
C h a p te r  IV

R e s u l t s

4 . 1  A p p e a r a n c e  o f  T r e a t e d  R i c e  H u s k  a n d  I t s  A s h

A f t e r  t r e a t m e n t ,  r i c e  h u s k  w a s  c h a n g e d  d u e  t o  t h e  a c t i o n  o f  

c h e m i c a l s .  T h e  a p p a r e n t  c h a n g e  o f  r i c e  h u s k  a f t e r  e a c h  s t e p  c a n  g i v e  

s o m e  c l u e s  o n  t h e  e f f e c t  o f  t h e  r e s p e c t i v e  t r e a t m e n t .

T a b .  6 .  A p p e a r a n c e  o f  h u s k  g r a i n s  a f t e r  d i f f e r e n t  t r e a t m e n t

t r e a t m e n t c o l o r s e n s a t i o n  o n  t o u c h i n g

N o n e v e r y  l i g h t  b r o w n s l i g h t l y  b r i t t l e
N a O H l i g h t  b r o w n s o f t  a n d  f l e x i b l e
H C 1 d a r k  b r o w n b r i t t l e
N a O H / H C l d a r k  g r e y - b r o w n e x t r e m e l y  b r i t t l e
h 2s o 4 b r o w n i s h  b l a c k b r i t t l e
h n o 3 s a t u r a t e d  y e l l o w s l i g h t l y  b r i t t l e

E n z y m e v e r y  l i g h t  b r o w n s l i g h t l y  b r i t t l e
E n z y m e / H C l b r o w n b r i t t l e
E n z y m e  / H o  s o  /j. d a r k  b r o w n b r i t t l e
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T a b .  7 .  A p p e a r a n c e  o f  a s h  o f  t r e a t e d  h u s k

cl3  il f r o m c o l o r  &  q u a l i t y  s e n s a t i o n  o n  t o u c h i n g
t r e a t e d  h u s k o f  i n c i n e r a t i o n

N o n e p i n k  w i t h  s o m e  o r a n g e -  s t i f f  a n d  b r i t t l e  

b r o w n  g r a i n  a n d  g r e y ,  

b l a c k  g r a i n
N a O H g r e y - b l a c k  g r a i n  v e r y  f i n e  s o f t
H C 1 w h i t e  g r a i n  w i t h  v e r y  c r i s p  a n d  b r i t t l e  

f e w  b l a c k  g r a i n
N a O H / H C l w h i t e  f r a g m e n t a r y  w i t h  v e r y  f i n e  s o f t

s o m e  b l a c k  h u s k  g r a i n

p i e c e s
H 9S O 4 w h i t e  g r a i n  w i t h  v e r y  c r i s p  a n d  b r i t t l e  

f e w  b l a c k  g r a i n
H N 0 3 w h i t e  g r a i n  w i t h  s o m e  c r i s p  a n d  b r i t t l e  

b l a c k - g r e y  g r a i n

E n z y m e h o m o g e n e o u s  p i n k  g r a i n  c r i s p  a n d  b r i t t l e  

w i t h  v e r y  f e w  g r e y  p a r t
E n s y m e / H C l w h i t e  g r a i n  w i t h  v e r y  c r i s p  a n d  b r i t t l e  

f e w  b l a c k  g r a i n

E n z y m e / H o S C ^ w h i t e  g r a i n  w i t h  v e r y  c r i s p  a n d  b r i t t l e  

f e w  b l a c k  g r a i n
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F i g .  1 4 .  C o l o r  i m p r e s s i o n  o f  r i c e  h u s k  a f t e r  d i f f e r e n t  t r e a t m e n t  

( a )  N o  t r e a t m e n t ;  ( ๖ )  N a O H  t r e a t m e n t ;  ( c )  H C 1  t r e a t m e n t ;  

