n sfo rm a tio n  o f  s i l ic a  stru ctu re. B y  treatin g  
w ith  3 N  HC1 an d  c a lc in a t io n  tem p era tu re  up  to  7 0 0  ๐c ,  th e  fo rm a tio n  o f  b la ck  
p a r tic le s , ca rb o n  f ix e d , c a n  b e  d im in ish e d  an d  b r ig h t w h ite  s i l ic a  w ith  h o m o g e n e o u s  
p a rtic le  s iz e  d is tr ib u tio n  w a s  p r o d u c e d  [D e lla , 2 0 0 2 ;  K rish n a ra o , 2 0 0 1 ] ,

D u e  to  th e  fa c t that r ic e  h u sk  a sh  is  c h e a p  an d  h ig h ly  r e a c t iv e , th e  r e c o v e r y  o f  
s i l ic a  fro m  th e  a sh  is  th e  a ttra ctiv e  p r o c e s s  w h ic h  n o t o n ly  m in im iz e s  w a s te  bu t a lso  
an in c r e a se  in  w a s te  v a lu e  is  c o n c e r n e d . R e c e n t ly , r ic e  h u sk  s i l ic a  w a s  s u c c e s s fu lly  
a p p lie d  a s  a s i l ic a  so u r c e  for  z e o l i t e s  sy n th e s is . T h e  h ig h ly  r e a c t iv e  s i l ic a  for  z e o lite  
A  and  Y  w a s  o b ta in e d  b y  th e  d ig e s t io n  o f  r ic e  h u sk  in  N a O H  at a h yd ro th erm al 
c o n d it io n  th en  p r e c ip ita tin g  an d  b u rn in g  1 0 0  g  sa m p le  in  m u ff le  fu rn a ce  p u rg ed  w ith  
air at 7 0 0  ๐c  a n d  1 0 0 0  °c r e s p e c t iv e ly . T h is  m e th o d  p r o v id e d  th e  m o st  r e a c t iv e  s il ic a  
in  th e  a m o r p h o u s  form : S i(O S i ) 4  tetrah ed ra l u n its  w ith o u t S iO H  g ro u p s [H am d an , 
1 9 9 7 ]. S im ila r ly , W a n g  e t  a l. ( 1 9 9 8 )  rep orted  that s i l ic a  fro m  g a s if ic a t io n  a sh  reacted  
p r o p o r tio n a lly  w ith  a lu m in a  and  a lk a li m eta l o x id e  w a s  u t i l iz e d  to  p r o d u c e  z e o lite  
Z S M -4 8 , w h ic h  e x h ib ite d  h ig h  s e le c t iv ity  for  th e  c o n v e r s io n  o f  o le f in  to  m eth an e.  
E v e n  c a r b o n a c e o u s  a sh , it w a s  a b le  to  p ro d u c e  h ig h  q u a lity  N a A  z e o l i t e  b y  u s in g  
ca rb on  b a se d  s i l ic a  d is s o lv e d  in  an  a q u e o u s  so lu t io n  a s  a rea c ta n t [N u r, 2 0 0 1 ] .  U p  to  
th e  p r e se n t, n o  litera tu re  o n  th e u se  o f  r ic e  h u sk  s i l ic a  for  m e so p o r o u s  m o le c u la r  s ie v e  
sy n th e s is  h a s  b e e n  p u b lish e d . T h e r e fo r e , w e  are in terested  in  a n o th er  a ltern a tiv e  u se  
o f  r ic e  h u sk  s i l ic a  fo r  th e  p rep ara tion  o f  s i l ic a te  m e s o p o r o u s  m a ter ia l, as its  
a p p lic a t io n s  are w id e ly  r e c o g n iz e d  in  m a n y  e n v ir o n m e n ta l a n d  c h e m ic a l  f ie ld s .
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2.4 Experimental

T h e  m o s t  c o m m o n  te c h n iq u e  e m p lo y e d  in  th is  w o r k  w a s  a c id  h y d r o ly s is . T h e  
e x tr a c te d  s i l ic a  p ro d u ct w a s  ch a r a c te r ize d  b y  stan d ard  m e th o d s  for  c h e m ic a l  
c o m p o s it io n s  a n d  fu n c tio n a l g ro u p  a n a ly s is . T h e  d e ta ils  o f  th e  e x tr a c tio n  p ro ced u res  
are p r e se n te d  b e lo w .

