
CHAPTER IV
RESULTS AND DISCUSSION

4.1 Catalyst Characterization

4 .1 .1  T h erm o  G r a v im e tr y /D iffe r e n tia l T h erm al A n a ly z e r  (T G -D T A )
T h e  th erm al d e c o m p o s it io n  b eh a v io r  and  the su ita b le  c a lc in a tio n s  

tem p era tu re o f  th e  c a ta ly s ts  w er e  s tu d ied  b y  u s in g  th erm o g ra v im etry  an d  d ifferen tia l 
therm al a n a ly s is  (T G -D T A ). F ig u re  4 .1  (a ) and (b ) s h o w s  T G -D T A  cu rv e  o f  dried  
TiC > 2  su p p ort sy s th e s iz e d  v ia  a c o m b in e d  s o l-g e l p r o c e s s  w ith  su r fa c ta n t-a ss is ted  
tem p la tin g  m e th o d  d e n o te d  as S G -T i0 2  and P d /T i0 2 ca ta ly s t  sy n th e s iz e d  v ia  a 
c o m b in e d  s in g le -s te p  s o l -g e l  p ro c e ss  w ith  su r fa c ta n t-a ss is ted  te m p la tin g  m eth o d  
(S A T M ) d e n o te d  as S S S G . T h e  D T A  c u rv e  sh o w s  tw o  m a in  e x o th e r m ic  reg io n s . T h e  
first e x o th e r m ic  p ea k , w ith  its p o s it io n  b e tw e e n  2 5 0  ° c  and 3 5 0  ° c ,  is  attributed  to  
th e  bu rnou t o f  the su rfactan t tem p la te , in c lu d in g  w ith  the r e m o v a l o f  org a n ic  
rem n an ts in  c a se  o f  S S S G  ca ta ly st. T h e se c o n d  e x o th e r m ic  p eak  b e tw e e n  3 5 0  ° c  and  
5 0 0  ° c  c o rr esp o n d s  to th e  c r y s ta lliz a tio n  p r o c e ss  o f  th e  su p p ort and  a ls o  th e  rem o v a l 
o f  org a n ic  rem n an t and  c h e m iso r b e d  w a ter  m o le c u le  (H a g u e  et al, 1 9 9 4 ). T h e  
d iffe r e n c e  o f  tw o  ca ta ly s ts  can  b e n o t ic e d  from  th e c r y s ta lliz a tio n  p ea k  that S S S G  
P d /T iÛ 2  r e le a se d  larger e x te n t  o f  h eat for c r y s ta lliz a tio n  than  the SG-TiC> 2 , in d ica tin g  
th e  h ig h er  th erm a l s ta b ility  o f  th e  T i0 2  su p p ort w ith  P d  lo a d in g  (S r e e th a w o n g  et a l . , 
2 0 0 6 ) . F rom  F ig u re  4 .2  (a) -  (d ), T G -D T A  cu rv es  o f  P 2 5 -IW I, P 2 5 -P C D , S G -IW I, 
and  S G -P C D  P d /T iÜ 2  c a ta ly s t , r e sp e c tiv e ly , w ere  sh o w n . F rom  T G -D T A  resu lts  o f  
fou r c a ta ly s ts , th e  first e x o th e r m ic  p ea k , w ith  its p o s it io n  lo w e r  th an  15 0  ° c ,  is  
attributed  to  th e  rem o v a l o f  p h y s iso r b e d  w a ter  m o le c u le s .  T h e  e x o th e r m ic  reg io n  
b e tw e e n  3 5 0  and  5 0 0  ° c  co rresp o n d s to  the r e m o v a l o f  o rg a n ic  rem n an ts and  
c h e m iso r b e d  w a ter  m o le c u le  (H a g u e  et al., 19 94 ).

T h e  T G  resu lt  rev e a ls  that th e  w e ig h t  lo s s  e n d s  at a tem p era tu re o f  
a p p r o x im a te ly  5 0 0  ° c  for  a ll ca ta ly sts . H e n c e , the c a lc in a t io n  tem p era tu re  at 5 0 0  ° c  
is  su ff ic ie n t  for  th e  c o m p le te  rem o v a l o f  th e  o rg a n ic  su rfactan t m o le c u le s , org a n ic  
rem n an t, and  th e  c a ta ly s t  c r y s ta lliz a tio n  p r o c e ss  (S r e e th a w o n g  et a l., 2 0 0 9 ) .
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Temperature (°C)

Figure 4.1 T G -D T A  c u rv e  o f  d ried  sa m p les: (a ) T i 0 2 su p p o rt sy n th e s iz e d  v ia  a 
c o m b in e d  s o l-g e l  p r o c e s s  w ith  S A T M  ( S G - T i0 2) and  (b )  P d /T i0 2 ca ta ly st  
s y n th e s iz e d  v ia  a c o m b in e d  s in g le -s te p  s o l-g e l  p r o c e s s  w ith  S A T M  (S S S G ).
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Figure 4.2 T G -D T A  cu rve  o f  P d /T i0 2  ca ta ly st:  (a ) P 2 5 -IW I, (b ) P 2 5 -P C D , 
(c )  S G -IW I, and (d ) S G -P C D .

4 .1 .2  N? A d so r p tio n -D e so r p tio n
N 2  a d so rp tio n -d eso rp tio n  a n a ly s is  w a s  u se d  to  in v e s t ig a te  the 

m e so p o r o s ity  o f  th e  c a ta ly s ts  b y  u s in g  the ch a ra c te r is tic s  o f  th e  iso th erm  sh ap e. T h e  
a d so r p tio n -d e so r p tio n  iso th erm  o f  the S G - T i0 2 su p p ort r e v e a ls  th e  ty p ic a l IU P A C  
ty p e  IV  pattern  w ith  th e H 2  h y ste r e s is  lo o p , w h ic h  is  a s so c ia te d  w ith  cap illary  
c o n d e n sa t io n  ta k in g  p la c e  in  m e so p o r e s . B e s id e s ,  th e  iso th e r m  a lso  s h o w s  the  
l im it in g  u ptake o v e r  a ran ge o f  h ig h  r e la tiv e  p ressu re  (P /P ° )  that is  another  
ch a ra cter istic  fea tu re  o f  a m e so p o r o u s  m ateria l (S in g  et al., 1 9 8 5 ), as sh o w n  in  
F ig u re  4 .3  (a). W ith  th e  c o m m e r c ia l P -2 5  T i 0 2 su p p ort d e n o te d  as P 2 5 - T i0 2, the 
a b se n c e  o f  b o th  a h y s te r e s is  lo o p  and an  a d so rp tio n  p la tea u  at v ery  h ig h  re la tive
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p ressu re  in d ic a te s  that th ere  is  n o c a p illa r y  c o n d e n sa t io n  o f  N 2  in to  the p ore  
c o r r esp o n d in g  to  th e  IU P A C  typ e  II that p o s s e s s e s  th e  n o n -m e so p o r o u s  
ch a ra cter is tics , a s  s h o w n  in  F ig u re  4 .3  (b )  (S r e e th a w o n g  et al., 2 0 0 9 ) . T h e in set o f  
F igu re  4 .3  (a ) an d  (b ) s h o w s  th e pore s iz e  d istr ib u tio n  c u r v e  c a lc u la te d  from  the  
d e so rp tio n  b ran ch  o f  th e  iso th erm  by the B JH  m eth od . S G -T iC > 2  su p p o rt ex h ib ite d  a 
n arrow  pore s iz e  d istr ib u tio n  as sh o w n  in F ig u re  4 .3  (a ), w h ile , th e  in se t  o f  F igure 4 .3  
(b ) that is  the p o re  s iz e  d istr ib u tio n  o f  P 2 5 -T iÛ 2  su p port is  q u ite  broad  w h ic h  is not 
o n ly  p resen t in th e  m e so p o r o u s  reg io n  (b e tw e e n  2 to 5 0  n m ) but a ls o  e x is t  in the  
m a cro p o ro u s  r e g io n  (>  5 0  n m ).