( d )  N a O H / H C l  t r e a t m e n t ;  ( e )  H 2S O 4 t r e a t m e n t ;  ( f )  H N O 3 

t r e a t m e n t ;  ( g )  E n z y m a t i c  t r e a t m e n t ;  ( h )  E n z y m a t i c / H C l  

t r e a t m e n t ;  ( i )  E n z y m a t i c / H o S O ^  t r e a t m e n t
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F ig . 15 . A ppearance o f  d i f f e r e n t l y  t r e a t e d  r i c e  husk ash
(a )  No tr ea tm en t; (๖ ) NaOH tr ea tm en t; ( c )  HC1 tre a tm en t;  
(d ) NaOH/HCl tr ea tm en t; ( e )  แ2รปิ4 tre a tm en t;  ( f )  HNO3 

tre a tm en t;  (g )  Enzym atic tre a tm en t;  (h ) Enzym atic/H C l 
tre a tm en t;  ( i )  E nzym atic/H 2SÜ4 trea tm en t
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4 . 2  W e i g h t  L o s s  D e t e r m i n a t i o n

T a b .  8 .  W e i g h t  l o s s  o f  r i c e  h u s k  t r e a t m e n t

trea tm en t l o s s  in  g d u r in g  trea tm en t  
o f  100 g washed husk

lo s s
o f

in  g on in c in e r a t io n  
100 g t r e a te d  husk

None - 7 7 .1
NaOH 3 0 .5 9 1 .0
HC1 3 1 .3 7 0 .6
NaOH/HCl 5 3 .0 ' 9 1 .7
h2so4 3 2 .9 7 0 .2
HNO3 3 2 .9 7 7 .0
Enzyme 7 .5 7 6 .6
Enzyme/HCl 2 9 .5 6 9 .4
Enzyme/H2 S04 2 9 .0 6 9 .6

T h e  l e a c h a n t s  o f  e a c h  t r e a t m e n t  h a d  t h e i r  s p e c i f i c  s m e l l  a n d  

c o l o r .  F o r  H C 1  a n d  H 2S O 4 t r e a t m e n t ,  t h e  l e a c h a n t s  s m e l l e d  l i k e  w o o d  

o i l ,  h a d  a  d a r k  c o l o r  a n d  a  l o t  o f  b r o w n  o r g a n i c  m a t t e r  p r e c i p i t a t e d .  

B u t  o n  H N O 3 t r e a t m e n t ,  t h e  s m e l l  w a s  w e a k e r ,  a n d  t h e  c o l o r  w a s  b r i g h t  

y e l l o w  w i t h  f e w  o f  y e l l o w  o r g a n i c  m a t t e r  p r e c i p i t a t e d .  W i t h  N a O H  

t r e a t m e n t ,  t h e  l e a c h a n t  s m e l l e d  b a d l y ,  h a d  a n  o r a n g e  c o l o r  a n d  n o  

p r e c i p i t a t e s .  F r o m  e n s y m a t i c  t r e a t m e n t ,  o n l y  a  l i t t l e  b i t  t u r b i d  

s o l u t i o n  w a s  r e c e i v e d  w i t h  a  v e r y  w e a k  s m e l l .
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F r o m  w e i g h t  l o s s  d e t e r m i n a t i o n ,  t h e  a m o u n t  o f  a s h  s a m p l e s  

a f t e r  t r e a t m e n t  a n d  i n c i n e r a t i o n  w e r e  a s s e s s e d .

T a b .  9 .  R e s t  f r o m  t r e a t m e n t  a n d  i n c i n e r a t i o n

t r e a t m e n t
r e s t  f r o m  i n i t i a l * )  

100 g  a f t e r  

t r e a t m e n t  o f  h u s k

r e s t  f r o m  i n i t i a l  100g  

a f t e r  t r e a t m e n t  a n d  

i n c i n e r a t i o n

N o n e 100.0 2 1 * * )

N a O H 6 9 . 5 6 . 4
H C 1 6 8 . 7 20.2

N a O H / H C l 4 7 . 0 3 . 9
h 2s o 4 6 7 . 1 20

h n o 3 6 7 . 1 1 5 . 4
E n z y m e 9 2 . 5 2 1 .6

E n z y m e / H Ç 1 7 0 . 5 2 1 .6

E n z y m e / H 2S C >4 7 1 . 0 2 1 .6

* )  w a s h e d  h u s k ;  l o s s  u p o n  w a s h i n g  w a s  8 . 5  %

* * )  m a y  f l u c t u a t e  b y  ±  1 ( e s t i m a t e d )

