
C H A P T E R  I I I
E X P E R I M E N T A L

3 .1  M a t e r i a l s

3 .1 .1  F e e d s t o c k s
•  C ru d e  ja tr o p h a  o i l  (o b ta in e d  fro m  P T T  P L C )

•  T e tr a a m m in e p la t in u m ( ll )  c h lo r id e .h y d r a te  (9 9 .9 9 % . A ld r ic h )

3 .1 .2  C a ta ly s t  S u p p o r ts  an d  M e ta l P r e c u r so r s
•  Ir id iu m (II I )  c h lo r id e  h y d r a te  ( 9 9 .9 %  p u r ity , A ld r ic h )
•  R u t h e n iu m (I ll )  c h lo r id e , R u  c o n te n t  4 5 - 5 5 %  (A ld r ic h )
•  Y  z e o l i t e  (S iC F /A h C b  ra tio  o f  5 .5 , .T o s o h  C o m p a n y )
•  A m m o n iu m  F lu o r id e (9 9 %  p u r ity . L a b S c a n )
•  G a m m a  a lu m in a  o x id e  (9 9 %  p u r ity )

3 .1 .3  S ta n d a rd  C h e m ic a ls  a n d  O th e r s
•  T r io le in  (9 9 %  p u r ity , S ig m a )
•  T r il in o le in  (9 9 %  p u r ity , N U -C F 1 E K  P R E P )
•  T r is te a r in  (9 9 %  p u r ity , N U - C H E K  P R E P )
•  T r ip a lm it in  (9 9 %  p u r ity , N U - C H E K  P R E P )
•  1 ,3  D io le in  (9 9 %  p u r ity . S ig m a )
•  1 ,3  D i l in o le in  (9 9 %  p u r ity , N U - C H E K  P R E P )
•  1 ,3  D is te a r in  (9 9 %  p u r ity , N U - C H E K  P R E P )
•  D ip a lm it in  (9 9 %  p u r ity , N U - C H E K  P R E P )
•  M o n o o le in  (9 9 %  p u r ity , S ig m a )
•  M o n o l in o le in  (9 9 %  p u r ity , N U - C H E K  P R E P )
•  M o n o s te a r in  (9 9 %  p u r ity , N U - C H E K  P R E P )
•  M o n o p a lm it in  (9 9 %  p u r ity . N U - C H E K  P R E P )
•  S te a r ic  a c id  (9 9 .5 % , F lu k a )
•  O le ic  a c id  (9 9 .5 % , F lu k a )
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•  P a lm it ic  a c id  (9 9 .5 % , F lu k a )
•  O c ta d e c a n o l  (9 5 %  p u r ity , A C R O S )
•  H e x a d e c a n o l  (9 6 %  p u r ity , A C R O S )
•  P e n ta d e c a n e  (9 9 %  p u r ity , A ld r ic h )
•  H e x a d e c a n e  (9 9 %  p u r ity , A ld r ic h )
•  H e p ta d e c a n e  (9 9 %  p u r ity , A ld r ic h )
•  O c ta d e c a n e  (9 9 %  p u r ity , A ld r ic h )
•  D o d e c a n e  (9 9 %  p u r ity , M e r c k )
•  P y r id in e  (9 9 %  p u r ity , C A R L O  E R B A )
•  N ,  0 -b is ( t r im e th y I ) t r if lo r o a c e ta m id e  (9 8 %  p u r ity , A C R O S )
•  A c e t o n e  (9 8 %  p u r ity , L a b sc a n )
•  M e th a n o l (9 9 .9 %  p u r ity , L a b sc a n )
•  D is t i l le d  w a te r

3 .1 .4  G a s e s
•  H y d r o g e n  (9 9 %  p u r ity , B IG )
•  N itr o g e n  (9 9 %  p u r ity , T IG )
•  H e liu m  (9 9 %  p u r ity , T IG )
•  A ir  z e r o  (9 9 %  p u r ity , T IG )

3.2 Equipment

•  H ig h  p r e ssu r e  p a c k e d -b e d  c o n t in u o u s  f lo w  r e a c to r  s y s t e m  c o n s i s t in g  o f  a 
m a s s  B o w  c o n tr o lle r  (B r o o k s  in s tr u m e n t 5 8 5 0 E ) ,  a  h ig h  p r e s su r e  liq u id  
p u m p  (W a te r s  5 1 5  H P L C ), a b a c k  p r e ssu r e  r e g u la to r  ( S I E M E N S ) ,  %" 
O . D . x l 6 " lo n g  s ta in le s s  s te e l  r ea c to r , a n d  a t h r e e -z o n e  tu b u la r  fu r n a c e  
w ith  a te m p e r a tu r e  c o n tr o lle r  (C a b o l it e ) .

