
C h a p te r  I

In tro d u c tio n

1.1 M otivation , O b jec tiv e , and Scope

Thailand expo rts  la rg e  amounts o f r ic e ;  in  f a c t ,  the  country- 
ranks no. 5 in  world p rodu ction . As a by-product o r waste from r ic e  
m ill in g , m illio n s  o f to n  o f husk occur. U n til now, some husk i s  used 
as fu e l ,  in  b r ic k  making, e tc .  A s u b s ta n t ia l  share  i s  exported  in  the  
form of low-grade b lack  husk ash , as shown in  ta b le  1.

Tab. 1. Husk ash export f ig u re s  (1988-1990)

country volume o f 
export in  ton

export value 
in  Mio. Baht

average p r ic e  
in  Baht per ton

1983:
Belgium 37.5 0.160 4267
Germany 6463.6 19.069 2950
Hong Kong 112.0 0.303 2705
Japan 1134.1 3.754 3310
N etherlands 2719.2 6.793 2498
Saudi Arabia 110.9 0.723 6519
Spain 72.0 0.184 2556

T o tal 10649.3 30.986 2910



country volume of export value average p r ic e  
in  Baht per tonexport in  ton  in  Mio. Baht

1222:
Belgium 1608.4 6.518 4052
France 53.0 0.273 5151
Germany 11168.8 34.790 3115
Hong Kong 23.3 0.076 3262 .
Japan 1932.5 6.839 3539
N etherlands 721.3 3.255 4513
Saudi A rabia 105.3 0.523 4967
South Korea 223.9 1.179 5266

T o ta l 14228.1 53.453 3757

1222:
France 100.1 0.515 5145
Germany 9919.7 33.424 3369
Japan 1550.2 6.417 4139
N etherlands 1392.0 4.342 3119
Saudi A rabia 432.0 1.576 3648
South Korea 1517.6 7.898 5204
U.A.E. 230.4 0.862 3741

T o ta l 15142.0 55.033 3634

From: Trade L ib ra ry , Department of Export Promotion
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U n til now th e re  i s  abundance o f waste husk not u t i l i z e d  in  the 
country . The volume o f low-grade husk ash export i s  in c rea s in g  w ith  
tim e. This means we w il l  g e t more money from exp o rtin g  more cheap r ic e  
husk ash . But a t  the  same tim e, con sid e rab le  amounts o f amorphous 
s i l i c a  powder a re  imported from abroad. I t  i s  g e n e ra lly  known th a t  i t  
i s  p o ss ib le  to  e x tra c t  amorphous s i l i c a  from r ic e  husk. But due to  
c e r ta in  problem s, e x tra c tin g  amorphous s i l i c a  has f a i le d  to  win the 
in te r e s t  o f in d u stry  so f a r .  The o b je c tiv e  o f th i s  th e s is  i s  to  show 
th a t  e x tra c tin g  h igh grade s i l i c a  from r ic e  husk i s  p o ss ib le  by a 
n o n -so p h is tic a te d  technology. S i l ic a  from r ic e  husk has e x c e lle n t 
p ro p e r t ie s , i . e . ,  high p u r i ty ,  h igh s p e c if ic  su rface  a re a , and f in e  
c o l lo id a l  s t ru c tu re .

1.2 L ite ra tu re  Survey

1 .2 .1  U t i l i s a t io n  o f r ic e  husk
Much resea rch  work was c i te d  on the u t i l i s a t i o n  o f r ic e  

husk as i t  i s  an abundant a g r ic u l tu ra l  waste (Govindarao, 1980). Some 
study about r ic e  husk was even s ta r te d  in  the previous cen tu ry . The 
scope o f re sea rch  about u t i l i s a t i o n  o f r ic e  husk i s  very wide. Rice 
husk i s  used as fu e l, animal feed , f e r t i l i s e r ,  fo r  the  p rodu ction  o f 
organic  chem ical p rodu cts , o f a c t iv a te d  carbon p rodu ction , e tc .  But 
only few a p p lic a tio n s  were e s ta b lish e d  on a la rg e  s c a le , such as 
u t i l i s a t i o n  as fu e l or f e r t i l i s e r .