A s  s a i d  b e f o r e ,  c h e m i c a l  a n d  e n z y m a t i c  t r e a t m e n t  w e r e  u s e d  t o  

e x t r a c t  a s h  a t  h i g h  y i e l d  w i t h  l o w  a m o u n t  o f  i m p u r i t i e s  a n d  w i t h  

p r e s e r v e d  n a n o s t r u c t u r e .  U n t r e a t e d  h u s k  g i v e s  t h e  t o t a l  a m o u n t  o f  

s i l i c a  ( i n c l u d i n g  i m p u r i t i e s ) .  S o  w e  m a y  c o n c l u d e  t h a t  t h e  m a x .  y i e l d  

o f  a s h  i s  a p p r o x .  21  g /100  g .  H i e  c o l o r  o f  a s h  c a n  t e l l  q u a l i t a t i v e l y
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h o w  m u c h  o f  o r g a n i c  r e s i d u e s  a r e  l e f t .  C h e m i c a l  a n d  e n z y m a t i c  t r e a t m e n t  

d i d  n o t  o n l y  e x t r a c t  o r g a n i c  m a t t e r  b u t  a l s o  s o m e  i n o r g a n i c  m a t t e r  

( i m p u r i t i e s ,  a n d  s i l i c a ) .  T h i s  c a n  b e  k n o w n  f r o m  a s h  w e i g h t  o f  t r e a t e d  

h u s k  a f t e r  i n c i n e r a t i o n .  N a O H  a n d  N a O H / H C l  t r e a t m e n t  w a s  n o t  s u i t a b l e  

f o r  t h e  p u r p o s e ,  b e c a u s e  N a O H  r e a c t s  w i t h  s i l i c a  a n d  e x t r a c t s  m a j o r  

a m o u n t s  o f  s i l i c a .  H N O 3 t r e a t m e n t  i s  b e t t e r ,  b u t  y i e l d s  h i g h  l o s s  o f  

a s h .  B y  c o n t r a s t ,  t h e  r e m a i n i n g  k i n d s  o f  t r e a t m e n t ,  i . e . ,  w i t h  H C 1 ,  

H 2S O 4 ,  e n z y m e ,  a n d  c o m b i n a t i o n s  g a v e  a c c e p t a b l e  a s h  y i e l d s .

4 . 3  C r y s t a l l i n i t y

A l l  s a m p l e s  s h o w e d  t h e  t y p i c a l  a m o r p h o u s  h u m p  a r o u n d  2 2 ° ,  

h o w e v e r ,  n o  i n d i c a t i o n  o f  t h e  f o r m a t i o n  o f  c r i s t o b a l i t e  o r  a n y  o t h e r  

c r y s t a l l i n e  p h a s e .  B y  c o n t r a s t ,  p r e - t r e a t m e n t  w i t h  N a O H  r e s u l t e d  i n  a  

d i s t i n c t  p e a k  a t  2 9 . 5 ° .  T h e  p e a k  c a n n o t  b e  i d e n t i f i e d  w i t h o u t  d o u b t s ,  

i t  m a y  r e p r e s e n t  a  s o d i u m  s i l i c a t e  p h a s e .  T h i s  g o e s  t o g e t h e r  w i t h  t h e  

c h e m i c a l  a n a l y s i s  r e p o r t e d  i n  4 .6  s h o w i n g  t h a t  t h e  a s h  c o n t a i n s  68 % 
o f  s i l i c a  o n l y .  T r e a t m e n t  w i t h  H C 1  a f t e r  t h e  N a O H  t r e a t m e n t  y i e l d  a n  

a m o r p h o u s  m a t e r i a l  a g a i n .  A  N a O H  p r e t r e a t e d  s a m p l e  i n c i n e r a t e d  a t  

850°c, s h o w e d ,  b e s i d e  m i n o r  p e a k s ,  t h e  c h a r a c t e r i s t i c  c r i s t o b a l i t e  

p e a k  a t  2 1 . 9 ° .  T h e  r e c e i v e d  X - r a y  d i f f r a c t i o n  p a t t e r n s  a r e  s u m m a r i z e d  

i n  f i g u r e  16 ,  n e x t  p a g e .
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F ig. 16. X-ray d i f f r a c t io n  p a tte rn s  o f r ic e  husk ash p repared  from
d i f f r e n t ly  p re tre a te d  husk ash
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4 .4  Morphology

