
C H A P T E R  I I I  
M E T H O D O L O G Y

3.1 Materials

3.1.1 Catalyst Preparation Materials
A ll ch e m ic a ls  a re  o b ta in ed  fro m  F lu k a  C o ., L td . lis te d  b e lo w  :
- N ic k e l (II) n itra te  h ex a h y d ra te  (N i(N Û 3)2 . 6 H 2O ) o f  9 9 %  pu rity
- Iro n  (III) ch lo rid e  h ex ah y d ra te , F e C b  • 6 H  2O  o f  9 9 %  p u rity
- C o b a lt (II) n itra te  h ex ah y d ra te , C o (N 0 3 )2  - 6 H  2O  o f  9 9 %  purity
- M a n g a n e se  (II) ch lo rid e  te trah y d ra te , M n C h  - 4 H  2 0  o f  9 9 %  p u rity
- H e x a a m m o n iu m  h ep ta m o ly b d a te  te tra h y d ra te , (N H 4)ô M 07O 244H 2O 

o f  9 9 %  p u rity
- S o d iu m  b o ro h y d rid e , N a B H 4 o f  9 9 %  p u rity
- E th an o l, C 2H 5O H  o f  9 9 %  p u rity
- 1 -M e th o x y -2 -p ro p a n o l, C 2H 5O H  o f  9 9 %  p u rity

3 .1 .2  G ases
A ll g a se s  w e re  o b ta in e d  fro m  T hai In d u s tr ia l G as  P u b lic  C o ., L td. and

lis ted  b e lo w  :
- C a rb o n d io x id e  o f  9 9 .9 9 9 %  p u rity
- H e liu m  o f  9 9 .9 9 %  p u rity
- N itro g e n  o f  9 9 .9 9 %  p u rity

«
3 .1 .3  B io m a ss

C e llu lo se  w as o b ta in ed  fro m  A d v a n c e  A g ro  c o m p a n y  an d  S iam  P u lp  
an d  P ap e rs  C o ., L td . an d  w ere  u sed  as  b io m ass  rep re sen ta tiv e .
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3 .2  C a ta ly s t  a n d  S a m p le  P r e p a r a t io n

3.2.1 C a ta ly s t P rep a ra tio n
C a ta ly s ts  w ere  p rep a red  by  p re c ip ita tio n  te c h n iq u e . T h is  tech n iq u e  is 

a  s im p le  w a y  to  p re p a re  p u re  m eta l by  u s in g  c h e m ic a l re d u c tio n  o f  m eta l ion o f  
m e ta l p re c u rso r  so lu tio n . F iv e  tran s itio n  m e ta ls  w ere  p re p a re d  w h ic h  a re  F e, N i, Co, 
M n  an d  M o . T o  p rep a re  each  m eta l, the  so lid  NaBPL} w as ad d e d  to  th e  so lu tion  o f  
each  m e ta l p re c u rso r  in  a  reac tio n  v esse l u n d e r an  in e rt a tm o sp h e re  o f  n itro g en . A  
v ig o ro u s  g as  e v o lu tio n  w as o b se rv ed  in s tan tly  w ith  th e  p re c ip ita tio n  o f  b lack  
je l ly lik e  so lid . A fte r  th e  gas ev o lu tio n , 30  m o re  m in u te s  w as  a llo w e d  fo r co m p le tin g  
th e  re a c tio n  a n d  th e n  cen trifu g ed  a t 5 000  rp m  fo r 15 m in u te s  to  sep a ra te  the  m etal 
p a rtic le s . T h e  p re c ip ita te s  w ere  w ash ed  m a n y  tim e s  w ith  e th a n o l. A fte r  w ash in g , the  
p re c ip ita te s  w e re  d r ie d  in  a  v acu m m  o v en  to  a c h iv e  d ry  m e ta l p a rtic le s .

3 .2 .2  S am p le  P re p a ra tio n
T h e  sam p le  fo r g a s if ic a tio n  w as p re p a re d  b y  m ix  ce llu lo se  and  

c a ta ly s t to g e th e r . A t first, c e llu lo se  w as c ru sh ed  to  1-2 m m  a n d  d ried  fo r o v e rn ig h t 
to  re m o v e  m o is tu re  fro m  ce llu lo se . T h en , th e  c a ta ly s t w a s  m ix e d  w ith  d ry  ce llu lo se  
and  lo ad ed  in  c y lin d e r  b a sk e t o f  reac to r.