During the l a s t  decades, many re se a rc h e rs  co n cen tra ted  
on m a te r ia ls  sc ience  a sp e c ts . Several papers were pub lished  about r ic e  
husk as a source o f s i l i c a  compound, fo r  p re p a ra tio n  o f new m a te r ia ls .  
They were based on the  s p e c if ic  p ro p e r tie s  o f r ic e  husk ash , i . e . ,
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very  f in e  s tru c tu re  and high r e a c t iv i ty .  James and Rao (1986; 1 ,3 ) 
s tu d ie d  about s i l i c a  in  r ic e  husk and concluded th a t  the p h y sica l 
c h a r a c te r i s t ic s  and the chem ical r e a c t iv i ty  o f s i l i c a  in  r ic e  husk ash 
depends on tem perature and soaking tim e. In  an X-ray d i f f r a c t io n  
p a t te rn ,  husk ash showed a broad "amorphous" peak around 22 .2° and 
c r y s ta l l i z a t io n  could not be d e te c ted  below 7 0 0 ° c .  S p e c ific  su rface  
a rea  o f  ac id -leach ed  s i l i c a  was 195 m -/g. For very  long soaking tim e, 
th e  t o t a l  pore volume w ith  pore rad iu s  < 10 nm decreased , a lthough no 
c r y s ta l l i z a t io n  e f f e c ts  were d e te c ted  y e t. o th e r  pub lished  re sea rch  
work by the  same au tho rs in  the  same year a lso  described  the  re a c tio n  
o f s i l i c a  in  r ic e  husk ash w ith  lime to  be used as lime r ic e  husk 
ash cem ent.

For new m a te r ia ls  p re p a ra tio n  from r ic e  husk, the  
p re p a ra tio n  o f s i l ic o n  carb ide  was rep o rted  (Sharma, W illiam s, and 
Z angvil, 1984; Lee and C u tle r , 1975) and s i l ic o n  n i t r id e  (Rahman .and 
R iley , 1989). The high p r ic e  o f these  m a te ria l m otivated the use of 
r ic e  husk as an inexpensive s t a r t in g  m a te r ia l.

As a h igh-technology  m a te r ia l , s i l ic o n  w ith  s o la r  c e l l  
grade p u r i ty  was prepared (Amick, M ilewski, and W right, 1980; Amick, 
1982; B anerjee, Sen, and Acharya, 1982; Bose, Govindacharyulu, and 
B anerjee, 1982; Hunt e t  a l . ,  1984). The work i s  based on the  f a c t  th a t  
r ic e  husk can be p u r if ie d  from c a t io n ic  im p u ritie s  a t  comparably low 
e f f o r t .

The c e n te r  o f in te r e s t  fo r  the  p re sen t th e s i s  i s  the  
p re p a ra tio n  o f high p u r i ty  amorphous s i l i c a  (C hakraverty , M ishra, and 
B anerjee, 1988).
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1 .2 .2  Composition o f r ic e  husk
The com position o f r ic e  .husk depends on a g r ic u l tu ra l  

methods, on geograph ical and m eteo ro log ica l f a c to r s . Reported d a ta  may 
a lso  be in fluen ced  by sample p re p a ra tio n , and method o f a n a ly s is .  
The major components a re  p resen ted  in  the ta b le  below 
a f t e r  (Sharma e t  a l . ,  1984).

Tab. 2. Main organic  and in o rg an ic  components in  r ic e  husk

component ty p ic a l  range

ash con ten t 13-29 %
c e llu lo s e CO

l ig n in 19-47 %
su gar* ) 17-26 %

*) D -xylose, L -arab ino se , m ethlyglucoronic ac id  
and D -galactose

Rice husk a lso  co n ta in s  a l i t t l e  p ro te in , m oistu re , and 
very  sm all amounts o f v itam in s .