2.4.1 Materials and Chemicals
R ic e  h u sk  (fr o m  th e  r ice  m ill lo c a te d  in  S u p a n b u ri, T h a ila n d )
H y d r o c h lo r ic  a c id  (3 7 %  m /m , L a b -S c a n )
D e io n iz e d  w a ter

2.4.2 Apparatus and Instruments
G la s s  w a res  
D e s ic c a to r  
D ig ita l  b a la n c e  
U n iv e r s a l  in d ica to r
M u ff le  fu rn a ce  (C a r b o lite  2 0 1 ,  m a x im u m  tem p era tu re  up  to  1 0 0 0  ๐C ) 
X -r a y  d iffr a c to m e te r  (B ruker: m o d e l a x s  D 5 0 0 5  X -  d iffr a c tio n )
B E T  su r fa c e  a n a ly z e r  (M ic r o m er itic :  m o d e l A S A P  2 0 1 0 )
In frared  sp e c tr o m e te r  (N ic o le t:  m o d e l Im p a ct 4 0 0 D )

2.4.3 Methodology
T h e  s i l ic a  e x tr a c tio n  e m p lo y e d  in  th is  w o rk  w a s  a c id  h y d r o ly s is  m o d if ie d  from  

Y a lc in  an d  S e v in c  (2 0 0 1 ) .  T h e  p ro ced u re  w a s  o rd er ly  p r e se n te d  in  th e  fo l lo w in g . 1 2

1. R ic e  h u sk  w a s  g ro u n d  to  16 m e s h -s iz e  p a r tic le s , s ie v e d ,  an d  w a sh e d  w ith  
w a te r  to  r e m o v e  sa n d  and  sm a ll scarp s.

2 . A fte r  d r y in g , 3 0  g  o f  d r ied  h u sk  w a s  g e n t ly  r e f lu x e d  in  3 0 0  m L  o f  5 M  
H y d r o c h lo r ic  a c id  at 8 0  °c fo r  1 h.
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3 . T h e  h y d r o ly z e d  h u sk  w a s  r in sed  r e p e a tly  w ith  d e io n iz e d  w a te r  u n til th e  pH  
o f  th e  a g in g  a c id ic  so lu t io n  w a s  n eu tra l te s te d  b y  u n iv e r sa l in d ica to r .

4 . T h e  h u sk  w a s  d r ied  in  th e  o v e n  at 1 1 0  ๐c  for  3 h  th en  c a lc in e d  in  m u ffle  
fu rn a ce  p u rg ed  w ith  a ir  at 6 5 0  °c for  4  h.

5 . T h e  s i l ic a  o b ta in e d  fro m  r ice  h u sk  ash  w a s  c h a r a c te r ize d  b y  X R D , X R F , 
F T IR  a n d  th e  s il ic a  c o n te n t w a s  e x a m in e d  b y  th e  q u a n tita tiv e  tech n iq u e  
referred  to  IS O  3 2 6 2 -1 9 7 5  (E ).

2.4.4 Sample Characterizations

2.4.4.1 X-Ray Diffraction (XRD) Analysis

In ord er  to  e x a m in e  w h e th e r  th e  ex tr a c ted  s i l ic a  w a s  a m o r p h o u s s il ic a , the  
p o w d e r  X R D  p attern s w e r e  carried  ou t u s in g  th e  B ru k er  m o d e l a x s  D 5 0 0 5 .  T h e  
sa m p le  w a s  h o m o g e n e o u s ly  g ro u n d  a n d  f ir m ly  p a c k e d  in  a sa m p le  h o ld er . T h e  X -ra y  
w a s  o p e r a te d  u s in g  C u  K a  w h ic h  g en era ted  a cu rren t o f  4 0  m A  an d  a p o te n tia l o f  4 0  
k v .  T h e  sc a n n in g  w a s  p erfo rm ed  at 2 0  ro ta ted  from  0 -6 0  d e g r e e  w ith  th e  rate o f  1 .25  
d e g r e e s  p e r  m in u te .

2.4.4.2 Quantitative X-Ray Fluorescence Spectroscopic (XRF) Analysis

T h e  e le m e n t  c o m p o s it io n s  o f  p rep ared  c a ta ly s ts  w e r e  a n a ly z e d  b y  W a v e le n g th  
D is p e r s iv e  X -R a y  F lu o r e s c e n c e  (W D X R F ) sp ec tro m eter , m o d e l:  P W  2 4 0 0 .  T h e  6  g  o f  
d ried  sa m p le  w e r e  m ix e d  w ith  a b in d er  (H 3 B O 3 ) an d  p r e sse d  m a n u a lly  at 3 0  N  m ' 2  to  
m a k e  th e  p e l le t  sa m p le . A fte r w a rd s , it w a s  tran sferred  to  a sa m p le  h o ld e r  b e fo r e  th e  
m e a su r e m e n t. T h e  q u a n tita tiv e  e le m e n ta l a n a ly s is  w a s  p e r fo r m e d  o n  v a r io u s  referen t  
e le m e n ts  w ith  th e  cu rren t o f  1 0 0  m A  an d  th e p o te n tia l o f  2 4  k v  at th e  sc a n  sp e e d  se t  
o f  0 . 6  d e g r e e s  p e r  m in u te .