•  G a s  c h r o m a to g r a p h  (A g i le n t  G C  7 8 9 0  e q u ip p e d  w ith  c o o l - o n  c o lu m n  

in je c t io n  F I D /T C D )
•  G a s  c h r o m a to g r a p h -s im u la te d  d is t i l la t io n  (V a r ia n /  C P - 3 8 0 0 )
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•  L E C O  P e g a s u s  t w o -d im e n s io n a l  g a s  c h r o m a to g r a p h  w ith  t im e - o f - f l ig h t  

m a s s  s p e c tr o m e te r  ( 4 D  G C x G C  T O F M S )
•  B r u k er  D 8  A d v a n c e  X -r a y  d if fr a c to m e te r
•  B r o k e r  S R S 3 4 0 0  X -r a y  f lu o r e s c e n c e  s p e c tr o m e te r
•  G a s  c h r o m a to g r a p h  (G C , P erk in  E lm e r /A R N E L )
•  M ic r o m e r it ic  T P R  2 9 0 0  e q u ip p e d  w ith  th e r m a l c o n d u c t iv i t y  d e te c to r
•  T h e r m o  F in n ig a n  T P D R O  1 1 0 0  e q u ip p e d  w ith  f la m e  io n iz a t io n  d e te c to r
•  S u r fa c e  area  a n a ly z e r  ( S A A , Q u a n ta c h r o m e /A u to s o r b  1)
•  H o t &  stirrer  p la te  ( C o le  P a rm er)
•  O v e n

3 .3  M e t h o d o l o g y

3 .3 .1  C a ta ly s t s  P rep ara tio n
3.3.1.1 Preparation o f  Pt/H-Y. Ru/PI-Y and lr-H -Y  Catalysts

Y  z e o l i t e  w a s  c a lc in e d  at 5 0 0  ๐c  fo r  3  h w ith  a h e a t in g  ra te  o f  
1 0 ° c /m in  to  r e m o v e  o r g a n ic  r e s id u e s  fro m  th e  z e o l i t e .  A f te r  th a t, th e  z e o l i t e  w a s  
lo a d e d  w ith  Pt b y  an in c ip ie n t  w e tn e s s  te c h n iq u e  c o n s i s t in g  o f  4  s te p s . F ir s t ly , a  

d e s ir e d  a m o u n t  o f  P t (N H 3) 4C l2 c o m p o u n d s  w a s  d i s s o lv e d  in  d e io n iz e d  w a ter . 
S e c o n d ly ,  th e  P t ( N H 3) 4C l2 s o lu t io n  w a s  a d d ed  o n  th e  z e o l i t e  d r o p  w i s e  u s in g  a m ic r o  
s y r in g e . T h ir d ly , th e  w e t  z e o l i t e  w a s  d r ied  in an o v e n  at 1 1 0 ° c  fo r  o v e r n ig h t . F in a lly ,  
c a ta ly s t  w a s  c a lc in e d  in  a fu rn a ce  at 3 5 0 ° c  fo r  3 h  w ith  th e  h e a t in g  rate o f  1 0 ° c /m in .  
T h e n , a b ifu n c t io n a l  c a ta ly s t  w a s  o b ta in e d  in m e ta l o x id e  fo r m ร.

B e fo r e  c a ta ly t ic  a c t iv ity  te s t ,  th e  b ifu n c t io n a l  c a ta ly s t  w a s  

r e d u c e d  in -s itu  w ith  H 2 in o rd er  to  c o n v e r t  m e ta l o x id e  to  m e ta l.
T h e  R u /H -Y  a n d  Ir /H -Y  c a ta ly s t s  w a s  p r ep a red  b y  th e  s a m e  

m e th o d  as  P t /H -Y  c a ta ly s t . T h e  m eta l p r e c u r so r  th a t u s e  w e r e  R 11C I3 an d  IrC b  

r e s p e c t iv e ly .
3.3.1.2 Preparation o f  Pt/ApO} and Pt/F-ApO } Catalysts