The most o u ts tan d in g  p ro p erty  of r ic e  husk ash i s  i t s  
very  h igh amount o f s i l i c a  (> 90 % SiC>2 ). The fo llow ing  ta b le  shows 
the chem ical com position o f d i f f e r e n t  types o f p la n t ash.

ห»ทมุหกทแ สทาบไททยบrกาา 
»หาทงก1ท1มทาาทยาท'ย
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Tab. 3. Ash com position o f d i f f e r e n t  wood ashes in  comparison to  r ic e  
husk ash (M atthes, 1990)

p la n t Si02 P2°5 MgO CaO Na20 KoO Clo

beech wood 5 6 10 50 ร 20
b irc h  wood 12 8 14 30 9 23
oak bark 3 3 8 57 2 26
pine wood 10 9 6 25 9 27
spruce wood[ 2 4 6 30 6 7 43
r ic e  husk 96 - 1- 1.5 J L 1. 5 -1

The e x te n t o f contam ination of husk w ith b ran , which
e v id e n tly depends upon the technique used fo r  m ill in g  o f paddy, may
a lso  c o n tr ib u te  to  the  d iffe re n c e s  in  com position. Some s p e c if ic  
im p u ritie s  may depend on the  o r ig in  o f the r ic e  as w ell as on the 
ap p lied  f e r t i l i s e r .  The fo llow ing  va lues a re  found according to  
d i f f e r e n t  sources (Amick, 1982; Hunt e t  a l . ,  1984).

Some im p u ritie s , fo r  example, the A1 and Fe co n ten ts  
s ig n i f ic a n t ly  vary when s o i l  dust i s  washed away befo re  the  a n a ly s is .



7

Tab. 4. Im p u ritie s  le v e ls  (ppm) in  r ic e  husks o f d i f f e r e n t  o r ig in

c a tio n USAI USA2 US A3 Japan M alaysia

A1 200 - 200 - -

Mn 1500 500 500 200 200
Fe 900 - - - -

Na 400 - - - -

K - 4000 2000 8000 1200
Mg 3000 900 600 200 300
Ca 4000 1000 1000 1000 1000

1 .2 .3  Chemical trea tm en t o f r ic e  husk
Although r ic e  husk ash con ta in s s i l i c a  in  amorphous 

form, c r y s t a l l i s a t io n  can occur q u ite  e a s i ly  during  h ea t trea tm en t due 
to  c a t io n ic  im p u ritie s  a c tin g  as m in e ra liz e rs . Some re p o r ts  (Xu e t  a l . ,
n . d . ; Nakata e t  a l . ,  1989) in d ic a te d  th a t  e u te c t ic  compounds o f 
im p u ritie s  and s i l i c a  ev en tu a lly  formed and g lazed the in n er su rfa c e , 
th us hampering the  fu r th e r  access of oxygen o r re le a se  o f v o l a t i l e s .  
I t  was a lso  rep o rted  th a t  adhering s o i l  dust can a c t as m in e ra liz e r . 
So, washing and im purity  e x tra c tio n  by chem ical means a re  a b so lu te ly  
needed when an amorphous s i l i c a  i s  the ta r g e t .  Many re se a rc h e rs  
p re fe r re d  im purity  e x tra c tio n  by ac id  leach ing . For in s ta n c e , 1:1 and 
1:3 o f HCI/H2O (Hunt e t  a l . ,  1984; Amick, 1982). At too low 
c o n c e n tra tio n  and tem perature o f re a c tio n  (1:10 HC1, 50°c, 5 h a f t e r
Hunt e t  a l . ,  1984) the  e f f e c t  fo r  p u r i f ic a t io n  i s  reduced. S i l ic a
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co n ten t o f u n tre a te d  and ac id  t r e a te d  husk ash a re  d i s t i n c t ly  
d i f f e r e n t .  Acid leached husk ash can be upgraded to  s i l i c a
co n ten ts  -  99 %. U nfo rtun ate ly , one o f the most im portant param eters 
fo r  leach in g , i . e . ,  th e  r a t io  h u sk /ac id  was never rep o rted  in  the  
p rev ious papers . To summarize: e x tra c tio n  o f im p u ritie s  does no t only 
improve the  p u r i ty  ( s i l i c a  con ten t in  ash) bu t a lso  reduces the danger 
o f c r y s ta l l i z a t i o n  and p reserves the  n an o stru c tu re  o f s i l i c a  in  r ic e  
husk .