In c a se  o f  P d /T i0 2 ca ta ly s ts , S G -IW I. S G -P C D  and S S S G  ca ta ly sts  
e x h ib ite d  the ty p ic a l IU P A C  ty p e  IV  pattern  w ith  the H 2  h y s te r e s is  lo o p  that is the  
m e so p o r o u s  ch a ra c ter is tic , in c lu d in g  w ith  th e  very  n arro w  p o re  s iz e  d istr ib u tio n  that 
p resen t in th e  m e so p o r o u s  r e g io n  as sh o w n  in  F ig u re  4 .4 . O n  th e  o th er hand, 
P 2 5 -IW I and P 2 5 -P C D  ca ta ly s t  sh o w e d  th e  ty p ica l IU P A C  ty p e  II pattern  and th e  
broad  p ore s iz e  d istr ib u tio n  w h ic h  are s im ila r  to th o se  o f  P 2 5 -T iÛ 2  su p p o rt as sh o w n  
in  F ig u re  4 .5 .

T h e  textu ra l p rop erties o b ta in e d  from  th e  N 2  a d so rp tio n -d eso rp tio n  
iso th erm  ( i .e .,  B E T  su r fa ce  area, m ean  p o r e  d ia m eter , an d  to ta l p ore  v o lu m e )  o f  the  
c a ta ly s ts  are su m m a r iz e d  in  T a b le  4 .1 . It is  c lea r ly  s e e n  that th e  su rfa ce  area o f  
S G -T iÛ 2  su p p ort w a s  m u ch  h ig h er  than that o f  the c o m m e r c ia l P 2 5  TiC > 2  su p port, 
w h ic h  m ay  co n tr ib u te  to  th e  h ig h  a c tiv ity  fo r  the d e o x y g e n a tio n  o f  b e e f  fat for the  
p ro d u ctio n  o f  h y d r o g e n a te d  b io d ie se l. F or  Pd/T iC > 2  c a ta ly s ts , it is  se e n  that th e  
su r fa ce  area o f  lo a d e d  c a ta ly s ts  w a s  lo w e r  w h e n  c o m p a r e d  to th e  u n lo a d ed  TiC > 2  

su p port. O n  th e con trary , S S S G  ca ta ly st s h o w e d  the h ig h e s t  su r fa ce  area  a lth o u g h  Pd  
w a s  lo a d ed  o n  th e  su p port. It m a y  resu lt in  th e  h ig h er  th erm a l s ta b ility  o f  the T i 0 2 
su p p ort w ith  P d  lo a d in g  (S r e e th a w o n g  et a i , 2 0 0 6 )  as o b se r v e d  in  T G A  resu lt.
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Figure 4.3 N 2 adsorption-desorption isotherm of TiCb supports: (a) SG-Ti02 and
(b) P25-TiC>2 (inset: pore size distribution).
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R e la t i v e  P r e s s u r e ,  P / P q

(c )
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R e la t iv e  p re s s u r e ,  P /P q

Figure 4.4 N 2 a d so r p tio n -d e so r p tio n  iso th erm  o f  P d /T i0 2 ca ta ly sts:  (a ) S G -IW I, (b) 
S G -P C D , and (c )  S S S G  (in set: p ore s iz e  d istr ib u tio n ).
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R e la t iv e  P r e s s u r e ,  P /P q

Figure 4.5 N 2  a d so r p tio n -d e so r p tio n  iso th erm  o f  P d /T iC > 2  ca ta ly sts:  (a) P 2 5 -IW I, 
and (b )  P 2 5 -P C D  (in se t:  p ore s iz e  d istr ib u tio n ).
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Table 4.1 Textural properties of the catalysts

C a ta ly st
S u rfa ce  area  

(m 2/g )
T o ta l p ore  v o lu m e

(c m 3/g )
M ea n  p ore  d ia m eter  

(n m )
S G - T i0 2 8 9 .6 0 0 .1 7 0 7 .61
P 2 5 - T i0 2 5 0 .5 0 0 .2 3 0 1 8 .5 0
P 2 5 -IW I 4 8 .8 0 0 .2 2 8 1 8 .7 0
S G -IW I 7 7 .3 0 0 .1 8 7 9 .6 6

P 2 5 -P C D 4 9 .7 0 0 .2 3 9 1 6 .8 0

S G -P C D 8 8 .2 0 0 .1 8 2 8 .2 6

S S S G 1 1 3 .0 0 0 .2 0 3 7 .1 9

4 .1 .3  X -ra y  D iffr a c t io n  (X R D )
X R D  a n a ly s is , o n e  o f  the m o st  p o w e r fu l te c h n iq u e s  for  id e n tific a tio n  

o f  c r y s ta llin e  stru ctu re, w a s  e m p lo y e d  to in v e s t ig a te  the c r y s ta llin ity  and  purity o f  
p repared  sa m p le s . T h e  X R D  pattern s o f  a ll c a ta ly s ts  are s h o w n  in  F ig u re  4 .6 . T h e  
X R D  pattern  o f  th e  S G -T iC > 2  ca ta ly st in d ica ted  th e  c r y s ta llin e  stru ctu re o f  the pure 
an a ta se  p h a se  o w in g  to d o m in a n t p eak s at 29  o f  2 5 .2 ° , 3 7 .9 ° , 4 8 .3 ° , 5 3 .8 ° , 6 2 .7 ° , 
6 8 .9 ° , and 7 5 .3 ° , w h ic h  rep resen t the in d ic e s  o f  (1 0 1 ) , ( 1 0 3 ) ,  (2 0 0 ) ,  ( 1 0 5 ) ,  (2 1 3 ) ,  
(1 1 6 ) ,  and (1 0 7 )  p la n e s , r e sp e c tiv e ly . F or c o m m e r c ia l P -2 5  TiC>2 , th e  o c c u ra n ce  o f  
th e  p ea k s  at 29  o f  ab o u t 2 7 .5 ° , 3 6 .0  °, 4 1 .2 ° , 4 4 .1 ° , 5 4 .2 ° , 5 6 .7 ° , 6 4 .2 ° , an d  69 °, w h ich  
co rr esp o n d  to  th e  in d ic e s  o f  ( 1 1 0 ) ,  (1 0 1 ) , ( 1 1 1 ) ,  (2 1 0 ) ,  (2 1 1 ) ,  (2 2 0 ) , ( 3 1 0 ) ,  and (3 0 1 )  
p la n e s , r e s p e c t iv e ly , in d ic a te s  that it c o m p r ise s  a m ix tu re  o f  an a ta se  an d  ru tile  p h ases  
w ith  a p p r o x im a te ly  78%  ru tile  con ten t that is  ca lc u la te d  fro m  X R D  in te n s ity  data b y  
Spurr and  M y e r s ’ m eth o d  a s  illu stra ted  in th e  fo l lo w in g  r e la tio n sh ip s  (S r e e th a w o n g  
et a i ,  2 0 0 9 ) .