2.4.4.3 Fourier Transform Infrared Spectroscopic (FTIR) Analysis

T w o  g ra m s o f  r ic e  h u sk  s i l ic a  w e r e  g ro u n d  c o n s is te n t ly  w ith  2 0 0  g  o f  
s p e c tr o s c o p ic a lly  p u re  K B r  p o w d e r . T h e  m ix tu re  w a s  th en  p r e s se d  w ith  th e  h yd rau lic
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p r e ss  a b o u t 1 5 0  k g  c m ' 2 fo r  1 m in u te  and  in ser ted  in to  th e  V -m o u n t c e l l .  T h e  
m a x im u m  o f  th e  a b so r b a n c e  o ccu rred  in  th e  r e g io n  4 0 0 - 4 0 0 0  c m '1.

2.4.5 Results and Discussion

2.4.5.1 X-Ray Diffraction Spectroscopy

T h e  X -r a y  d iffr a c tio n  pattern  o f  r ic e  h u sk  a fter  c a lc in a t io n  at 6 5 0  ° c  is  
p r e se n te d  in  F ig u r e  2 -7 . T h e  b road  p e a k  o f  d iffra c to g ra m  a p p ea red  at a p p ro x im a te ly  
2 0  eq u a l to  23  p er fo rm s a c h a ra c ter is tic  o f  a m o rp h o u s s i l ic a  a s  s im ila r  to  that fo u n d  in  
r e fe r e n c e s  [H a m d a n , 1 9 9 7 ; K a la p a th y , 2 0 0 0 ; Y a lc in , 2 0 0 1 ]. T h e  flu c tu a tio n  o f  l in e s  
s h o w n  in  th e  f ig u r e  r e su lte d  fro m  th e  c o a r se  s c a n n in g  o f  ch a ra c ter iza tio n . E v e n  i f  n o  
o th er  m eta l s ig n a ls  w e r e  o b se r v e d  fro m  th e  X R D  d iffr a c to g r a m , it h a s n o t  b e e n  
c o n c lu d e d  th at th e  r ic e  h u sk  a sh  c o n ta in s  o n ly  th e  s i l ic a  e le m e n t  u n le s s  th e  p u rity  o f  
o b ta in e d  a sh  is  d e term in ed .

0 10 20 30 40 50 60

2 degree Theta

Figure 2 -7  X R D  sp e c tr u m  o f  th e  ex tr a c ted  s ilic a .
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2A .5 .2  X-Ray Fluorescence Spectroscopy

A fte r  h y d r o c h lo r ic  trea tm en t, th e  h y d r o ly z e d  r ice  h u sk  w a s  c a lc in e d  and  le ft  
w h ite  r e s id u e  a sh . T h e r e  w a s  n o  b la c k  p a r tic le  d e p o s ite d  in  th e  e x tra c ted  s ilic a . T h e  
X R F  r e su lts  in  T a b le  2 -3  in d ic a te s  fe w  m e ta llic  im p u r itie s  fo u n d  in  th e  sa m p le  but in  
trace  a m o u n ts  an d  th e  m a in  e le m e n t  co n ta in e d  in  r ice  h u sk  a sh  is  s ilic a . T h is  can  b e  
c o n fir m e d  w ith  th e  h ig h  in te n s ity  p e a k  sh o w n  in  F ig u re  2 -8 .  T h e  p e a k  at 2 0  eq u a l to  

1 0 8 -1 1 0 °  is  s i l ic a  w h ic h  c o r r e sp o n d in g  to  S iK a  cry sta l s c a n n e d  at 2 4  k v .  T h e  resu lts  
from  X R F  a n a ly s is  are fo u n d  in  g o o d  a g r e e m e n t w ith  th e  d e te r m in a tio n  o f  s i l ic a  
c o n te n t in  th e  a sh  a c c o r d in g  to  th e  stan d ard  m e th o d  IS O  3 2 6 2 - 1 9 7 5  (E ). T h e  a n a ly s is  
resu lt  rep o rted  b y  D e p a r tm e n t o f  S c ie n c e  S e r v ic e  c o n fir m e d  th at u p  to  9 9 .7 %  b y  
w e ig h t  o f  p u r if ie d  s i l ic a  w a s  o b ta in ed  from  r ic e  h u sk  ash .