T h e  c a ta ly s t s  w e r e  p r ep a red  b y  in c ip ie n t  w e tn e s s  
im p r e g n a tio n  m e th o d . T h e  A I2 O 3 su p p o r t w a s  f ir s t  s ie v e d  to  th e  s iz e  b e tw e e n  2 0  and
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4 0  m e s h e s  ( 4 2 5 - 8 5 0  p m ) . T h e  p la tin u m  w a s  d e p o s it e d  b y  im p r e g n a t io n  o f  y -A I2 0 3  

su p p o r t w ith  a q u e o u s  s o lu t io n  o f  P t (N H 3) 4C l2 - A fte r  im p r e g n a t io n , th e  c a ta ly s t s  w a s  
d r ied  at 1 1 0  ° c  o v e r n ig h t  an d  s u b s e q u e n t ly  c a lc in e d  at 5 0 0  ° c  fo r  4  h.

F or th e  p r o m o tio n  w ith  io n s ,  F io n s  w a s  d e p o s it e d  o n  y- 

A I2 O 3 su p p o r t w ith  an a q u e o u s  s o lu t io n  o f  a m m o n iu m  f lu o r id e  ( N H 4 F ) b y  
im p r e g n a t io n  m e th o d . A fte r  im p r e g n a tio n , th e  F -A I 2O 3 w a s  d r ied  at 1 1 0  ° c  o v e r n ig h t  
a n d  s u b s e q u e n t ly  c a lc in e d  at 4 5 0  ° c  fo r  3 h. T h e  p la t in u m  w a s  d e p o s it e d  b y  

im p r e g n a t io n  o f  Y-A I2O 3 su p p o r t w ith  a q u e o u s  s o lu t io n  o f  P t (N H 3) 4C l2 . A fte r  

im p r e g n a t io n , th e  c a ta ly s t  w a s  d r ied  at 1 1 0  ° c  o v e r n ig h t  a n d  s u b s e q u e n t ly  c a lc in e d  at 
5 0 0  ° c  fo r  4  h.

T a b le  3 .1  T h e  m e ta l p r e c u r so r s  and  th e  m e ta l c o n te n t  o f  p r ep a red  c a ta ly s t s

C a ta ly s t M e ta l p r ecu r so rs M eta l M eta l c o n te n t  (w t .% )

P t /A l20 3 P t (N H 3 ) 4C l2 -x H 20 Pt 0 .5
P t /F - A l2 0 3 P t (N H 3 )4 C l2 x H 2 0 Pt 0 .5

P t/H Y P t(N H 3 ) 4 C l2 -x H 20 Pt 0 .5
Ir /H Y Ir C I y x H iO Ir 0 .5

R u /H Y R u C13 x H 20 R u 0 .5

3 .3 .2  C a ta ly s t  C h a r a c te r iz a t io n
T h e  p rep a red  c a ta ly s t s  w i l l  b e  c h a r a c te r iz e d  b y  v a r io u s  m e th o d s  

d e s c r ib e d  a s  f o l lo w s .
3.3 .2 .1 X -ray Fluorescence Spectroscopy (XRF)

X -r a y  f lu o r e s c e n c e  s p e c tr o s c o p y  w a s  u s e d  to  d e te r m in e  th e  

a c tu a l m eta l c o n te n t  in th e  c a ta ly s ts .  W ith  a p r im a ry  X -r a y  e x c i ta t io n  s o u r c e  fr o m  an 
X -r a y  tu b e , th e  X -r a y  ca n  b e  a b so r b e d  b y  th e  a to m  a n d  its  e n e r g y  are tra n sfe rred  to  
an in n e r m o s t  e le c tr o n . D u r in g  th is  p r o c e s s ,  i f  th e  p r im a ry  X -r a y  h a s  s u f f ic ie n t  
e n e r g y , e le c tr o n s  are e j e c te d  fro m  th e  in n er  s h e l l s ,  c r e a t in g  v a c a n c ie s .  T h e s e  
v a c a n c ie s  p r e s e n t  an u n s ta b le  c o n d it io n  fo r  th e  a to m . A s  th e  a to m  re tu rn s to  its  s ta b le  
c o n d it io n , e le c tr o n s  fr o m  th e  o u te r  s h e l ls  are tra n sfe rred  to  th e  in n er  s h e l l s ,  and  th is
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p r o c e s s  g iv e s  o f f  a c h a r a c te r is t ic  X -r a y , w h o s e  e n e r g y  is  th e  d i f f e r e n c e  b e tw e e n  th e  
tw o  b in d in g  e n e r g ie s  o f  th e  c o r r e s p o n d in g  s h e l l s .  B e c a u s e  e a c h  e le m e n t  h a s  a u n iq u e  