W r = 1 + 0 . 8 / /
//?

-1

พA = l - พ R
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W h ere  IA an d  Iff rep resen t th e  in tegra ted  in te n s it ie s  o f  the an a ta se  
(1 0 1 )  and ru tile  (1 1 0 )  d iffra c tio n  p eak s. N o t  o n ly  th e  p h ase  id e n tif ic a t io n , the  
cry sta llite  s iz e  o f  the c a ta ly s ts , e stim a ted  from  lin e  b ro a d en in g  o f  a n a ta se  (1 0 1 )  and  
ru tile  (1 1 0 )  d iffra c tio n  p ea k s  u s in g  S h errer’s eq u a tio n , is  a lso  su m m a rized  in  
T a b le  4 .2 . T h e  resu lts  r e v e a le d  that the cr y sta llite  s iz e  o f  S G -T iC > 2  an d  Pd su p p orted  
S G -T iC > 2  c a ta ly s t  is  in  th e  ran g e  o f  1 3 -1 4  n m . W ith  th e  P 2 5 -T i0 2  an d  Pd su p p orted  
P25-TiC>2 c a ta ly s t , th e  c r y s ta llite  s iz e  are in the ran ge o f  1 8 -2 2  n m  an d  8 -1 2  n m  for  
an atase  and ru tile  p h a se , r e sp e c tiv e ly .

N e v e r th e le s s , th e  p r esen ce  o f  Pd o w in g  to  d o m in a n t p ea k s  at 4 0  (P d
(1 1 1 )) , 4 6 .5  (P d  (2 0 0 ) ) ,  and  6 8  (P d  (2 2 1 ) )  co u ld  n o t b e  o b se r v e d  at all o f  th e  
p a lla d iu m  su p p o rted  tita n ia  ca ta ly s ts , l ik e ly  du e to th e  c o m b in a tio n  o f  their lo w  
c o n ten t, h ig h  d e g r e e  o f  d isp e r s io n  and sm a ll p artic le  s iz e  (S r e e th a w o n g  et al., 2 0 0 5 ) .

Figure 4.6 XRD patterns of SG-TiÛ2 , P25-Ti02, Pd/Ti02 catalyst: SG-IWI;
P25-IWI; SG-PCD; P25-PCD and ;SSSG (A:anatase, R:rutile).
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Table 4.2 Summary of XRD analysis of catalysts

C a ta ly st P h a se  from  X R D  pattern  R u tile  C r y s ta llite  s iz e  (ทท'!)
ratio (IT r ) A n a ta se  ( 1 0 1 ) R u tile  (1 1 0 )

S G - T i0 2 A n a ta se - 14 .4 3 -
P 2 5 - T i 0 2 A n a ta se + R u tile 0 .2 2 2 0 .4 5 8 .6 2
S G -IW I A n a ta se - 1 4 .1 8 -
P 25-1W I A n a ta se + R u tile 0 .2 5 2 1 .7 2 1 1 .9 6
S G -P C D A n a ta se - 1 3 .0 2 -
P 2 5 -P C D A n a ta se + R u tile 0 .2 4 1 8 .8 0 8.41
S S S G A n a ta se - 8 .5 7 -

4 .1 .4  A to m ic  A b so rp tio n  S p e c tr o sc o p y  ( A A S )
A to m ic  a b so rp tio n  sp e c tr o sc o p y  (A A S )  is  c o n s id e r e d  as a 

sp ec tr o a n a ly tic a l te c h n iq u e  for th e  q u an tita tive  d eterm in a tio n  o f  c h e m ic a l e le m e n ts .  
T h ere fo re , th is  te c h n iq u e  w a s  e m p lo y e d  to d eterm in e  the a ctu a l m eta l lo a d in g  o f  the  
Pd su p p o rted  TiC > 2  ca ta ly s ts . T h e A A S  resu lts  are su m m a rized  in  T a b le  4 .3 . T h e  
resu lts  r e v e a le d  the p r e se n c e  o f  Pd o n  th e  TiC> 2  su p p ort in h ig h e r  a m o u n t b y  u s in g  
in c ip ie n t w e tn e s s  im p reg n a tio n  m e th o d  co m p a red  w ith  s in g le -s t e p  s o l-g e l  m eth o d  
and p h o to c h e m ic a l d e p o s it io n  m eth o d , r e sp e c tiv e ly . T h e  a ctu a l m eta l lo a d in g  o f  
S S S G  c a ta ly s t  sh o u ld  b e  c lo s e  to 1 w t%  but it ap p eared  o n ly  0 .8 3  w t% . T h e  la c k in g  
o f  th e  m eta l p a r tic le s  m a y  d u e to g o o d  d isp e r s io n  in  the m e s o p o r e  structure d u rin g  
s o l-g e l  fo rm a tio n  w h ic h  is  m ore  d if f ic u lt  to  c o m p le te ly  d ig e s t  b y  aqua r e g ia  or  
n itro h y d ro ch lo r ic  a c id  in  2  h. M o reo v er , p a lla d iu m  m eta l p a r t ic le s  can  b e d e p o s ite d  
b y  p h o to c h e m ic a l d e p o s it io n  m eth o d  o n  titan ia  su p p ort in lo w  am o u n t. P aram eters  
that m a y  a ffe c t  th e  resu lts  c o u ld  b e the typ e  o f  H g  la m p  ( lo w , h ig h  p ressu re), 
d u ration  o f  irrad ia tion , and  p a lla d iu m  precursor.
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Table 4.3 The actual metal loading of the catalysts

C a ta ly st A c tu a l m eta l lo a d in g  (พ t% )
S G -IW I 0 .9 2
P 2 5 -IW I 0 .9 6
S G -P C D 0 .6 4
P 2 5 -P C D 0 .7 3
S S S G 0 .8 3

4 .1 .5  H y d r o g e n  C h em iso rp tio n
T h e  red u ced  ca ta ly s ts  w er e  ch a ra cter ized  to  d e te r m in e  th e  d isp e r s io n  

o f  Pd o n  th e  su r fa ce  o f  ca ta ly sts . T h e  d isp e r s io n  w a s  c a lc u la te d  from  th e  a m o u n t o f  
แ 2 c o n su m e d  o n  th e  Pd su rfa ce , a ssu m in g  th e  P d:H  s to ic h io m e tr y  to  b e  u n ity . 
T h e r esu lts  are sh o w n  in T a b le  4 .4 . S S S G  p ro v id ed  the h ig h e s t  P d  d isp e r s io n  a m o n g  
oth er Pd/T iC > 2  c a ta ly s ts . P a lla d iu m  ion  m a y  w e l l  d isp e r se  in  m e so p o r e  o f  TiC > 2  

su p port d u rin g  s o l - g e l  p r o c e ss  w ith  su r fa c ta n t-a ss is te d  te m p la t in g  m eth o d . 
F u rth erm ore, th e  h ig h e r  su rfa ce  area o f  su p p o rt a lso  p r o v id e s  the h ig h e r  m eta l 
d isp e r s io n  as s e e n  in  the d if fe r e n c e  b e tw e e n  p a lla d iu m  lo a d e d  o n  S G -T iC > 2  support  
and that o n  P25-TiC>2 support. (B onarow ska et a i,  2000  and C a s te l la z z i et al, 2 0 1 0 )