3 .3  C a ta ly s t  C h a r a c te r i z a t io n

3.3 .1  B E T  S u rface  A rea
B ru n a u e r-E m m e t-T e lle r  (B E T ) e q u a tio n  w a s  a p p lie d  to  d e te rm in e  the  

su rface  a re a  o f  th e  c a ta ly s ts  . T h is  m ea su re m e n t is  b a se d  o n  th e  p h y s ic a l m u lti-lay e r 
a d so rp tio n  o f  th e  in e rt gas, c a rried  o u t by  A u to so rb -1  G as S o rp tio n  S y stem . T he 
liq u id  N itro g e n  (N 2) a t 77  K , w h ich  has a  c ro ss -se c tio n a l a re a  o f  16.2 X 10 ' 20 m 2 p er 
m o le c u le , w a s  u se d  as th e  ad so rb a te . T h e  sam p le s  w e re  o u t-g a sse d  in  th e  f lo w  o f  H e 
a t 2 5 0  °c fo r  8 h o u rs  b efo re  th e  an a ly s is  w a s  s ta rted . T h e  su rfa c e  a rea  w as 
ca lc u la ted  fro m  th e  fiv e -p o in t n itro g en  a d so rp tio n , an d  th e  a v e ra g e  p o re  v o lum e 
w ere  c a lc u la te d  a t P /Po ra tio s  c lo se  to  u n ity .
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3 .3 .2  X -ray  D iffra c tio n  (X R D )
X -ray  d iffrac tio n  is b a sed  u p o n  th e  fac t th a t th e  X -ray  d iffrac tion  

p a tte rn  in  u n iq u e  fo r each  c ry s ta llin e  su b stan ce . T h u s , i f  an  e x a c t m a tch  can be 
fo u n d  b e tw e e n  th e  p a tte rn  o f  an  u n k n o w n  an d  an  au th e n tic  sa m p le , ch em ica l identity  
c a n  be  a s su m e d  (B a ik e r, 1985). It is a lso  p o ss ib le  to  m ak e  a  re la tiv e ly  quan tita tive  
a n a ly s is  by  co m p a rin g  the  in ten sity  o f  th e  d iffra c tio n  lin es . C o m p a rin g  the sam e 
c ry s ta llin e  su b s ta n c e  o f  tw o  d iffe ren t sam p le s , th e  h ig h e r  in ten s ity  sh o w s the h igher 
co n ten t.

A  P h ilip s  X -ray  d iffra c to m e te r  sy s tem  (P W  3 0 2 0 ) eq u ip p ed  w ith  a 
g rap h ite  m o n o c h ro m a to r  and  a C u  tu b e  fo r g e n e ra tin g  a C u K  ra d ia tio n  (1 .54 06  A) is 
u sed  to  o b ta in  th e  X R D  p a tte rn s . T h e  sam p le  is  g ro u n d  to  a  f in e  ho m o g en eo u s 
p o w d e r  a n d  is h e ld  in  th e  b eam  in  th in -w a lle d  g lass . C o n s tru c tiv e  in te rfe ren ce  m ay 
be  a rc h iv e d  w ith  m o n o c h ro m a tic  irrad ia tio n  by  v a ry in g  th e  an g le  o f  in c id en ce  (5 to  
80 d eg rees). T h e  d ig ita l o u tp u t o f  th e  p ro p o rtio n a l X -ra y  d e te c to r  and the 
g o n io m e te r  a n g le  m easu rem en ts  a re  sen t to  a n  o n -lin e  m ic ro c o m p u te r  fo r sto rage  and  
su b se q u e n t d a ta  a n a ly s is  by  P C -A P D  v e rs io n  3 .5B .