4 .4 .1  Morphology o f husk g ra in s  b e fo re , a f t e r  tre a tm e n t, and 
in c in e ra tio n  by o p t ic a l  m icroscope and SEM.
O bservation by o p t ic a l  microscope showed th a t  th e  r ic e  

husk su rface  looked lik e  a composite m a te r ia l , w hite g ra in s  d isp e rsed  
on the  yellow  organic m atrix . The w hite g ra in s  appear more c le a r ly  on 
the  brown su rface  o f tr e a te d  husk. This may lead  to  the  m isunderstand
ing th a t  the  s i l i c a  i s  m ajorly p re sen t as b ig  w hite g ra in s  depo sited  
on the o rgan ic  m atrix . But in c in e ra te d  husk s t i l l  d isp lay ed  the  same 
contours as befo re  in c in e ra tio n . I t  only tu rned  to  be tra n s lu c e n t .

The SEM micrograph s e r ie s  in  f ig u re  17 re v e a ls  a 
su rp r is in g  view. The u n tre a te d  husk (row 17 a -c ) ,  the  ch arred  husk 
(row 17 d - f ) ,  and the  com pletely in c in e ra te d  husk (row 17 g - i )  
v i r t u a l ly  have the  same appearance. I f  we co n sid er th a t  g - i  co n ta in s  
> 99 % s i l i c a ,  then only one conclusion  i s  p o s s ib le : The e n t i r e
epiderm is o f a l l  samples c o n s is ts  o f s i l i c a .



58

a. ๖. c .

d. e . f .

Fig. 17. SEM m icrographs o f uncombusted ( a - c ) ,  p re -c h a rre d  ( d - f ) ,  and
comp Itî t e ly in c in e ra te d  (g - i
a , d, ระ 1-------------1 200 jam
b, e, h: 1------- 1 50 นแท
c, f , i :  h------ 1 10 p m

r ic e  husk g ra in s ;
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A more d i r e c t  p roof o f th i s  f in d in g  i s  t r i e d  by-
in v e s tig a t in g  c ro ss  s e c tio n s . R esu lts  a re  shown in  f ig u re  18 a -c .
These m icrographs a lso  give a c lue  to  what happens w ith  the  o rgan ic
m atte r during  trea tm en t. Again, the  epiderm is i s  no t a l te r e d  a t  a l l .
U nfo rtun ate ly , our SEM d id  not allow  a mapping o f Si a t  th a t  tim e.
However, we may c o n su lt a s im ila r  r e s u l t  by Nakata e t  a l . ,  1989,
f ig u re  19. The s e r ie s  in  f ig u re  17, 18, and 19 provided a s o l id  p roof
th a t  the e n t i r e  epiderm is indeed c o n s is ts  o f s i l i c a .

*
The SEM m icrographs in  f ig u re  18 a. showed the  p a r ts  o f 

p la n t t i s s u e  in  the in ner p a r t  o f n o n -tre a te d  r ic e  husk. The xylem and 
phloem v e s s e ls  a re  c le a r ly  v i s ib l e .  A fte r the " so ft"  a c tio n  o f enzyme, 
f ig u re  18 b . , t h e  p la n t t i s s u e  was s t i l l  th e re . I t  can be concluded th a t  
the  enzyme only shortened  the po lysaccharide  chains (see 2 .4 ) in  s i t u  
w ithout d is so lv in g  the  glucose p roduct. This r e s u l te d  in  low weight 
lo ss  on enzymatic tre a tm e n t. Acid trea tm en t v i s ib ly  e x tra c te d  o rgan ic  
m atte r from the  in ner o f r ic e  husk. The f in d in g s  a re  com patible w ith  
those  o f Nakata e t  a l .  (1989) and a lso  Sharma e t  a l .  (1984) showing by 
d i f f e r e n t  means th a t  s i l i c a  i s  d ep o sited  densely  on the  o u te r  and 
in ner epiderm is o f the in d iv id u a l g ra in s .
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Fig. 18. C ro ss-sec tio n  o f a r ic e  husk g ra in  from a) No tre a tm e n t, 
๖) Enzymatic tre a tm e n t, and c) Acid trea tm en t 1------- 1 2 0 /un