T a b l e  4 .4  T h e p ercen t m eta l d isp e r s io n  o f  p a lla d iu m  su p p o rted  t ita n ia  c a ta ly s ts

C a ta ly st Pd d isp e r s io n  (% )*
S G -IW I 2 6 .7 3
P 2 5 -IW I 3 .61
S G -P C D 1 3 .7 4
P 2 5 -P C D 4 .4 5
S S S G 3 4 .8 8
* A n a ly z e d  b y  h y d r o g e n  c h e m iso r p tio n s  at 11 0  ° c  a ssu m in g  th e  P d:H  s to ic h io m e tr y  
to b e  u n ity
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4 .1 .6  T em p era tu re-P ro g ra m m ed  O x id a tio n  (T P O )
T h e  T P O  p r o file s  and  a m o u n ts o f  c o k e  d e p o s it  o f  sp en t c a ta ly s ts  (after  

6 T O S ) are illu stra ted  in  F ig u re  4 .7  and T a b le  4 .5 , r e s p e c t iv e ly . For a ll P d -su p p orted  
tita n ia  c a ta ly s ts , th e  p ea k s  o b se r v e d  at tem p era tu res b e lo w  4 0 0  °c rep resen ted  the  
w e a k ly  c o k e  d e p o s it  o n  the su p port. P 2 5 -P C D  and P 2 5 -IW I c a ta ly s ts  sh o w e d  the 
h ig h  c o k e  fo rm a tio n  o f  1 0 .7 9  and  1 0 .4 2  w t.% , r e s p e c t iv e ly , w h e r e a s  S G -IW I, S S S G , 
and  S G -P C D  c a ta ly s t  sh o w e d  th e  lo w  c o k e  fo rm a tio n  a m o n g  o th er  P d /T iC h  ca ta ly sts  
(7 .5 5 , 8 .0 4 , and  8 .9 2  w t.% , r e sp e c tiv e ly ) . T h e  lo w  c o k e  d e p o s it  c o u ld  b e  d u e  to their  
h ig h  su r fa ce  area  and  h ig h ly  d isp ersed  m eta l, m in im iz in g  th e  e f fe c t  o f  ca ta ly st  
d e a c tiv a tio n  c a u s e d  b y  s in ter in g  an d /or  c o k in g .

Table 4.5 A m o u n t  o f  carb on  d e p o s it  on  the sp en t c a ta ly s t  a fte r  rea c tio n
C a ta ly st C arb on  d e p o s it  (w t.% )
S G -IW I 7 .5 5
P 2 5 -IW I 1 0 .4 2
S G -P C D 8 .9 2
P 2 5 -P C D 1 0 .7 9
S S S G 8 .0 4
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4 .2  D e o x y g e n a t i o n  o f  B e e f  F a t

4 .2 .1  S tandard  A n a ly s is
T h e  c h e m ic a l standards o f  p rod u cts fr o m  ca ta ly tic  a c t iv ity  testin g  

su c h  as d o d e c a n e  (n -C i 2 ), p en ta d eca n e  (n -C is ) , h e x a d e c a n e  (n -C iô ) , h ep ta d eca n e  
( n - C i7), o c ta d e c a n e  (n -C is ) , e ic o sa n e  (n -C 2 o), h e x a d e c a n o l, o c ta d e c a n o l, p a lm itic  
a c id , o le ic  a c id , stearic  a c id , ester  grou p , m o n o g ly c e r id e  grou p , d ig ly c e r id e  grou p , 
and  tr ig ly c e r id e  grou p  w e r e  a n a ly zed  b y  g a s  ch ro m a to g ra p h  e q u ip p e d  w ith  an F ID  
d e tec to r  (A g i le n t  7 8 9 0 )  to  id en tify  p ea k s  o f  c o m p o s it io n s  o f  fe e d s to c k s ,  
in term ed ia tes  and  p rod u cts. T h e  ch ro m a to g ra m s are s h o w n  in  F ig u r e s  4 .8  - 4 .1 3 .  
T h e  re ten tio n  t im e  and r e sp o n se  factor o f  th e  standards are sh o w n  in  T a b le  4 .6 .

40๓ I

20๓

C 1 5  L

C 1 2

|- |  C 1 6

r l  C17
H  C18

C 2 0

F i g u r e  4 .8  C h ro m a to g ra m s o f  standard n -a lk an es: n -p e n ta d e c a n e , n -h e x a d e c a n e , 
n -h e p ta d e c a n e , n -o c ta d e c a n e .
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Figure 4.9 C h ro m a to g ra m s o f  standard fatty  a lc o h o ls  an d  fa tty  a c id s: h e x a d e c a n o l, 
o c ta d e c a n o l, p a lm itic  a c id , stea r ic  a c id , and  o le ic  a c id .
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Figure 4.10 C h ro m a to g ra m s o f  standard m o n o g ly c e r id e :  m o n o p a lm it in .
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น_________ -J

S tea ry l stea rate

C 1 2 S tea ry l p a lm ita te  — 
P a lm ity l stearate

C 2 0  k

Figure 4.11 C h ro m a to g ra m s o f  standard fa tty  esters: stea ry l p a lm ita te , p a lm ity l 
stearate , steary l stearate .

Figure 4.12 C h ro m a to g ra m s o f  standard d ig ly c e r id e s :  d ip a lm it in  and d istearin .
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Figure 4.13 C h ro m a to g ra m s o f  standard tr ig ly cer id es:  tr ip a lm itin  and tristearin .
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T a b le  4 .6  R e te n tio n  t im e s  and  r e sp o n se  fa c to rs  o f  stan d ard  c h e m ic a ls

Standard c h e m ic a ls R e te n tio n  tim es R e sp o n se  factors

n -P en ta d e c a n e 1 4 .2 0 8 1 .0 3 4
n -H e x a d e c a n e 1 5 .5 0 6 1 .0 2 9
n -H e p ta d e c a n e 1 6 .6 7 9 1 .0 2 9
n -O c ta d e c a n e 1 7 .9 0 4 1 .0 4 7

H e x a d e c a n o l 2 0 .7 0 7 1 .092
O c ta d e c a n o l 2 7 .2 9 3 1 .078
P a lm itic  acid 2 2 .8 7 8 1 .103
S tea r ic  ac id 2 9 .0 8 2 1 .045
O le ic  a c id 2 8 .6 0 0 0 .9 8 5

S tea ry l p a lm ita te
3 5 .5 6 2

1 .0 7 7
P a lm ity l stearate 0 .9 1 2
S tea ry l stearate 3 6 .1 3 2 0 .9 7 5

M o n o p a lm itin 3 2 .8 3 5 1 .103

D ip a lm itin 3 6 .5 5 9 0 .9 7 2
D is te a r in 3 7 .5 5 8 0 .9 7 1

T r ip a lm itin 4 0 .3 2 6 0 .9 8 9
T ristea r in 4 3 .6 8 5 0 .9 4 6
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4 .2 .2  F eed  A n a ly s is
T h e  2 0  v o l.%  b e e f  o il in d o d e c a n e  w a s  a n a ly z e d  w ith  gas  

ch rom a to grap h  to  id e n tify  its  c o m p o n e n ts . T h e g a s  ch ro m a to g ra p h  and c o m p o s it io n  
o f  b e e f  fat a s  sh o w n  in  F ig u re  4 .1 4  and  T a b le  4 .7 ,  r e s p e c t iv e ly , revea l that b e e f  o il  
con ta in  tr ig ly c e r id e  a s  m a in  c o m p o n e n t  w ith  trace am o u n t o f  free  fatty a c id  (e .g . 
o le ic  ac id  and  stea r ic  a c id ). B e s id e s , th e  fatty a c id  c o m p o s it io n  o f  b e e f  o il a n a ly zed  
b y  A O A C  9 6 6 .0 6 -G C  m eth o d  is  lis te d  in T a b le  4 .8 .

pA I 
180

140 -

120 \

60 i

ILJ J lui_-Li.

