
CHAPTER IV
RESULTS AND DISCUSSION

4.1 Palm Oil Analysis Chromatogram

T h e  c h ro m a to g ra m  o f  p a lm  o il (5 0  w t%  cru d e  p a lm  oil in  n -d o d ecan e ) 
a n a ly z e d  by  a  G C /F ID  w ith  c o o l-o n  c o lu m n  in je c to r  is sh o w n  in F ig u re  4 .1 . T he 
c h ro m a to g ra m  c o n s is ts  o f  2 m a in  p eak s  a t 11, an d  25 m in  w h ic h  c o rre sp o n d in g  to  ท- 
d o d e c a n e  (n -C 1 2 ), an d  n -e ic o sa n e  (n -C 2 0 ) (in te rn a l s ta n d a rd ), re sp ec tiv e ly . T he  
p e a k s  re p re se n t p a lm  oil ap p ea r a t 22 , 28 , an d  3 2 ^ 1 6  m in . T h e  re sp o n se  fa c to r  v a lu e  
o f  p a lm  o il is 1 .0080.

Figure 4.1 T h e  c h ro m a to g ra m  o f  50 w t%  p a lm  o il in  n -d o d ecan e .
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4.2 Standard Analysis Chromatogram

T h e  c h ro m a to g ram  o f  th e  m ix tu re  o f  s ta n d a rd  c h e m ic a ls  (2 4 .9 7  w t%  n -C 1 5 ,
25 .06  w t%  n -C  16, 2 5 .9 4  w t%  n -C 1 7 , 2 4 .0 5  w t%  n -C 1 8 , an d  2 4 .9 9  w t%  n -C 2 0  in  ท- 
d o d ecan e ) is sh o w n  in F ig u re  4 .2 . It sh o w s th a t th e  re te n tio n  tim e s  o f  n -d o d e c a n e  (ท- 
C 12), n -p e n ta d e c an e  (n -C  15), n -h e x a d e c an e  (n -C  16), n -h e p ta d e c a n e  (n -C  17), ท- 
o c tad ecan e  (n-C  18), an d  n -e ico san e  (n -C 2 0 ) a re  11, 15, 16, 17, 19, an d  25 m in , 
re sp ec tiv e ly .

Figure 4.2 T h e  ch ro m a to g ra m  o f  th e  s ta n d a rd  ch e m ic a ls ; d o d e c a n e , p e n ta d e c a n e , 
h ex ad ecan e , h e p ta d e c a n e , o c ta d e c a n e , an d  e ico san e .

T o  find  o u t th e  re sp o n se  fa c to r  v a lu e  o f  e a c h  h y d ro c a rb o n  c o m p o u n d , 
e ico san e  is u sed  as th e  in te rn a l s tan d a rd . T ab le  4.1 sh o w s th e  re sp o n se  fa c to r  o f  each  
su b s tan ce  in  m ix tu re  o f  s tan d ard  c h em ica ls .
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Table 4.1 R esp o n se  fa c to r  o f  e a c h  su b s tan ce  in  th e  re fe ren c e  s ta n d a rd

S u b s tan ces R esp o n se  fac to r
n -P e n ta d e c a n e 1 .0087
n -H e x a d e c an e 1 . 0 0 2 0

n -H e p ta d e c an e 1 .0099
n -O c ta d e c an e 1.0051

4.3 Deoxygenation of Palm Oil over NiMo/AhOj Catalyst

4.3 .1  B lan k  T e s t
T h e  te s t ru n  o f  25 พ t%  p a lm  oil in n -d o d e c a n e  w a s  c o n d u c te d  w ith  a 

su p p o rt: y -A l2 Û 3 (m e sh  size  o f  2 0 /4 0 , tem p e ra tu re  o f  3 2 5 ° c ,  p re s su re  o f  5 0 0  p sig , 
fB /fe e d  m o la r  ra tio  o f  3 0 , and  liq u id  h o u rly  space  v e lo c ity  (L H S V ) o f  0 .05  h"1). T he  
re su lt sh o w s th a t a lk an e  p ro d u c ts  (n -C 1 5 -n -C 1 8 )  d o  no t a p p e a r  on  th e  Y-AI2 O 3 

su p p o rt. T h is  re su lt is in  a g re e m e n t w ith  a  p re v io u s  w o rk  d o n e  by  S en o l an d  c o 
w o rk e rs , (2 0 0 5 ). T h ey  re p o rte d  th a t Y-AI2 O 3 co u ld  c o n v e rt e s te rs  to  c o re sp o n d in g  
a lc o h o ls  an d  ac id s  b u t Y-AI2 O 3 a lo n e  co u ld  n o t do  th e  d e o x y g e n a tio n  o f  m o lecu le s .