S ch e rre r  e q u a tio n  (B a ik e r, 1985) re la te s  th e  m e a n  c ry s ta llite  d iam eter 
an d  th e  b ro a d e n in g  o f  th e  X -ray  d iffra c tio n  lin es  p e r  th e  e x p re s s io n

Db =  KA/Bd co s  0

w h e re  À is w av e  len g th  o f  th e  m o n o c h ro m a tic  X -ra y  ra d ia tio n  (Â)
K  is th e  S ch e rre r  c o n s ta n t w h o se  v a lu e  d e p e n d s  o n  th e  shape o f  

th e  p a r tic le  (a ssu m e  eq u a l to  1 )
Bd is th e  a n g u la r  w id th  o f  th e  p e a k  in  th e  te rm s  o f  A (2 0 )

(rad ian )
0  is th e  g lan c in g  an g le  (d eg ree )
Db is th e  m ean  c ry s ta llite  d ia m e te r  (A )
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3 .4  E x p e r im e n ta l  A p p a r a tu s

T h e  e x p e rim e n ta l a p p a ra tu s  u sed  in  th is  s tu d y  is sc h e m a tic a lly  show n in 
F ig u re  3 .1 . It c o n s is ts  o f  2 p a rts  ะ (i) gas tra n sp o rtin g  se c tio n  an d  (ii) ca ta ly tic  reator.

3.4.1 G as T ra n sp o rtin g  S ec tio n
T h is  sec tio n  w as u sed  fo r tra n sp o rtin g  g a se s  to  a  d e s ire d  concen tra tio n  

an d  f lo w  ra te  b e fo re  it w as fed  in to  th e  ca ta ly tic  reac to r. C a rb o n  d io x id e , steam  or 
b o th  o f  th e m  w ere  u sed  as th e  g a s ify in g  a g e n ts  in  th e  e x p e rim e n ts . H e liu m  w as used 
as c a rr ie r  g as  fo r  s te am  w h ic h  w as p ro d u c e d  fro m  s team  g en e ra to r. B ro o k s m ass 
f lo w  c o n tro lle rs  w e re  u se d  to  co n tro l th e  f lo w  ra te  o f  c a rb o n  d io x id e  an d  helium  to 
a tta in  th e  e x a c t v a le  o f  d e s ire d  co n cen tra tio n .

3 .4 .2  C a ta ly tic  R e a c to r
T h e  ca ta ly tic  re a c to r  m ad e  o f  s ta in le ss  s tee l. A  10 m m  in s id e  d iam eter 

c y lin d e r  b a sk e t w a s  co n n e c te d  a t th e  to p  o f  re a c to r  tu b e . T h e  m ix tu re  o f  ce llu lose  
and  c a ta ly s t in  w e ig h t ra tio  5:1 w as p u t b e tw e e n  q u a r tz  w o o l at th e  m id d le  o f  
c y lin d e r  b a sk e t an d  p laced  in  a  tu b u la r  fu rn ace  e q u ip p e d  w ith  a  tem p era tu re  
c o n tro lle r. T h e  te m p e ra tu re  c o n tro lle r  w h ich  c o n n e c te d  to  a  K -ty p e  th erm o co u p le  
w as p la c e d  in to  th e  re a c to r  w ith  o n e  en d  to u c h in g  o n  th e  sa m p le  in  o rd e r to  m easure  
th e  sam p le  b ed  te m p e ra tu re . T h e  v a ria tio n  o f  te m p e ra tu re  w a s  ±  5 °c.

3 .5  P r o d u c t  A n a ly s is

3.5.1 M a ss  S p e c tro m e te r (M S )
A  B a lz e rs  O m n is ta r  m ass  sp e c tro m e te r  w ith  a n  io n  so u rce  o f  electron  

im p ac t a t 70  eV  w as em p lo y ed  fo r q u a lita tiv e  a n a ly s is  o f  gas p ro d u c ts  from  
g as if ic a tio n . T h e  q u a lita tiv e  id e n tif ic a tio n  o f  p o ss ib le  p ro d u c ts  w as perfo rm ed  
co m p a rin g  sa m p le  m a ss  sp e c tru m  w ith  N IS T  d a ta b a se  re fe re n c e  m ass  spectrum .
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3 .5 .2  G as C h ro m a to g ra p h y  ( G O
T h e  p ro d u c t g ases w h ic h  a re  H2, C O , C O 2, CH4, C2H4, C2H6, C3H6 