£ 2 0  T r ig ly cer id e
___  I

— I P a lm itic  a c id  1
j O le ic  ac id  
-I S tea r ic  acid

D ig ly c e r id e

น

I I

. . J - 1

K

~ g ~

F ig u r e  4 ,1 4  C h ro m a to g ra m  o f  2 0  v o l%  b e e f  o il in  d o d e c a n e .

T a b le  4 .7  C o m p o s it io n  o f  b e e f  fat fe e d s to c k

C o m p o n e n t C o m p o s i t io n  (w t . % )

T r ig ly c e r id e s  7 9 .8 4
D ig ly c e r id e s  1 0 .6 0

O le ic  ac id  5 .1 3
P a lm itic  ac id  2 .8 4
S tea ric  ac id  1 .59
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T a b le  4 .8  F atty  a c id  c o m p o s it io n  o f  b e e f  fat*

F atty  A c id A c r o n y m F orm u la B e e f  Fat 
(w t. % )

S aturated  Fat 4 7 .2 0
C a p ry lic  acid 8 : 0 c 8 h 1 6 o 2 0 . 0 2

C ap ric  ac id 1 0 : 0 C 1 0 H 2 0 O 2 0 .0 5
L aurie acid 1 2 : 0 C 1 2 H 2 4 O 2 0 . 1 1

M y rist ic  ac id 14:0 C 1 4 H 2 8 O 2 3.3
15 :0 C 1 5 H 3 0 O 2 0 .3 9

P a lm itic  acid 16:0 C 1 6 H 3 2 O 2 2 6 .1 3
17 :0 c , 7 h 3 4 o 2 0 .6 7

S tea r ic  acid 18 :0 บ 18แ 3 6 0 2 1 6 .3 8
A r a c h id ic  ac id 2 0 : 0 C 2 0 H 4 0 O 2 0 .1 5
B e h e n ic  acid 2 2 : 0 C 2 2 H 4 4 0 2 -
L ig n o c e r ic  ac id 2 4 :0 C 2 4 H 4 8 0 2 -

U n sa tu ra ted  Fat 4 7 .8 7
M o n o u n sa tu ra ted  F atty  A c id 4 6 .5 0
M y r is to le ic  a c id 14:1 บ , 4บ 2 6 0 2 1 .0 7
P a lm ito le ic  ac id 16:1 C 1 6 H 3 0 O 2 0 .8 4
c is -9 -O le ic  acid 18:1 C , 8H 340 2 4 0 .7 1
c is - 1 1 -E ic o s e n o ic  ac id 2 0 : 1 บ 20บ 38บ 2 0 . 8 8

E ru e ic  ac id 2 2 : 1 C 2 2 H 4 2 O 2 -
N e r v o n ic  acid 24 :1 C 2 4 H 4 6 O 2 -

P o ly u n sa tu ra ted  F atty  A c id 1 .3 7
c is - 9 , 1 2 -L in o le ic  ac id 18 :2 C 1 8 H 3 2 O 2 1 .18
a -L in o le n ic  a c id 18:3 C 1 8 H 3 0 O 2 0 .0 8
c is -1 1 ,1 4 -E ic o s a d ie n o ic  acid 2 0 : 2 C 2 0 H 3 6 O 2 -
A r a c h id o n ic  a c id 2 0 :4 C 2 0 H 3 2 O 2 -
c i s - 8 ,1 1 ,1 4 -E ic o sa tr ie n o ic  ac id 2 0 :3 C 2 0 H 3 4 O 2 0 .0 6
c is -8 ,1 4 ,1 7 -E ic o s a tr ie n o ic  a c id 2 0 :3 C 2 0 F I 3 4 O 2 0 .0 5
4 ,7 ,1 0 ,1 3 ,1 6 ,1 9 -D o c a s a h e x a e n o ic  acid 2 2 : 6 C 2 2 H 3 2 O 2 -

*D a ta  from  C en tra l L aboratory  (T h a ilan d ) C o .,L td .



63

4 .2 .3  E ffe c t  o f  C a ta ly s t  P reparation  o n  the D e o x y g e n a t io n  o f  B e e f  Fat o v er  
Pd S u p p o rted  T ita n ia  C a ta ly sts

A  b la n k  te st  for d e o x y g e n a tio n  o f  tr ig ly c e r id e  o f  b e e f  fat w a s  p erfo rm ed  in  
th e  p r e se n c e  o n ly  c o m m e r c ia l P -2 5  titan ia  su p p ort at co n sta n t c o n d it io n s  under 5 0 0  
p s ig , 3 2 5  ๐c ,  liq u id  h ou rly  s p a c e  v e lo c ity  (L H S V ) o f  1 h '1, and  H 2/fe e d  m o la r  ratio o f  
3 0 . T h e  ex ten t o f  th erm al d e o x y g e n a tio n  u n der th e se  c o n d it io n s  w a s  m inor; the  
resu lts  sh o w e d  that <  5 w t.%  o f  tr ig ly c e r id e s  w a s  co n v e r te d . T h e  m a in  p roducts  
fo rm ed  w ere  free  fatty  a c id  (p a lm itic  a c id , o le ic  a c id , and  stea r ic  a c id ), h ea v y  ester, 
and d ig ly c e r id e s  as su m m a r iz e d  in  T a b le  4 .9 . T h e tr ig ly c e r id e s  o f  b e e f  fat w a s  
h y d ro g en a ted  an d  b rok en  d o w n  in to  th ese  v a r io u s  u n d esired  p rod u cts  co n s id e r e d  as  
th e  in term ed ia tes .