se t  o f  e n e r g y  le v e l s ,  e a c h  e le m e n t  p r o d u c e s  X -r a y s  at a u n iq u e  s e t  o f  e n e r g ie s ,  
a l lo w in g  o n e  to  n o n -d e s tr u c t iv e ly  m e a s u r e  th e  e le m e n ta l  c o m p o s i t io n  o f  a sa m p le .  
T h e  in te n s it ie s  o f  o b s e r v e d  l in e s  fo r  a g iv e n  a to m  v a r y  a c c o r d in g  to  th e  a m o u n t o f  
th at a to m  p r e se n t  in th e  s p e c im e n .

3.3.2.2 Temperature Program m ed Reduction (TPR)
T e m p e r a tu r e  p r o g r a m m e d  r e d u c t io n  w a s  e m p lo y e d  fo r

e v a lu a t in g  th e  n u m b e r  a n d  q u a n tity  o f  th e  r e d u c ib le  s p e c ie s  p r e se n t  in th e  p rep ared  
c a ta ly s t  an d  th e  te m p e r a tu r e , at w h ic h  th e  r e d u c t io n  i t s e l f  ta k e s  p la c e  a s  a fu n c tio n  o f  
te m p e r a tu r e , f i f ty  m g  o f  c a ta ly s t  w a s  p la c e d  in a  q u a rtz  r e a c to r , and  h e a ted  

( 1 0 ° c / m i n )  u n d e r  a H e  f lo w  u p  to  5 5 0 ° c ,  an d  h e ld  at th e  te m p e r a tu r e  fo r  1 h in o rd er  
to  r e m o v e  m o is tu r e  fro m  th e  c a ta ly s t  s u r fa c e . T h e  s a m p le  w a s  th en  c o o le d  d o w n  to  
3 0 ° c .  T h e n , th e  s a m p le  w a s  e x p o s e d  to  a s trea m  o f  5 %  H i/A r  w ith  a  f lo w  rate o f  2 0  
m l/m in . A f te r  th at, th e  s a m p le  w a s  h e a te d  to  6 0 0 ° c  w ith  a h e a t in g  ra te  o f  10 ° c /m in .  
T h e  a m o u n t o f  h y d r o g e n  c o n s u m e d  w a s  m o n ito r e d  o n - l in e  b y  an  S R I m o d e l 1 1 0  
T C D  d e te c to r  a s  a fu n c t io n  o f  tem p era tu r e .

3.3.2.3 Thermal Gravimetric Analysis (TGA) 
T h e r m o g r a v im e tr ic -d if fe r e n t ia l  th erm a l a n a ly z e r  ( T G -D T A )

w a s  u se d  to  s tu d y  th erm a l d e c o m p o s it io n  o f  c a ta ly s t  p r e c u r so r  in  o r d e r  to  e v a lu a te  
th e  c a lc in a t io n  te m p e r a tu r e  o f  p rep a red  c a ta ly s t s .  E a c h  c a ta ly s t  w a s  p r e v io u s ly  
h e a te d  to  1 0 0  ๐c  fo r  5 m in u te s  in N 2  ( 1 0 0  m L /m in  H o w -r a te )  in o r d e r  to  r e m o v e  
m o is tu r e  c o n te n t  th e n  te m p e r a tu r e  w a s  in c r e a se d  to  8 0 0  ° c  w ith  ra m p  rate o f  1 0  

° c / m i n  u p  to  8 0 0  ° c .
3.3.2.4 Brunauer-Emm ett-Tellet M ethod (BET)

