
D isc u ss io n

5.1  The R e la tio n  Between P a r t ic le  S ize and S p e c ific  Surface Area of 
Ash

G enerally , fo r  a powder m a te r ia l , p a r t i c le  s i s e  i s  th e  key 
param eter to  determ ine the  su rface  a re a . In r ic e  husk ash , the  
geom etric su rface  a re a , f ,  brought about by the secondaries can be 
c a lc u la te d  from th e i r  d e n s ity  (p = 2.2  g/cm^) and s iz e  d i s t r ib u t io n  by 

T = [ 6/ ( p - d 50)] -exp(ร2 /2)
y ie ld in g  112 m^/g. This i s  the  approximate value  o f n o n -tre a te d
sam ples, w hile the h ig h e s t s p e c if ic  su rface  a re a  (N2 ) reaches
more th an  200 ffl“/ g . To compare th i s  m a te r ia l w ith  two ty pes o f 
commercial p rodu cts: p r e c ip i ta te d  s i l i c a  reaches r  up to  800 mVg
w ith  g lo b u la r  agglom erates, and fumed s i l i c a  i s  in  the  range o f 
50 -  350 m“/g  w ith  f r a c ta l  s t ru c tu re .  I t  i s  assumed th a t  the  s iz e  o f 
the secondaries  o f r ic e  husk ash does no t become f in e r  du rin g  an 
ac id  trea tm en t (see f ig u re  ร ). Hence, curve A in  f ig u re  24 i s  
considered  ty p ic a l  o f a l l  in v e s tig a te d  sam ples. TEM m icrograph 
( f ig u re  25 a ) shows the  tendency to  form both  g lo b u la r ly  agglom erated 
and f r a c t a l  s t ru c tu re .  So, s i l i c a  from r ic e  husk ash tak es  an 
in te rm ed ia te  p o s itio n  between the two types o f commercial p ro d u c ts . 
The s ig n i f i c a n t ly  h ig h e r BET su rface  o f p ro p e rly  t r e a te d  samples 
(su rfac e  enlargem ent f a c to r  2 ) i s  a t t r ib u te d  to  th e  prim ary s t ru c tu re  
not re so lv ed  by TEM. The su rface  enlargem ent fa c to r  in d ic a te s  th a t  the
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p rim arie s  have q u ite  h igh c o o rd in a tio n  numbers, s in ce  o therw ise  a 
s ig n i f ic a n t ly  h igher fa c to r  would r e s u l t .  Treatm ent determ ines how 
much of the  prim ary s t ru c tu re  i s  s t i l l  accessab le  to  n itro g e n  a f t e r  
in c in e ra tio n .

5 .2  Comparative P ro p e rtie s  Between S i l ic a  from Rice Husk Ash and 
Commercial S i l ic a  (Fumed S i l ic a  A ero sil 0X50)

In th i s  th e s i s ,  amorphous fumed s i l i c a  a e r o s i l  0X50 from 
Degussa was se le c te d  to  be compared w ith  r ic e  husk ash based on the 
same range o f p a r t i c le  s is e  d i s t r ib u t io n  o f both m a te r ia l . The genera l 
p ro p e r t ie s , p u r i ty ,  p a r t i c le  s iz e  d i s t r ib u t io n  and p a r t i c le  s i s e ,  
su rface  a re a , and n a tu re  o f agglom erate were compared, as shown h e re .

Tab. 13. Comparison d a ta  between s i l i c a  from r ic e  husk ash and a e r o s i l  
0X50

P roperty Rice husk ash A ero sil 0X50

p u r ity  (% SiOo) > 9 9 .4 > 99.8
dg, p a r t i c le  s i s e , prim ary; 2 .4  nm 40 nm

secondary 26 nm -
su rface  a rea > 200 m2/g 50±15 m2/g
n a tu re  o f agglom erate between g lo b u la r f r a c t a l

and f r a c ta l  agglom erate
agglom erate

s u r fa c e  b eh a v io r h y d ro p h i l ic h y d ro p h i l ic
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Fig. 25 a-b TEM m icrographs o f r ic e  husk ash and a e r o s i l  0X50 
a: r ic e  husk ash; b: a e r o s i l  0X50 