H e te r o g e n e o u s  c a ta ly t ic  tr ig ly cer id e  d e o x y g e n a tio n  under th e  sa m e  con stan t  
tem p era tu re, rea c tio n  p ressu re , and H 2/fe e d  m o la r  ratio w ith  the therm al 
d e o x y g e n a tio n  w a s  c o n d u c te d  v ia  liq u id  h o u r ly  sp a c e  v e lo c i ty  (L H S V ) o f  1 and 2 h"1 
T h e resu lts  s h o w e d  that b e e f  fat can  b e c o n v e r te d  to  p a ra ffin ic  h yd ro ca rb o n s that 
h a v e  carb on  a to m  in d ie s e l  s p e c if ic a t io n  ran ge ( C l 5 to  C 1 8  h y d ro ca rb o n s). T h e  
m ajor p ro d u cts  from  b e e f  fa t are n -h ep ta d eca n e  (n -C 1 7 )  an d  n -p e n ta d e c a n e  (n -C 1 5 ), 
a lk an e p ro d u cts  that h a v e  o n e  carb on  a tom  le s s  than th e  o r ig in a l fa tty  a c id s  in each  
o il m o le c u le , in d ica te  that th e  d e o x y g e n a tio n  o f  b e e f  fat o v e r  P d /T i0 2 ca ta ly sts  
ten d s  to u n d er g o  d e c a r b o x y la t io n /d e c a r b o n y la t io n  p a th w a y  rather than  
h y d r o g e n a tio n  p a th w a y  (H u b er  et a l ,  2 0 0 7 , S n are et a l ,  2 0 0 6 ) . T h e  sm a ll d ifferen ce  
can  b e n o t ic e d  from  the c a ta ly t ic  a c t iv ity  and  s e le c t iv ity  o n  th e d e o x y g e n a tio n  o f  
b e e f  fat o v e r  1 w t%  Pd su p p o rted  T i 0 2 c a ta ly s ts  prep ared  b y  in c ip ie n t  w e tn e ss  
im p reg n a tio n  (IW I) u s in g  b o th  S G - T i0 2 an d  P 2 5 - T i0 2 su p p ort (P 2 5 -IW I and S G -  
IW I c a ta ly s ts ) . T h e  a b o v e  ca ta ly s ts  g a v e  th e a v e r a g e  c o n v e r s io n  o f  tr ig ly cer id es  
ab o u t 9 0 -1 0 0  % and 6 0 -7 0  % in  c a se  o f  the s e le c t iv ity  to  th e  d e s ir e d  p rod u cts as 
su m m a rized  in  T a b le  4 .1 0 .

A s  m e n tio n e d  p r e v io u s ly , there w a s  o n ly  s m a ll d if fe r e n c e  o f  the ca ta ly tic  
a c t iv ity  and  s e le c t iv ity  o f  th e  d es ired  p ro d u cts  b e tw e e n  P 2 5 -IW I and S G -IW I  
c a ta ly s ts  in  b o th  liq u id  h o u r ly  sp a ce  v e lo c i ty  (L H S V ) o f  1 and  2  h '1. For a m ore  
e x te n s iv e  in v e s t ig a t io n , th e  d e o x y g e n a tio n  o f  tr ig ly c e r id e  o f  b e e f  fat o v e r  p a llad iu m
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su p p o rted  t ita n ia  c a ta ly s ts  u n d er s im ila r  reac tio n  c o n d it io n  as u se d  in  the p r ev io u s  
w a s  c o n d u c te d  v ia  liq u id  h o u r ly  sp a ce  v e lo c ity  (L H S V ) o f  4  h '1. 1 w t%  Pd su p p orted  
TiC > 2  c a ta ly s ts  prep ared  b y  in c ip ien t w e tn e s s  im p reg n a tio n  (IW I) an d  p h o to c h e m ic a l  
d e p o s it io n  (P C D ) u s in g  b o th  SG -T iC > 2  and P 2 5 -T iÛ 2  su p p ort w e r e  carr ied  ou t o n  the  
d e o x y g e n a tio n  w ith  the liq u id  h ou rly  sp a c e  v e lo c i ty  o f  4  h"1. M o r e o v e r , P d /T i0 2  
ca ta ly s t  sy n th e s iz e d  v ia  a  c o m b in e d  s in g le -s te p  s o l -g e l  p r o c e s s  (S S S G )  w ith  
su r fa c ta n t-a ss is ted  te m p la t in g  m eth o d  (S A T M ) w a s  c o n d u c te d  to c o m p a r e  w ith  o th er  
m eth o d s. T h e  prep ared  c a ta ly s ts  w er e  te sted  for their  c a ta ly tic  a c t iv ity  and se le c t iv ity  
in d e o x y g e n a tio n  o f  b e e f  fat to  h yd ro g en a ted  b io d ie s e l in  a c o n t in u o u s  f lo w  f ix e d  
b ed  reactor  at the sa m e  co n d it io n . T h e  resu lts  s h o w e d  that th e  b e e f  fat can  be  
c o n v er ted  to  p a ra ffin ic  h yd ro carb on s that h a v e  carb o n  a tom  in  d ie s e l  sp e c if ic a t io n  
ran ge ( C l 5 to C l 8 h y d ro ca rb o n s) o v e r  a ll c a ta ly s ts  as sh o w n  in  F ig u re . 4 .1 5  -  4 .1 9  
and su m m a r iz e d  in T a b le  4 .6 . T h e m ajor p rod u cts  fro m  b e e f  fat are n -h ep ta d eca n e  
(n -C 1 7 )  and n -p e n ta d e c a n e  (n -C 1 5 )  as e x p la in e d  in c a se  o f  L H S V  o f  1 and 2 h '1.

1 w t.%  P d/T iC > 2  ca ta ly s t  sy n th e s iz e d  v ia  a  c o m b in e d  s in g le -s te p  s o l-g e l  
p ro c e ss  w ith  S A T M  ( S S S G )  w a s  s u c c e s s fu lly  a c h ie v e d  w ith  th e  h ig h e r  a c tiv ity  and  
se le c t iv ity  to  th e  d e s ir e d  p rod u cts. S S S G  ca ta ly st g a v e  the a v e r a g e  c o n v e r s io n  o f  
tr ig ly c e r id e s  ab o u t 8 0 -9 0  % . B e s id e , S S S G  ca ta ly s t  w a s  a lso  an  e x c e lle n t  ca ta ly s t  for  
s e le c t iv e  d e o x y g e n a tio n  o f  b e e f  fat to  h yd ro carb on  in  d ie se l s p e c if ic a t io n  range. T h e  
se le c t iv ity  to  d ie se l ran g e  h yd ro carb on  w a s  v ery  h ig h , 8 0  %, w h i le  th e  s e le c t iv ity  to  
in term ed ia tes  (p a lm itic  a c id , o le ic  a c id , stea r ic  a c id , h e a v y  e s te r s , an d  d ig ly c e r id e s )  
w a s  1 2 -1 4  %. F rom  th e  resu lt, it m a y  c a u se  b y  th e h ig h e s t  su r fa c e  area o f  S S S G  
ca ta ly s t  (1 1 3  m 2g _l) a m o n g  o th er P d /T i0 2  ca ta ly s ts  a s  s h o w n  in  T a b le  4 .1 . P a lla d iu m  
io n  ten d s  to  w e l l  d isp e r se  in  m e so p o r e  o f  T i 0 2  su p p o rt d u rin g  s o l - g e l  p r o c e ss  w ith  
su r fa c ta n t-a ss is ted  te m p la tin g  m eth o d . T h e h ig h  su r fa ce  area  an d  h ig h  m eta l 
d isp ers io n  o n  th e  su p p o rt o f  S S S G  ca ta ly s t  m a y  resu lt  in th e  in c r e a se d  a c c e ss ib ili ty  
o f  reactan t to  th e  c a ta ly s t  su rfa ce  a c tiv e  s ite s  e x is t in g  a lo n g  the m e so p o r o u s  n etw ork .