T h e  s u r fa c e  area  o f  th e  p r ep a red  c a ta ly s t s  w a s  m e a su r e d  b y  
B E T  su r fa c e  area  a n a ly z e r  (Q u a n ta c h r o m e /A u to s o r b -1  ). T h e  s a m p le  w a s  first  
o u tg a s s e d  to  r e m o v e  th e  h u m id ity  an d  v o la t i l e  a d s o r b e n ts  a d so r b e d  o n  s u r fa c e  u n d er  

v a c u u m  at 1 5 0  ๐c  fo r  4  h p r io r  to  th e  a n a ly s is .  T h e n , N 2 w a s  p u r g e d  to  a d so rb  on  

su r fa c e , m e a s u r in g  th e  q u a n tity  o f  g a s  a d so r b e d  o n to  o r  d e s o r b e d  fro m  th e ir  s o l id  
su r fa c e  at s o m e  e q u ilib r iu m  v a p o r  p r e ssu r e  b y  s ta t ic  v o lu m e tr ic  m e th o d . T h e  s o l id  
sa m p le  w a s  m a in ta in e d  at a c o n s ta n t  te m p e r a tu r e  o f  th e  s a m p le  c e l l  u n til th e
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e q u ilib r iu m  is e s ta b l is h e d . T h is  v o lu m e -p r e s s u r e  d a ta  w a s  u s e d  to  c a lc u la te  th e  B E T  

s u r fa c e  area .
3.3.2.5 Temperature Program m ed Deposition (TPD) o f

Isopropylamine
T h e  a c id ity  o f  p rep ared  c a ta ly s t s  w a s  te s te d  b y  th e  a m in e  T P D  

te c h n iq u e . F irst, 5 0  m g  o f  s a m p le  w a s  r e d u c e d  at 5 0 0  ° c  in a  f lo w  o f  PE fo r  3 h. 
A fte r  r e d u c t io n , th e  s a m p le  w a s  c o o l  in แ 2 to  r o o m  te m p e r a tu r e  a n d  th en  
i s o p r o p ly a m in e  w a s  b u b b le d  in  to  s a m p le  fo r  4 h . A f te r  r e m o v in g  th e  e x c e s s  

i s o p r o p y la m in e , th e  s a m p le  w a s  l in e a r ly  h e a t to  8 0 0  ° c  at a h e a t in g  rate o f  1 0  

๐c / m i n .  M a s s  4 4 ,  4 1 ,  an d  17 w e r e  m o n ito r e d  to  d e te r m in e  th e  e v o lu t io n  o f  
i s o p r o p y la m in e , p r o p y le n e , an d  a m m o n ia , r e s p e c t iv e ly .

3.3.2.6 Temperature Program m ed Oxidation (TPO)
T h is  t e c h n iq u e  w a s  e m p lo y e d  to  a n a ly z e  th e  a m o u n t and  

c h a r a c te r is t ic s  o f  th e  c o k e  d e p o s it e d  o n  th e  c a ta ly s t s  d u r in g  r e a c t io n . T P O  o f  th e  

s p e n t  c a ta ly s t s  w a s  p e r fo r m e d  in a c o n t in u o u s  H o w  o f  2 %  O 2 in H e  w h i le  th e  
te m p e r a tu r e  w a s  l in e a r ly  in c r e a se d  w ith  a h e a t in g  rate o f  12 ° c / m i n .  T h e  o x id a t io n  
w a s  c o n d u c te d  in a 1 /4"  O .D . q u a rtz  f ix e d -b e d  r e a c to r  a fte r  th e  s p e n t  c a ta ly s t  tt'as 
d r ied  at 1 1 0  ° c  o v e r n ig h t , w e ig h e d  ( 3 0  m g ) ,  a n d  p la c e d  b e tw e e n  t w o  la y e r s  o f  q u artz  
w o o l .  T h e  s a m p le  w a s  fu rth er  p u r g e d  at r o o m  te m p e r a tu r e  b y  B o w in g  2 %  O 2 in  H e  
fo r  3 0  m in  to  s t a b i l iz e  th e  s ig n a l b e fo r e  s ta r tin g  a run. T h e  C O 2 p r o d u c e d  b y  th e  
o x id a t io n  o f  th e  c o k e  s p e c ie s  w a s  c o n v e r te d  to  m e th a n e  u s in g  a m e th a n iz e r  f i l le d  
w ith  15% N i/A E C E  a n d  o p e r a te d  at 4 0 0  °c in  th e  p r e s e n c e  o f  H 2 . T h e  e v o lu t io n  o f  
m e th a n e  w a s  a n a ly z e d  u s in g  an F ID  d e te c to r .