Fig. 19. X-ray mapping (S i) o f a s im ila r  sample (Nakata e t  a l . ,  1989) 
1----------- 1 2 0 /un
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4 .4 .2  Morphology o f husk ash powder by TEM and SEM
Rice husk ash powder was d isp e rsed  and p a r t i c le s  o f 

husk ash were shown in  d e ta i l  in  TEM and SEM m icrographs.
From TEM m icrographs, next page, r ic e  husk ash 

p a r t ic le s  showed both g lo b u la r  and f r a c ta l  agglom erates, by i t s  own 
n a tu re . But NaOH tre a te d  husk ash showed Ostwald rip e n in g  type neck 
growth as th e  trea tm en t o f th i s  kind o f husk occured in  so lu tio n  
a t  pH > 10, i . e . ,  in  the  range o f high s i l i c a  s o lu b i l i t y .
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Fig. 20. TEM m icrographs from r ic e  husk ash , No p re -tre a tm e n t ( a - c ) ,  
and NaOH p re -tre a tm e n t ( d - f ) ;

I-----1 a , d: 330 nm; b, e; 100 nm; c , f i  30 nm
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As shown on SEM m icrographs, r ic e  husk ash has the
p o te n t ia l  to  become a sub-m icron s is e  powder.
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4 .5  P a r t ic le  S ise  D is tr ib u tio n  and P a r t ic le  Size Estim ation.

When the  p a r t ic le  s is e  d i s t r ib u t io n  o f an amorphous s i l i c a  i s  
communicated, i t  i s  im portant to  c le a r ly  r e f e r  to  a s p e c if ic  le v e l o f 
agglom eration . I t  i s  g e n e ra lly  accepted  to  r e f e r  to  th ese  le v e ls  as 
prim ary p a r t ic le s  (the  u ltim a te  le v e l o f  agglom eration o f [ s ic ^ l  u n i ts ,  
ty p ic a l ly  s iz e d  < 1 to  a few nm); secondary p a r t i c le s  (u su a lly  h ig h - 
coo rd in a te  agglom erates o f p rim arie s ; s iz e  depends on pH and 
s o lu b i l i t y  and may vary  from 5 to  100 nm); h ig h e r agglom erates, i . e . ,  
agglom erates formed by th e  seco n d aries , e tc .  For a given m a te r ia l , no t 
a l l  le v e ls  o f agglom eration a re  n e c e s s a r ily  found.

4 .5 .1  P a r t ic le  s iz e  d i s t r ib u t io n  on TEM and SEM m icrographs 
The p a r t i c le  s iz e  o f secondary p a r t i c le s  was measured 

on u n tre a te d  husk ash f i r s t  to  c h a ra c te r is e  th e  p a r t i c le  s iz e  
d i s t r ib u t io n  provided by n a tu re . The ev a lu a tio n  o f TEM m icrographs 
considered  a t  le a s t  300 in d iv id u a l p a r t i c l e s .  The r e s u l t  i s  shown in  
f ig u re  22 (nex t page).

The d iam eters fo r  16, 50, and 84 % abundance, d^g, dgn, 
and dg4 , from in te g ra l  d i s t r ib u t io n  curve a re :

dpg = 18 nm
dgQ = 26 nm
dg4 = 37 nm

As dgg2 ~ dpg-dg4 , the  d i s t r ib u t io n  o f the  p a r t i c le s  i s  supposed to  
be a lo g arith m ic  normal d i s t r ib u t io n  ( a f t e r  DIN 66144) which i t  
a c tu a l ly  proves to  be (see f ig u re  24). The s tan d ard  d e v ia tio n , ร, o f 
th e  d i s t r ib u t io n  i s  ร  -  ( 1/2) - ln (d g 4/dj_g)

-  0.36
which i s  a narrow d is t r ib u t io n .
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Fig. 22 a -b . P a r t ic le  s iz e  d i s t r ib u t io n  fo r  th e  secondary p a r t ic le s  
in  s i l i c a  from u n tre a te d  husk ash; % abundance 
a: d i f f e r e n t i a l  b: in te g ra l
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Fig. 23 a -b . P a r t ic le  s is e  d i s t r ib u t io n  fo r the t e r t i a r y  agglom erates 
in  s i l i c a  from NaOH/HCl p re - t re a te d  husk ash;
% abundance ; a : d i f f e r e n t i a l  b: in te g ra l
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For the  p a r t i c le  s iz e  d i s t r ib u t io n  o f t e r t i a r y  and 
h ig h e r agglom erates, NaOH/HCl t r e a te d  husk ash was s e le c te d , as i t  was 
found th a t  the  appearance o f p a r t ic le s  on SEM m icrographs depended 
s tro n g ly  on sample p re p a ra tio n  fo r  SEM. The appearance o f 
agglom erates in  the husk ash powder i s  not c o r re la te d  to  the  s p e c if ic  
su rface  a rea  (No).