an d  C 3H 8 w e re  an a ly z e d  by  a  S h im a tzu  gas c h ro m a to g ra p h  u s in g  a  C arb o n p lo t 
c a p illa ry  co lu m n . A ll p ro d u c t g ases w ere  a n a ly z e d  w ith  a  th e rm a l co n d u c tiv ity  
d e te c to r  (T C D ). E ach  cy c le  o f  G C  an a ly s is  re q u ire d  a b o u t 35 m in u te s  to  co m p le te  
b e fo re  th e  n e x t in jec tio n  can  start. T h e  G C  c o n d itio n s  u se d  in  th is  s tudy  w ere 
su m m a riz e d  a s  fo llo w s:

3 .5 .3  G as C h ro m a to g ra p h v /M a ss  S p e c tro sc o p y  (G C /M S )
T h e  liq u id  p ro d u c t o b ta in ed  fro m  g a s if ic a tio n  w as an a ly zed  by  

T ra c e G C /P o la r iz Q  M S (T h e rm o F in n ig an ). T h e  c a p illa ry  c o lu m n  D B -5  M S  w as u sed  
an d  th e  c o m p o u n d s  w ere  id en tified  by  M S  (1 5 -5 0 0  a .m .u ., 70  eV ). T h e  q u a lita tiv e  
id e n tif ic a tio n  o f  c o m p o u n d s  w as p e rfo rm e d  c o m p a rin g  sa m p le  m ass  sp ec tru m  w ith  
N IS T  d a ta b a se  re fe ren c e  m ass  sp ec tru m .

3 .6  E x p e r im e n ta l  P r o c e d u r e s

A t f irs t, th e  sam p le  w as p laced  in  th e  c y lin d e r  b a sk e t an d  p u rg e  w ith  H e at 
fo r 15 m in u te s  in  o rd e r  to  rem o v e  a ir an d  o x y g en  in  reac to r. T h is  m e th o d  w as u sed  
in  a ll o f  th e  ex p e rim en ts . T h e  c o n c e n tra tio n  o f  re a c ta n t g a se s  w e re  c h e c k e d  by  u sin g  
a b y -p a ss  lin e  to  a  G C  to m ee t th e  d e s ired  c o n c e n tra tio n  b e fo re  feed in g  th e  reac tan t 
g a ses  to  th e  reac to r.

3 .6 .1  C a ta ly s t S c reen in g

In je c to r T em p e ra tu re  : 
O v en  T e m p e ra tu re  : 
D e te c to r T em p era tu re  :

185 ° c  
1 2 0  ° c  
150 ° c

C a rr ie r  G as : H e (9 9 .9 9  % ) 
C a rrie r  G as F lo w  R a te  : 28  m l/m in

S ix  sam p le s  w h ic h  a re  b lan k  sam p le  (p u re  ce llu lo se )  an d  5 sam ples 
w ith  c a ta ly s ts , F e , N i, M n , C o, an d  M o  w ere  te s te d  by  M ass  S p ec tro m e te r. In  each
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b a tch , th e  sa m p le  w a s  h ea ted  u n d e r 100 %  o f  C O 2 w ith  f lo w  ra te  100 m l/m in . T he 
h e a tin g  ra te  is 10 ° c /m in  fro m  ro o m  te m p e ra tu re  to  9 0 0  °c, w h e n  tem pera tu re  
reach es  to  9 0 0  °c. T h e  re a c tio n  w ill be  o p e ra te d  u n d e r  iso th e rm a l p ro c e ss  at 900 °c 
fo r 45  m in u te s . T h e  e ff lu e n t g ases w ere  o n -lin e  d e te c te d  b y  M S . T h e  re la tive  
in te n s ity  o f  m a ss  o f  H 2, C 2H 4, C 2H 6, C 3H 6 an d  C 3H 8 o f  e a c h  c a ta ly s t w e re  com pared.