3 .3 .3  C a ta ly t ic  A c t iv i t y  T e s t in g
T h e  c a ta ly t ic  d e o x y g e n a t io n  o f  c r u d e  ja tr o p h a  o i l s  is  ca rr ied  o u t  in a 

3 /4 "  O .D .,  c o n t in u o u s  f lo w ’ f ix e d -b e d  rea c to r  u n d e r  h ig h  p r e s su r e  c o n d it io n s .  T h e  
s c h e m a t ic  o f  th e  r e a c to r  s y s t e m  an d  th e  d e s c r ip t io n  o f  f lo w  d ia g r a m  are s h o w n  in 
F ig u r e  3 .1  an d  T a b le  3 .2 .  T h e  c a ta ly s t  is  f ir s t ly  r e d u c e d  fo r  3 h  u n d e r  B o w in g  H t at 
th e  r e d u c t io n  te m p e r a tu r e  o f  e a c h  c a ta ly s t .  A f te r  th e  r e d u c t io n , th e  te m p e r a tu r e  and  
p r e ssu r e  o f  th e  r e a c to r  are  se t to  th e  d e s ir e d  v a lu e  in a B o w in g  H 2 . T h e n , th e  strea m  
o f  ja tr o p h a  o il  is  fe d  in to  th e  r e a c to r  b y  u s in g  a h ig h -p r e s s u r e  l iq u id  p u m p . T h e  B o w
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o f  ca rr ier  g a s  a n d  th e  r e a c t io n  p r e ssu r e  are c o n tr o lle d  b y  a m a s s  f lo w  c o n tr o lle r  and  a  
b a c k  p r e ssu r e  r e g u la to r , r e s p e c t iv e ly .  T h e  liq u id  p r o d u c t w a s  tr a p p e d  an d  c o l le c t e d  in  
a c o n d e n s e r  w h i l e  th e  g a s  p r o d u c t w a s  se n t  d ir e c t ly  to  s a m p le  lo o p  o f  1 0 -p o r t v a lv e .  
B o th  g a s  p r o d u c t  a n d  liq u id  p r o d u c t w e r e  c o l le c t e d  a n d  a n a ly z e d  h o u r ly . T h e  liq u id  
p r o d u c t w a s  a n a ly z e d  b y  a g a s  c h r o m a to g r a p h . A g i le n t  7 8 9 0  e q u ip p e d  w ith  a f la m e  
io n iz a t io n  d e te c to r  (F I D ) .  T h e  g a s  p r o d u c t  w a s  in je c te d  a u to m a t ic a lly  to  a g a s  
c h r o m a to g r a p h , A g i l e n t  7 8 9 0  e q u ip p e d  w ith  a th erm a l c o n d u c t iv i t y  d e te c to r  (T C D ) .

F ig u r e  3 .1  S c h e m a t ic  o f  r e a c to r  s y s te m .
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T a b le  3 .2  D e s c r ip t io n  o f  f l o w  d ia g ra m

N o . I tem s
ไ  v T
2  V 2

3 V 3
4  V 4

5 V 5
6  V 6

7 V 7
8 V 8
9 V 9
10 V 1 0

F u n c t io n s
O n - o f f  v a lv e  fo r  liq u id  fr o m  h ig h  p r e ssu r e  l iq u id  p u m p  

C h e c k in g  v a lv e  fo r  a v o id in g  th e  b a c k w a r d  f l o w  o f  liq u id  fr o m  h ig h  
p r e ssu r e  p u m p
T h r e e  w a y s  v a lv e  fo r  s w itc h in g  n itr o g e n  g a s  to  h y d r o g e n  g a s  
C h e c k in g  v a lv e  fo r  a v o id in g  th e  b a c k w a r d  f l o w  o f  h y d r o g e n  or  
n itr o g e n  g a s
T h r e e  v a lv e  fo r  s w itc h in g  d ir e c t io n  o f  n itr o g e n  f lo w
N e e d le  v a lv e  fo r  c o n tr o ll in g  p r essu re  in  b a c k  p r e ssu r e  r e g u la to r
N e e d le  v a lv e  fo r  r e le a s in g  g a s  fro m  th e  s y s t e m
R e l i e f  v a lv e  to  r e le a s e  to  p r e ssu r e  o v e r lo a d  in  th e  s y s t e m
O n - o f f  v a lv e  fo r  r e le a s in g  th e  p r essu re  fr o m  b a c k  p r e ssu r e  r e g u la to r
M e te r in g  v a lv e  fo r  r e le a s in g  th e  p r o d u c t  fr o m  c o n d e n s e r

T h e  c a ta ly t ic  d e o x y g e n a t io n  o f  c r u d e  ja tr o p h a  o il  is  c o n d u c te d  at 
te m p e r a tu r e , p r e s su r e , L H S V , an d  H 2/F e e d  ratio  a s  s h o w n  in T a b le  3 .3 .