For the ev a lu a tio n  o f more than 300 in d iv id u a l
p a r t i c le s ,

d i g  =  0 . 3  jLim

dgg ะ 0 .4  jum 
d84 = 0 .6  ^

and ร ะ  0.35 ( a f t e r  DIN 66144 )
which a lso  show very  narrow sub-m icron s ize d  d i s t r ib u t io n  .

4 .5 .2  Comparison o f p a r t i c le  s iz e  d i s t r ib u t io n  from TEM and 
SEM m icrographs to  l ig h t  s c a t te r in g  and sed im en ta tion  
d a ta .
One o f the in te r e s t in g  sam ples, w ith  high s p e c if ic  

su rface  a rea  and p u r i ty ,  i . e . ,  enzymatic/HCl t r e a te d  husk ash , was 
s e le c te d  to  ev a lu a te  the s iz e  d i s t r ib u t io n  o f the s t i l l  h ig h e r le v e ls  
o f agglom eration . The s iz e  d i s t r ib u t io n  o f th ese  h ig h e r o rder 
agglom erates follow ed a power law w ith  dmax ะ 31 /น่ท and m ะ 0 .7 ; 
( a f t e r  DIN 66144)
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Fig. 24. P a r t ic le  s i s e  d i s t r ib u t io n  o f s i l i c a  p a r t i c le s  p resen ted  in  
the  log-norm al g r id  a f t e r  DIN 66144; curve A: secondary 
p a r t i c le s ,  No p re -tre a tm e n t; curve B: t e r t i a r y  p a r t i c le s ,  
HC1 p re -tre a tm e n t (o ) , and NaOH/HCl p re -tre a tm e n t (+); 
curve C: h ig h e r agglom erates, Ensymatic/HCl p re -tre a tm e n t; 
s t r a ig h t  l in e s  a re  a guide to  the  eye.
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S p ec ific  su rfa ce s  can be c a lc u la te d  from the s is e  
d is t r ib u t io n s  o f powders provided th a t  the  considered  p a r t ic le s  a re  
dense. The s p e c if ic  su rface  a rea  r  i s  g iven by

r = [ 6 / ( p - d 50)l - exp ( ร 2 / 2 )  

fo r  the  log-norm al d i s t r ib u t io n  and
r = 6m/(p dmax)

fo r  the power law d i s t r ib u t io n ;  p = 2 . 2  g / c s f i .  This y ie ld s  112, 7 .2 , 
and 0.06 m“/g  fo r  the  secondary p a r t i c l e s ,  t e r t i a r y  p a r t i c l e s ,  and 
h igher agglom erates, re s p e c tiv e ly , (see f ig u re  24. A, B, and c cu rv e). 
The e s tim a te  c le a r ly  dem onstrates th a t  p a r t ic le s  la rg e r  than the 
secondaries have l i t t l e  o r no in flu en ce  on th e  r e s u l t in g  s p e c if ic  
su rface  a rea .

4 .5 .3  P a r t ic le  s i s e  e s tim a tio n
From S c h e re r 's  form ula, the  estim ated  p a r t i c le  y ie ld s  

do (prim ary p a r t i c le  s iz e )  = 2 . 4  nm. Table 10 shows the e s tim a tio n
of t r e a te d  hush ash.
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Tab. 10. P a r t ic le  s iz e  e s tim a tio n  from XRD lin e  broadening

treatm en t d(3 in  nm

None 2.4
HC1 2.4
h2so4 2 .3
NaOH 2.7
NaOH/HCl 2 .7
HN03 2.5
Enzymatic 2.5
Enzymatic/HCl 2 .5
Enzymat i c / H n S04 2.3

An estim ate  o f the  s p e c if ic  su rface  a rea  based on the  
prim ary p a r t ic le s  y ie ld s  r  > 1000 ท ^ / ร .  The f in d in g  th a t  the 
s p e c if ic  su rface  a rea  a c tu a l ly  found i s  200 to  250 m“/g  ( i . e . ,  n e i th e r  
the value o f the p rim arie s  nor o f the  se c o n d a rie s ) , needs to  be
d iscu ssed .
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4 .6  Chemical A nalysis

Ash samples w e r e  analysed fo r  the amount o f s i l i c a  and 
potassium  ion . The r e s u l t s  a re  summarised in  ta b le  11.