I-----------1 - a: 330 nm; b: 500 nm
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Fig. 26 a-b  SEM m icrographs o f 
a: r ic e  husk ash;

r ic e  husk ash and a e r o s i l  0X50 
๖: a e ro s i l  0X50

1— I 1 I-™
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husk ash can be prepared w ith  a sub-m icron agglom erates, bu t i t  has 
no t so good d isp e rs io n  p ro p e r t ie s . In the TEM m icrographs,
a e r o s i l  0X50 looks l ik e  s o lid  spheres w ith  a high degree o f f r a c ta l  
agglom eration , w hile r ic e  husk ash has i r r e g u la r  p a r t ic le s  looking 
l ik e  porous sm all g ra in s . Although commercial s i l i c a  ( a e r o s i l  0X50) i s  
an e a s i ly  d ispensab le  m a te r ia l , i t  has a lower s p e c if ic  su rface  a re a . 
This means th a t  the  s tru c tu re  o f a e ro s i l  0X50 as shown by TEM is  the 
prim ary s tru c tu re  a lread y , w hile fo r  r ic e  husk ash , th e re  i s  s t i l l  a 
lower le v e l o f s t ru c tu ra l  u n i ts  which cannot be d isso lv ed  by our TEM. 
To summarized: Due to  i t s  e x c e lle n t d isp e rs io n  p ro p e r t ie s ,
a e r o s i l  0X50 is  the su p erio r q u a li ty . But r ic e  husk ash i s  not too fa r  
from reach ing  an accep tab le  s tand ard .

5 .3  Problem and Next Steps

In the  fo llow ing , some rem aining problems and th e i r  p o te n t ia l  
so lu tio n  are  sketched.

During r ic e  husk trea tm en t, la rg e  amounts o f w ater and m inera l 
a c id  were used. This b rin g s up the problem o f waste w ater tre a tm e n t, 
which i s  a b so lu te ly  req u ired  i f  any u p -sc a lin g  i s  envisaged . A 
p o te n t ia l  and p a r t i a l  so lu tio n  i s  the improvement o f enzymatic 
tre a tm e n t, which re q u ire s  pH ~ 4 only . Besides th i s ,  the  le a c h a te s  
c o n ta in  va luab le  substances such as l ig n in  which can be made a v a ila b le  
fo r  fu r th e r  u t i l i s a t i o n .  A co -o p era tiv e  e f f o r t  between m a te r ia l 
s c i e n t i s t s ,  chem ists, m ic ro b io lo g is ts , and chem ical te c h n o lo g is ts

The SEM m icrographs show t h a t  a e r o s i l  0X50 h as  e x c e l le n t
d is p e r s io n  p r o p e r t i e s  (sam ple p re p a ra t io n  o f  b o th  m a te r ia l  on SEM and
TEM a re  th e  same) w ith  agg lom erate  s i s e  low er th a n  0 .5  jum. R ice
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would be the  ap p ro p ria te  answer to  e s ta b l is h  s u ite d  rec y c lin g
prO CS8S6S.

Although the  s i l i c a  product has a lread y  e x c e lle n t p ro p e r tie s  
as f a r  as p u r i ty ,  s p e c if ic  su rfa c e , and n an o stru c tu re  a re  concerned, 
the  d isp e rs io n  o f the agglom erates i s  s t i l l  u n s a t is fa c to ry . This 
re q u ire s  a s tro n g  focus on the pow der-technological s id e  o f the 
problem. There a re  no p r in c ip le  o b jec tio n s  towards reach ing  a product 
w ith  agglom erates < 3 jum (Cremer, 1988 .). This l a t t e r  p o in t i s
d e c is iv e  fo r  the  fu tu re  range o f a p p lic a tio n  o f the s i l i c a  product.

C h a ra c te r iz a tio n  must go beyond what was done during  the 
p re se n t th e s i s .  One o f the main shortcom ings i s  the c h a ra c te r iz a tio n  
o f c r y s t a l l i n i t y .  I t  i s  by f a r  in s u f f ic ie n t  to  use r e s u l t s  from X-ray 
d i f f r a c t io n  as a c r i t e r i o n  fo r  a n o n astruc tu red  powder. Small angle 
X-ray s c a t te r in g  and high re s o lu t io n  tran sm iss io n  e le c tro n  microscopy 
(both  not a v a i la b le  during  the th e s is  work) a re  recommended. Beside 
t h i s ,  in fo rm ation  i s  req u ired  on the  s t a te  o f n u c lé a tio n  during  h ea t 
tream en t, e .g . ,  by e s ta b lis h in g  so -c a lle d  TTT (tem pera tu re-tim e- 
tra n sfo rm a tio n ) diagrams fo r  the p roduct.
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