T a b le  3 .3  T h e  r e a c t io n  c o n d it io n  fo r  d e o x y g e n a t io n  o f  c r u d e  ja tr o p h a  o il

P a r a m e te r s C o n d it io n
R e a c t io n  te m p e r a tu r e 3 7 5  ° c

R e a c t io n  p r e ssu r e 6 0 0  p s ig
L H S V 0 .5  h ' 1

H i / f e e d  m o la r  ra tio 3 8 .5

3 .3 .4  P r o d u c t  A n a ly s i s
3.3.4.1 GC/FID

T h e  liq u id  p r o d u c ts  w e r e  a n a ly z e d  b y  a g a s  c h r o m a to g r a p h  
e q u ip p e d  w ith  F ID  d e te c to r . T h e  liq u id  p r o d u c ts  fr o m  th e  h y d r o d e o x y g e n a t io n
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c o n ta in  n o n -p o la r  a n d  p o la r  h y d r o c a r b o n s . T h e  n o n -p o la r  h y d r o c a r b o n  ca n  be  
d e te r m in e d  b y  u s in g  D B -5  c o lu m n  (n o n -p o la r  c o lu m n ) ,  w h e r e a s ,  th e  p o la r  
h y d r o c a r b o n  c a n n o t  b e  a n a ly z e d  b y  u s in g  th e  H P -5  c o lu m n . T h e r e fo r e , to  im p r o v e  
th e  c h r o m a to g r a p h ic  b e h a v io r , th e s e  s u b s ta n c e s  h a v e  to  b e  s i ly la t e d  w ith  N ,  O - 

b is ( tr im e th y l) tr in o r o a c e ta m id e  ( B S T F A )  a n d  p y r id in e  b e fo r e  in je c t io n  in to  G C . T h e  
G C  o p e r a t in g  c o n d it io n  is  s u m m a r iz e d  a s  fo l lo w s :

5 0  °c  
3 8 0  °c  
H e
C a p illa r y  c o lu m n
(D B - 5 H T :  d ia m e te r  0 .3 2  m m  le n g th  3 0  m )

T h e  f o l lo w in g  c h r o m a to g r a p h ic  te m p e r a tu r e  p r o g ra m  is  u se d  
fo r  l iq u id  p r o d u c t a n a ly s is .

T a b le  3 .4  T h e  c h r o m a to g r a p h ic  te m p e r a tu r e  p r o g r a m  fo r  l iq u id  p r o d u c t a n a ly s is

In je c to r  tem p era tu r e :  

D e te c to r  tem p era tu r e :  
C a rrier  g a s:
C o lu m n  ty p e :

S te p T e m p e r a tu r e  ( ° C ) R a te  ( ๐c / m i n ) H o ld  t im e  (m in )

1 5 0 - 5
2 1 6 9 1 0 1 0

3 3 8 0 2 0 1 0

F o r  th e  q u a n tita t iv e  c a lc u la t io n s  o f  l iq u id  p r o d u c t , e ic o s a n e  
( C 2 0 H 4 2 )  w a s  u se d  a s  th e  in tern a l sta n d ard . T h e  r e s p o n s e  fa c to r s  o f  e a c h  p r o d u c t  are  
c a lc u la te d  b a se d  o n  th e  f o l lo w in g  fo r m u la  (B r u s c h w e ile r  a n d  H a u tfe n n e , 1 9 9 0 ) ,  a s  
s h o w n  in e q u a t io n  3 .1  :

K  = ( 3 .1)

W h e r e  R x is  r e s p o n s e  fa c to r  o f  r e fe r e n c e  s u b s ta n c e  X

m ls is  m a s s  in g  o f  in tern a l sta n d a rd  
m x is  m a s s  in g  o f  r e fe r e n c e  s u b s t a n c e  X
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A x is  p e a k  a rea  o f  r e fe r e n c e  s u b s t a n c e  X 
A ,ร is  p e a k  area  o f  in ter n a l sta n d a rd  

T h e  c o m p o s i t io n  o f  e a c h  p r o d u c t  is  c a lc u la te d  f o l lo w in g  
fo r m u la , a s  s h o w n  in e q u a tio n  3 .2 :

m ( 3 . 2 )