Table 2-3 C o m p o s it io n s  o f  r ic e  h u sk  ash  o b ta in e d  fro m  th is  w o r k  a n a ly z e d  b y  
q u a n tita tiv e  X R F  (%  b y  w e ig h t) .

Minerals RHA
[this work]

RHA
[Lohsoontorn, 2002]

RHA
[Cook, 1985]

S i 0 2 9 9 .7 6 6 9 9 .6 6 8 6 . 9 0 - 9 7 . 3 0
k 2 0 0 .0 0 7 0 .0 3 0 . 5 8 - 2 . 5 0
C a O 0 .0 0 9 0 .1 9 0 . 2 0 - 1 . 5 0

A120 3 0 .0 9 9 0 . 1 0 -
F e 2 0 3 0 .0 3 2 0 . 0 2 - 0 . 5 4
P 2 O 5 0 .0 7 1 - 0 . 2 - 2 . 8 5
S 0 3 0 .0 1 6 - 0 .1  -  1 .13
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Figure 2 -8  X R F  p attern  c o r r e sp o n d in g  to  s i l ic a  e le m e n t fo u n d  in  r ic e  h u sk  ash .

2.4.5.3 Fourier Transform Infrared Spectroscopy

T h e  m a jo r  c h e m ic a l  g ro u p s c o n ta in e d  in  r ic e  h u sk  s i l ic a  w e r e  id e n tif ie d  b y  
F T IR  sp ec tra  s h o w n  in  F ig u r e  2 -9 . T h e  b road  b a n d  b e tw e e n  2 ,8 0 0  a n d  3 ,7 0 0  c m ' 1 

c o r r e sp o n d s  to  th e  s i la n o l  (S i-O H ) g ro u p s. T h e  p r e d o m in a n t sh arp  p e a k  at 1 ,1 0 0  c m ' 1 

is  d u e  to  s i lo x a n e  b o n d s  (S i-O -S i) .  T h e  sp ectru m  w h ic h  a p p e a r e d  at 8 0 0  c m ' 1 is  
c h a r a c te r is t ic  o f  S i-O -S i s tre tch in g  m o d e s  w h ile  th e  p e a k  at 4 8 0  c m ' 1 is  d u e  to  S i - 0  
b e n d in g  m o d e . T h e  p r e se n c e  o f  S i-O -S i b o n d s a s s o c ia te d  w ith  th e  S i - 0  b o n d s  are  
fo u n d  to  b e  d is t in c t iv e  p attern s attr ib u ted  to  th e  g e l  n e tw o r k  fo r m in g  m ore  
c o m p lic a te d  stru ctu res [F lan d am , 1 9 9 7 ] , T h e  c o n ta m in a n t p e a k  fo u n d  at 1 6 3 6  c m ' 1 

r e sp o n d e d  to  ca rb o n  d io x id e  d e te c tio n .
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Figure 2 -9  F T IR  sp ec tru m  o f  th e  ex tr a c ted  s ilic a .

2.5 Summary

T h e  e x tr a c t io n  o f  r ic e  h u sk  s i l ic a  w a s  carr ied  o u t b y  a c id  le a c h in g . R ic e  h u sk  
w a s  r e f lu x e d  in  5 M  H C l at 8 0  °c for  1 h. T h is  p r o m is in g  m e th o d  p r o v id e d  the  
s im p le , e f f ic ie n t  an d  c o s t - e f f e c t iv e  m eth o d  for  u p sc a le  im p le m e n ta tio n . T h e  
c h a r a c te r iza tio n  r e su lts  fro m  X R D  sp ec tru m  and  s i l ic a  c o n te n t e x a m in a tio n  p o in te d  to  
th e  h ig h  q u a lity  o f  a m o r p h o u s  s i l ic a  (m o r e  th an  99%  p u rity ) r e tr ie v e d  fro m  r ic e  h u sk  
a sh . T h is  le d  to  s u c c e s s  in  th e  u t iliz a t io n  o f  h u sk  w a s te  a s  a natural s i l ic a  so u r c e  for  
M C M -4 1  s y n th e s is  that w il l  b e  d is c u s s e d  further in  C h ap ter  III.
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