P 2 5 -IW I c a ta ly s t  g a v e  the lo w e s t  a v era g e  c o n v e r s io n  o f  2 0 - 4 0  % , as s h o w n  in  
F igu re  4 .1 4 . T h e  m a in  p ro d u cts  w er e  n -h e p ta d e c a n e  and n -p e n ta d e c a n e , resu ltin g  
from  d e c a r b o x y la t io n /d e c a r b o n y la t io n  p a th w a y . T h e  d es ired  p ro d u ct (h y d rocarb o n  in  
d ie se l ran g e , C 1 5 -C 1 8 )  s e le c t iv ity  a c h ie v e d  a lm o s t  6 0  w t.% . In ad d itio n , the  
in term ed ia tes  (p a lm itic  a c id , o le ic  a c id , stea r ic  a c id , d ig ly c e r id e  an d  h e a v y  ester)
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w ere o b se r v e d  ab o u t 4 0 -4 5  w t.% . T h e  lo w e s t  c o n v e r s io n  o f  tr ig ly c e r id e  o v e r  P d -IW I  
ca ta ly st a m o n g  o th er c a ta ly s ts  can  b e referred  to  th e  h ig h  c o k e  d e p o s it io n  o f  1 0 .4 2  
w t.%  as s h o w n  in  T P O  resu lts .

In c o m p a r a tiv e  s tu d y  b e tw e e n  the e f fe c t  o f  in c ip ien t w e tn e s s  im p reg n a tio n  
(IW I) and  p h o to c h e m ic a l d e p o s it io n  (P C D ) o n  th e  d e o x y g e n a tio n  o f  b e e f  fat for the  
p ro d u ctio n  o f  h y d r o g e n a te d  b io d ie se l, th e  resu lts  sh o w e d  that P d /T iÛ 2  prepared  b y  
p h o to c h e m ic a l d e p o s it io n  m eth o d  g a v e  th e  h ig h er  c o n v e r s io n  o f  tr ig ly c e r id e s  o n ly  in  
c a se  o f  u s in g  P25-TiC>2 as the su p port. O n th e  o th er  h an d , p a lla d iu m  su p p orted  
S G -T i0 2  p repared  b y  in c ip ie n t  w e tn e s s  im p reg n a tio n  g a v e  th e h ig h e r  c o n v e r s io n  o f  
tr ig ly c e r id e s  w h e n  co m p a r e d  to the o n e  p rep ared  v ia  p h o to c h e m ic a l d e p o s it io n . 
T h e o v e r a ll resu lts  co r r e sp o n d  to th e  p a lla d iu m  d isp e r s io n  o n  th e  tita n ia  su p p ort in  
the f o l lo w in g  order: S G -IW I >  S G -P C D  >  P 2 5 -P C D  >  P 2 5 -IW I.

In th e e f fe c t  o f  su p p ort, p a lla d iu m  lo a d e d  o n  S G -T i0 2  su p p ort v ia  b oth  
in c ip ien t w e tn e s s  im p reg n a tio n  (S G -IW I) and p h o to c h e m ic a l d e p o s it io n  (S G -P C D )  
g a v e  th e  h ig h e r  c o n v e r s io n  o f  tr ig ly c e r id e  (4 0 -7 0  w t.% ) and h ig h e r  s e le c t iv ity  to the  
d esired  p rod u cts  (6 0 - 7 0  w t.% ) a s  a resu lt o f  the h ig h er  su r fa c e  area o f  S G -T iC > 2  

su p port ( 8 9 .6  m V )  co m p a r e d  to P 2 5 -T iÛ 2  su p p ort (5 0 .5  m 2g _1). T h e  h ig h er  su rfa ce  
area p r o v id e s  th e  h ig h e r  m eta l d isp e r s io n  r esu ltin g  in the larger  th e  fraction  o f  the  
m eta l a to m s that are e x p o s e d  at su r fa c e s , w h e r e  th e y  are a c c e s s ib le  to reactan t 
m o le c u le s  and  a v a ila b le  fo r  c a ta ly s is  (Z h a n g , et al. ( 2 0 0 4 ) ) .
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- • -  C 1 5 - C 18
P a lm it ic  A c id  
O le ic  A c id  
S te a r ic  A c id  
H e a v y  E s te r  
D ig ly c e r id e  
C o n v e rs io n

F ig u r e  4 .1 5  C o n v e r s io n  o f  tr ig ly c e r id e  and s e le c t iv ity  as a  fu n c tio n  o f  t im e  on  
stream  o f  P 2 5 -IW I c a ta ly s t  (r e a c tio n  c o n d itio n : 5 0 0  p s ig , 3 2 5  ๐c ,  L H S V  o f  4  h '1, and  
H 2 /f e e d  m o lar  ratio  o f  3 0 ).

C 1 5 - C 18
P a lm it ic  A c id  
O le ic  A c id  
S te a r ic  A c id  
H e a v y  E s te r  
D ig ly c e r id e  
C o n v e rs io n

F ig u r e  4 .1 6  C o n v e r s io n  o f  tr ig ly c e r id e  and s e le c t iv ity  a s  a  fu n c tio n  o f  t im e  on  
stream  o f  S G -IW I c a ta ly s t  (r e a c tio n  c o n d itio n : 5 0 0  p s ig , 3 2 5  ๐c ,  L H S V  o f  4  h '1, and
H2/feed molar ratio of 30).
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- • —  C 1 5 - C 18 
—o —  P a lm it ic  A c id  

■  O le ic  A c id  
—X —  S t e a r ic  A c id  

g> H e a v y  E s te r  
❖  D ig ly c e r id e  

—A —  C o n v e rs io n

F ig u r e  4 .1 7  C o n v e r s io n  o f  tr ig ly cer id e  an d  s e le c t iv ity  a s  a fu n c tio n  o f  t im e  on  
stream  o f  P 2 5 -P C D  ca ta ly st (rea c tio n  c o n d itio n : 5 0 0  p s ig , 3 2 5  ๐c ,  L H S V  o f  4 h"1, 
and F ^ /feed  m o la r  ratio  o f  3 0 ).

- ♦ -  C 1 5 - C 18
P a lm it ic  A c id  
O le ic  A d d  
S t e a r ic  A d d  
H e a v y  E s te r  
D ig iy c e r id e  
C o n v e r s io n

F ig u r e  4 .1 8  C o n v e r s io n  o f  tr ig ly cer id e  and  s e le c t iv ity  as a  fu n c tio n  o f  t im e  on  
stream  o f  S G -P C D  c a ta ly s t  (rea c tio n  c o n d itio n : 5 0 0  p s ig , 3 2 5  ° c ,  L H S V  o f  4  h '1, and
H2/feed molar ratio of 30).
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C 1 5 - C 18
P a lm it ic  A c id  
O le ic  A c id  
S te a r ic  A c id  
H e a v y  E s te r  
D ig ly c e r id e  
C o n v e rs io n

F ig u r e  4 .1 9  C o n v e r s io n  o f  tr ig ly cer id e  and s e le c t iv ity  as a fu n c t io n  o f  tim e  on  
stream  o f  S S S G  ca ta ly st (rea c tio n  c o n d itio n : 5 0 0  p s ig , 3 2 5  ๐c ,  L H S V  o f  4  h 1, and  
F C /feed  m o la r  ratio o f  3 0 ).



Table 4.9 Product distribution on the deoxygenation of beef fat over Pd/TiC>2 catalysts.