3 .6 .2  CO ? G a s if ic a tio n
T h e  100 %  o f  ca rb o n  d io x id e  w ith  f lo w  ra te  o f  100 m l/m in  w as fixed 

fo r a ll e x p e rim e n ts . A fte r  lo ad in g  sam p le  in  re a c to r, th e  sy s te m  w as s ta red  by feed  
C O 2 a t d e s ire d  lev e l a n d  re a c to r te m p e ra tu re  w as ra m p e d  fro m  ro o m  tem p era tu re  to  
d e s ire d  te m p e ra tu re s  w h ic h  a re  600, 700, 800 an d  900 °c w ith in  10 m in u tes. W hen 
te m p e ra tu re  go  to  d e s ire d  te m p e ra tu re  it w ill be  sw itc h e d  to  iso th e rm a l p ro cess  at th is  
te m p e ra tu re  fo r  45 m in u te s . T h e  e fflu e n t g a ses  w e re  c o lle c te d  in  g as  co llec to r. A fter 
f in ish in g  iso th e rm a l p ro cess , th e  co lle c ted  g ases  w e re  a n a ly z e d  b y  sam p lin g  the  
c o lle c te d  g a se s  a t in je c tio n  p o rt o f  gas c o lle c to r  th e n  in je c t th e  sa m p lin g  gas to  G C. 
P ro d u c t g as  c o m p o s itio n , gas y ie ld , liq u id  y ie ld  an d  c h a r  y ie ld  w e re  in v estig a ted .

3 .6 .3  S team  G a s if ic a tio n
In  th is  te s t, s team  w as u sed  as  g a s ify in g  a g e n t in s tead  C O 2. The 

d e s ire d  s te am  f lo w  ra te  w as  100 m l/m in . A fte r  lo ad in g  sa m p le  in  re a c to r, th e  system  
w as p u rg e d  w ith  h e liu m  gas fo r ab o u t 10 m in . T h e  fu rn a c e  an d  s te a m  g en e ra to r w ere  
th e n  tu rn e d  on . W h e n  th e  re a c to r tem p e ra tu re  rea c h e d  150 ๐c ,  th e  sy r in g e  pum p  w as 
s ta rted  a n d  th e  f lo w  w a s  ad ju s te d  a t th e  d e s ired  level. E a c h  sa m p le  w as ram p ed  from  
ro o m  te m p e ra tu re  to  d e s ire d  tem p e ra tu re  w h ic h  a re  6 0 0 , 7 0 0  an d  8 0 0  °c w ith in  10 
m in u tes . W h e n  te m p e ra tu re  go  to  d e s ired  te m p e ra tu re  it w ill b e  sw itc h  to  iso therm al 
p ro c e ss  a t th is  te m p e ra tu re  fo r 45 m in u tes . T h e  e ff lu e n t g a se s  w e re  c o lle c ted  in  gas 
co lle c to r. A f te r  f in ish in g  iso th e rm a l p ro cess , th e  c o lle c te d  g a se s  w e re  analyzed  by 
sa m p lin g  th e  c o lle c te d  g a ses  a t in jec tio n  p o rt o f  g as  c o lle c to r  th e n  in je c t th e  sam pling  
gas to  G C . P ro d u c t g as  co m p o sitio n , g as  y ie ld , l iq u id  y ie ld  an d  c h a r  y ie ld  w ere 
in v es tig a ted .
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3 .6 .4  L iq u id  P ro d u c t C h a ra c te riz a tio n
T h e  liq u id  o b ta in ed  from  th e  c o n d e n se d  v a p o r  o f  g a s if ic a tio n  p roducts 

a t te m p e ra tu re  a ro u n d  -5 ° c .  T o  id en tify  th e  c o m p o n e n ts  in  th e se  p ro d u c ts , G C /M S  
is u tiliz ed  to  a n a ly z e  th e se  sam ples. T h e  sam p le  liq u id  w e re  filte re d  an d  in jected  to  
sa m p lin g  p o rt. T h e  q u a lita tiv e  id e n tif ic a tio n  o f  c o m p o u n d s  w as perfo rm ed  
c o m p a rin g  sa m p le  m ass  sp ec tru m  w ith  N IS T  d a ta b a se  re fe ren c e  m a ss  spectrum .
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