W h e r e  it/ x is  p e r c e n ta g e  o f  m a s s  o f  c o m p o n e n t  X in sa m p le
R x is  r e s p o n s e  fa c to r  o f  c o m p o n e n t  X in s a m p le  
m y 1 ร is  m a ss  in g  o f  in tern a l s ta n d a r d  in s a m p le  
เท;x is  m a s s  in  g  o f  s a m p le  

A yx is  p e a k  a rea  o f  c o m p o n e n t  X in s a m p le  
a ) ร is p e a k  area  o f  in tern a l s ta n d a r d  in  s a m p le  

T h e  c o n v e r s io n  and  p r o d u c ts  s e l e c t iv i t y  o f  e a c h  p r o d u c t  are  
c a lc u la te d  b y  e q u a t io n s  3 .3  a n d  3 .4 :

m o le s  o f  f e e d  c o n v e n e d
C o n v e r s io n  (% ) =  --------- -------------— — ----- 1—  X 1 0 0  ( 3 .3 )m o le s  o f  f e e d  in p u t

m o le s  o f  p r o d u c t  i
S e le c t iv i t y  to  p r o d u c t  i (To) =  -—  ------- ------- —— 1-----------------  X 1 0 0  (3 .4 -)m o le s  o f  o v e r a ll  p r o d u c ts

T h e  c o m p o s i t io n  o f  g a s  p r o d u c t w a s  a n a ly z e d  q u a li ta t iv e ly  
o n - l in e  in  in terv a l o f  1 h b y  G C /T C D  (A g i le n t  7 8 9 0 ) .  T h e  G C  o p e r a t in g  c o n d it io n  is 

s u m m a r iz e d  a s  f o l lo w s :

I n je c t io n  te m p e r a tu r e  : 
D e te c to r  te m p e r a tu r e  : 
C a rr ier  g a s  :
C o lu m n  ty p e  :

2 0 0  °c
3 0 0  ๐c  
N 2

P a c k e d  c o lu m n  (H y a s e p  Q )
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T h e  f o l lo w in g  c h r o m a to g r a p h ic  te m p e r a tu r e  p r o g r a m  is  u se d  
fo r  g a s  p r o d u c t  a n a ly s is :

T a b le  3 .5  T h e  c h r o m a to g r a p h ic  tem p era tu r e  p r o g ra m  fo r  g a s - p h a s e  p r o d u c t  
a n a ly s is

S te p T e m p e r a tu r e  (°C) R a te  (°c/min) H o ld  t im e  (m in )

1 40 - ->3
2 150 10 J

3.3.4.2 Sim ulated Distillation Gas Chrom atography (S1MDIST GC) 
S I M D I S T  G C  w a s  u s e d  to  a n a ly z e d  b o i l in g  p o in t  o f  liq u id  

p r o d u c t b y  u s in g  A S T M  D 2 8 8 7  at th e  f o l lo w in g  c o n d it io n ;
In itia l tem p era tu r e 3 0 ° c
T im e  at in itia l tem p era tu r e 0 . 0 1 m in
H e a t in g  rate 2 0 ° c
F in a l tem p era tu r e 3 2 0 ° c
H o ld in g  t im e 8 .5 0 m in

3.3.4.3 4D GCxGC TOFMS
T h e  liq u id  p r o d u c ts  w e r e  se n t  to  p e r fo r m  th e  a n a ly s is  a t T O P  

b y  u s in g  A S T M  D  2 6 2 2  m e th o d . T h e  G C  o p e r a t in g  c o n d it io n :
I n je c t io n  T e m p era tu re : 2 5 0  ° c
D e te c to r  T e m p era tu re : 2 5 0  ° c
C arr ier  g a s:  H e , N 2

C o lu m n  D B -1  c a p il la r y  c o lu m n  and
P o r a p a k -Q  p a c k e d  c o lu m n

T a b le  3 .6  s u m m a r iz e s  c h r o m a to g r a p h ic  te m p e r a tu r e  p r o g r a m  u se d  in  th e  
p r o d u c t a n a ly s is :
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T a b le  3 .6  C h r o m a t o g r a p h i c  t e m p e r a tu r e  p r o g r a m  f o r  l iq u id  p r o d u c t  a n a ly s i s

S te p T e m p e r a tu r e  ( ๐C ) R a te  ( ° c / m i n ) H o ld in g  t im e  ( m in )

1 50 - 5

2 169 10 10

3 380 20 10
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