1 .2 .4  Combustion o f r ic e  husk
The combustion o f r ic e  husk has been in v e s tig a te d  by 

d i f f e r e n t i a l  therm al a n a ly s is  (DTA) and therm ogravim etry /  d i f f e r e n t i a l  
therm o-gravim etry (TG-DTG). Figure 1 i l l u s t r a t e s  the re a c tio n  peak a t  
around 330°c and 425°C; the re a c tio n  i s  completed a t  -  650°c. 
Compared w ith  TG-DTG f ig u re  2, weight o f r ic e  husk remains co n stan t 
a f t e r  600°c. C ellu lo se  m a te r ia l can be broken down therm ally  by two 
mechanisms a) dehydration  follow ed by c h a rrin g  and b) depolym eriza­
t io n  and v o l a t i l i s a t io n  o f hydrocarbons. From ash c o lo r (C hakraverty 
e t  a l . ,  1988) i t  was found th a t  the low est in c in e ra tio n  tem perature to  
ge t w hite ash i s  500°c (5 h ) ; a t  700°c, only 1.5 h a re  req u ired .
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Fig. 1. DTA graph fo r  the  combustion o f r ic e  husk in  a i r ,  a f t e r
Ibrahim , Kabish, and Kamal, 1987
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T G - D T G  C U R V E

Fig. 2. TG-DTG graph fo r  the combustion o f r ic e  husk in  a i r  and in  N2 
atm osphere, a f t e r  James and Rao, 1986, 3



1 1

With too  h igh  tem perature and too low soaking tim e, 
c r y s ta l l i z a t io n  occurs a f t e r  a c o llap se  o f pore s iz e  sm alle r than 
10 nm. To p reserved  amorphous n a n o s tru c tu re , 600°c -  650°c a t  le s s  
than  10 h were recommended. This tem perature range i s  very  low fo r 
combustion o f o rganic  m a tte r , bu t th i s  i s  the h ig h e st tem perature to  
p reserve  th e  n a tu ra l p ro p e r t ie s  o f r ic e  husk ash . This re q u ire s  
fu r th e r  in v e s tig a t io n .

A study p re se n tly  performed e la b o ra te s  the m atte r: For 
a su cc essfu l trea tm en t o f r ic e  husk, only a narrow T "window" is  
a v a i la b le . Complete in c in e ra tio n  under favourab le  co n d itio n  re q u ire s  a 
minimum T of com bustion. Charred m a te r ia l , and carbon b lack  re q u ire  
d i s t i n c t ly  h ig h e r T fo r  in c in e ra tio n . This may even req u ire  
tem peratures where -  the  pore n an o s tru c tu re  s t a r t s  to  c o lla p se ,

-  g ra in  agglom eration becomes t i g h te r ,
-  n u c lé a tio n  s t a r t s  (which does not lead  to  

d e te c ta b le  amounts o f c r y s ta l l in e  m a tte r , but 
makes the m a te r ia l prone to  c r y s t a l l i s a t io n ) ,

-  c r y s ta l l i z a t i o n  s t a r t s .
T herefo re , the  p o ss ib le  low est tem perature  was envisaged.
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