Tab. 11. A n a ly tic a l r e s u l t s on r i'06  iTtisk. cLoii

trea tm en t s i l i c a in  w t. % K2O ( ppm)

None 96.3 ± 0.6 7338
NaOH 68.3 ± 0.2 na
HC1 99.37 ± 0.15 1375
H0SO4 98.99 ± 0.07 530
HNO3 98.0 ± 0 .4 1900
Enzymatic 96.87 ± 0.15

96.84 ± 0.04
Enzymatic/HCl 99.58 ± 0.13

99.48 ± 0 .1 1

Ensymatic/HnSOi 99.56 ± 0.06
99.36 ± 0.08

na -  no t analysed

' t  y —. ... . yy, ^ -J-. ... .-7 . .  4> n î  1 ทุ่ y. A t -̂. -J 4 • r บ ุ'  oc:t7 m ore U S t d l i  i l l  A p p en d ix  น
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4 .7  S p e c ific  Surface Area

The d e te rm in a tio n  of the s p e c if ic  su rface  a rea  o f t r e a te d  r ic e  
husk ash samples was performed w ith the  one-po in t aream eter described  
in  3 .2 .2 .7 .  Only t o t a l  s p e c if ic  su rface  a re a  (N2 ) bu t no pore s is e  
d i s t r ib u t io n  could be determ ined. A measuring se ss io n  c o n s is ts  o f the 
fo llow ing  s te p s ;

-  volume c a l ib ra t io n ,
-  i n i t i a l  s tand ard  a c q u is i t io n ,
-  measurements,
-  f in a l  stand ard  a c q u is i t io n .

By th i s  procedure, the t o t a l  time demand is  approx. 4 h . From the  
above measurement, the  fo lllo w in g  conclusions can be drawn: System atic 
b ia s  a g a in s t the  s tan d ard , i . e . ,  accuracy; s t a b i l i t y  o f the  equipment 
a g a in s t sy stem atic  d r i f t  w ith  tim e. By rep ea ted  measurements, the 
s t a t i s t i c a l  e r ro r  o r p re c is io n  was determ ined. Table 12 p re se n ts  the  
r e s u l t s  fo r  th e  s p e c if ic  su rface  a rea  o f d i f f e r e n t  modes o f trea tm en t. 
The va lu es a re  c o rre c te d  fo r  sy stem atic  b ia s ;  the b ia s  i t s e l f  i s  given 
in  p a ren th e ses . For example, (-10) means: The value  o r ig in a l ly
measured was 10 m^/g too low. In most cases , r e p e a ta b i l i ty  ( i . e . ,  
p re c is io n )  was b e t t e r  than  ±3 m“/g .
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Tab. 12. S p e c ific  su rface  a rea  (BET) o f t r e a te d  husk ash

treatm en t BET su rface  (m-/g)

None 107 (0 )
NaOH 60 (0 )
HC1 999 (-3 )
HC1*) 253 (-15)
HCl**) 153 (-9 )
HC1 (2 h - in c in e ra tio n ) 255 (-15)
HC1 (4 h - in c in e ra tio n ) 260 (-15)
HC1 (3 h - in c in e ra tio n ) 247 (+8 )
HC1 (700°C; 6 h) 9^9 (+7)
NaOH/HCl 86 (0 )
H0SO4 217 (-14)
1 liMvJg 250 (0 )
Enzymatic 223 (-3 )
Enzymatic/HCl 231 (-15)
Ensymat i  C/H2 SO4 254 (-16)

Measured w ith in  one week a f t e r  in c in e ra tio n
Wettened ash , then dry a t  110°c overn ig h t befo re  measurement
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