C a ta ly st P 2 5 - T i 0 2 (B la n k ) P 2 5 -IW I S G -IW I
L H S V  (h '1) 2 2

T im e  o n  stream  (h ) 4 6 4 6 4 6 4 6 4 6
C o n v e r s io n  o f  T r ig ly c e r id e 4 .6 1 4 .9 6 9 7 .0 1 9 6 .9 4 8 9 .6 4 8 7 .8 0 9 8 .0 7 9 7 .9 6 9 4 .8 6 9 4 .7 8

S e le c t iv ity
Total C 15-C 18 - - 6 9 .2 7 6 6 .1 9 6 8 .6 3 6 4 .4 9 6 5 .4 2 6 3 .8 5 6 4 .7 3 6 1 .9 8

n -C 1 5 - - 1 7 .2 5 1 7 .0 6 1 6 .9 9 1 5 .6 5 1 7 .4 5 1 5 .6 7 1 7 .0 0 16 .61
n -C 1 6 - - 5 .8 6 5 .2 8 5 .5 4 5 .5 2 3 .9 2 4 .3 1 4 .8 1 4 .7 0
n -C 1 7 - - 3 7 .1 9 3 5 .7 4 3 6 .6 7 3 3 .9 7 3 7 .8 8 3 6 .8 4 3 5 .6 7 3 3 .8 1
n -C 1 8 - - 8 .9 7 8.11 9 .4 3 9 .3 5 6 .1 7 7 .0 3 7 .2 5 6 .8 6

( C 15 + C 17 ) /(C  16 + C 18) - - 3 .6 7 3 .9 4 3 .5 8 3 .3 3 5 .4 8 4 .6 3 4 .3 7 4 .3 6
In term edia tes 1 0 0 10 0 2 6 .1 4 2 9 .7 9 2 7 .9 7 3 2 .3 0 3 1 .2 4 3 3 .0 4 3 1 .2 8 3 4 .0 7
P a lm itic  a c id 1 9 .7 7 2 0 .0 7 5 .1 3 5.11 2 .7 7 3 .3 3 4 .8 3 4 .7 8 2 .1 8 2 .8 8

O le ic  a c id 2 2 .5 7 21.61 - - - - - - - -
S tea r ic  ac id 1 2 .6 9 1 3 .0 0 9 .5 5 9 .8 5 5 .91 7 .2 2 1 0 .1 5 1 0 .0 2 8 .5 9 9 .6 3

E ster 1 4 .4 3 1 3 .7 3 9 .1 8 1 1 .9 9 17 .01 1 9 .6 3 1 4 .1 8 1 5 .5 7 1 8 .2 2 1 9 .2 3
D ig ly c e r id e 3 0 .5 4 3 1 .5 9 2 .2 8 2 .8 4 2 .2 8 2 .1 2 2 .0 8 2 .6 7 2 .2 9 2 .3 3

O thers - - 4 .5 9 4 .0 2 3 .4 0 3 .2 1 3 .3 4 3.11 3 .9 9 3 .9 5
n -C 1 3 - - 3 .4 0 2 .9 5 2 .3 2 2 .1 4 2 .5 1 2 .2 4 2 .9 1 2 .5 8
n -C l 4 - - 1 .19 1 .0 7 1 .08 1 .0 7 0 .8 3 0 .8 7 1 .0 8 1 .3 7

* R e a c tio n  c o n d it io n : 5 0 0  p s ig , 3 2 5  ๐c ,  an d  H 2 / f e e d  m o la r  ratio  o f  3 0



Table 4.10 Product distribution on the deoxygenation of beef fat over Pd/Ti02 catalysts.

C a ta ly st P 2 5 -IW I S G -IW I P 2 5 -P C D S G -P C D S S S G
T im e  o n  stream  (h ) 4 6 4 6 4 6 4 6 4 6

C o n v e r s io n  o f  
T r ig ly c e r id e s 3 3 .7 0 2 4 .2 4 7 1 .1 1 6 3 .5 6 3 8 .9 2 3 2 .9 6 4 1 .5 7 4 1 .0 1 8 4 .3 4 7 9 .5 1

S e le c t iv ity
Total C 15-C 18 5 0 .5 0 5 2 .5 9 6 6 .5 2 6 1 .6 6 5 1 .0 3 4 8 .8 9 5 7 .8 8 5 4 .8 8 8 2 .6 8 8 0 .1 7

n -C 1 5 1 1 .1 7 1 2 .5 3 1 3 .8 6 1 1 .5 6 1 0 2 9 1 2 .6 7 1 3 .0 8 1 1 .9 7 2 0 .5 4 1 9 .8 2
n -C 1 6 5 .3 1 4 .6 9 8 .7 7 8 .6 4 5 .81 4 .9 1 6 .7 0 7 .0 7 6 .8 8 7 .2 3
n -C 1 7 2 4 .4 6 2 7 .0 5 2 8 .7 5 2 5 .4 9 2 4 .8 9 2 2 .6 8 2 6 .4 9 2 3 .6 6 4 3 .5 6 4 1 .1 9
n -C 1 8 9 .5 6 8 .3 2 1 5 .1 4 1 5 .9 7 1 0 .0 4 8 .6 3 11 .61 1 2 .1 8 1 1 .7 0 11 .9 3

( C 15 + C 17 )/(C  16 + C 18) 2 .4 0 3 .0 4 1 .7 8 1 .4 9 2 .2 2 2 .6 1 2 .1 6 1 .85 3 .4 5 3 .1 8
In term edia tes 4 5 .0 5 4 2 .8 9 2 8 .8 9 3 4 .2 0 4 4 .6 0 4 6 .9 3 3 8 .9 2 4 1 .8 0 1 2 .5 4 1 4 .6 3
P a lm itic  ac id 7 .7 0 7 .2 2 2 .3 7 2 .5 6 7 .2 5 7 .4 0 5 .0 9 4 .0 7 1 .4 2 1 .3 6

O le ic  ac id 2 .5 1 2 .6 5 0 .6 3 0 .9 4 3 .0 8 3 .5 2 2 .2 2 2 .6 1 0 .1 7 0 .2 7
S tea r ic  ac id 1 6 .5 9 1 6 .2 2 7 .1 3 9 .4 8 1 2 .4 2 1 2 .6 3 9 .3 1 1 0 .6 9 3 .3 7 3 .8 9

E ster 1 4 .6 5 1 3 .9 0 1 5 .8 2 1 8 .4 0 1 6 .9 9 1 5 .5 0 1 6 .7 6 1 7 .6 7 6 .91 8 .1 9
D ig ly c e r id e 3 .6 0 2 .9 0 2 .9 4 2 .8 2 4 .8 6 7 .8 8 5 .5 4 6 .7 6 0 .6 7 0 .9 2

O thers 4 .4 5 4 .5 2 4 .5 9 4 .1 4 4 .3 7 4 .1 8 3 .2 0 3 .3 2 4 .7 8 5 .2 0
n -C 1 3 3 .3 9 3 .5 5 2 .9 2 2 .5 7 3 .2 3 3 .21 1 .98 2 .0 2 3 .4 7 3 .7 9
n -C  14 1 .0 6 0 .9 7 1 .6 7 1 .5 7 1 .1 4 0 .9 7 1 .2 2 1 .3 0 1.31 1.41

* R e a c t io n  co n d it io n : 5 0 0  p s ig , 3 2 5  °c, L H S V  o f  4  h '1, an d  H 2 /f e e d  m o la r  ratio  o f  3 0
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