4 .3 .2  E ffec t o f  R e a c tio n  P a ra m e te rs
T h e  d e o x y g e n a tio n  o f  p a lm  o il o v e r  NÜVI0 /A I2 O 3 c a ta ly s t w as 

c o n d u c te d  a t v a rio u s  p a ra m e te rs  su c h  as te m p e ra tu re , p ressu re , L H S V , an d  H 2/fe e d  
ra tio  as  sh o w n  in T ab le  4 .2 .
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Table 4.2 E x a m in e d  p a ra m e te rs  fo r d e o x y g e n a tio n  o f  p a lm  o il

R u n
T e m p e ra tu re

(๐๑
P ressu re

(psig)
L H S V

๙ )
H 2/T eed  m o la r ra tio

1 300 500 3 30
2 325 500 3 30
3 350 500 3 30
4 375 500 3 30
5 325 400 3 30
6 325 600 3 30
7 325 700 3 30
8 325 500 5 30
9 325 500 0.5 30

1 0 325 500 0.1 30
1 1 325 500 0.05 30
1 2 325 500 3 15
13 325 500 3 22.5

4 .3 .2 .1  E ffect o f  L iq u id  H o u rly  S p a ce  V elocity  (LHSV)
T o s tu d y  the  e ffe c t o f  th e  liq u id  h o u rly  sp a c e  v e lo c ity , th e  

d e o x y g e n a tio n  o f  25 พt%  p a lm  o il in  n -d o d e c a n e  w as  c o n d u c te d  a t 325°c, 500 p s ig , 
an d  E E /feed  m o la r  ra tio  o f  30. T h e  liq u id  h o u rly  sp ace  v e lo c ity  w as v a r ie d  from  0.05 
to  5 h '1. F ig u re  4 .3  sh o w s th a t th e  p a lm  o il c o n v e rs io n  w as in c re a se d  w ith  c o n ta c t 
tim e  an d  it w as  co m p le te ly  co n v e rted  a fte r  eq u iv a le n t co n ta c t tim e  o f  10 h. In 
ad d itio n , in te rm e d ia te  p ro d u c ts , w h ite  so lid  a p p ea ran ce , are  o b se rv e d  a t lo w  c o n ta c t 
tim e  an d  th e y  are  d e c re a sed  w h e n  th e  eq u iv a le n t c o n ta c t tim e  is fu r th e r  in c rea sed . In  
te rm  o f  to ta l p a ra ff in ic  h y d ro c a rb o n s  th a t  a re  n -C 1 5 , n -C 1 6 , n -C 1 7 , an d  n -C 1 8 , T ab le
4 .3  sh o w s th a t  se lec tiv ity  to  to ta l p a ra ff in ic  h y d ro c a rb o n s  in c rea sed  w ith  eq u iv a len t 
c o n ta c t tim e . M o reo v e r, n -C 1 6  an d  n -C 1 8  w ere  o b ta in e d  as tw o  m a in  p ro d u c ts  a t all 
co n d itio n  te s ted . T h e re fo re , i t  c an  be  re p o r te d  th a t th e  p ro d u c tio n  o f  re n e w a b le  d ie se l



29

fro m  d e o x y g e n a tio n  o f  p a lm  o il o v e r  th e  NÜVI0 /A I2O 3 c a ta ly s t p re fe rs  to  o ccu r v ia  
h y d ro d e o x y g e n a tio n  pa th .

0 . 2 0  0 3 3  2 . 0 0  1 0 . 0 0  2 0 . 0 0
l/L H S V (h )

Q conversion □  n-C14 [D n-C 15 □  ท-C16 Bn-C17 Hn-ClS 0 intermediates

Figure 4.3 C o n v e rs io n  an d  p ro d u c t se le c tiv ity  as a  fu n c tio n  o f  c o n ta c t tim e , 
1 /L H S V  (h ), o v e r  N iM o /A l2 C>3 ( tem p e ra tu re : 3 2 5 ° c ,  p ressu re : 5 0 0  p sig , H 2/feed  
m o la r  ra tio : 30 , an d  T O S : 4 h).

Table 4.3 C o n v e rs io n , n -C 1 8 /n -C 1 7  ra tio , se le c tiv ity  to  in te rm e d ia te  p ro d u c ts , and  
to ta l p a ra ffin ic  h y d ro c a rb o n  o b ta in e d  from  th e  d e o x y g e n a tio n  o f  25 w t%  p a lm  o il in  
d o d e c a n e  o v e r  N iM o /A l2 0 3  a t 3 2 5 ° c ,  500  p s ig , H 2/feed  m o la r  ra tio : 30 , an d  T O S : 4 
h

Equivalent Contact Time, (1/LHSV) 
______________________ 00______________________0.2 0.33 2 10 20

C o n v e rs io n 3 2 .4 6 6 6 .1 4 91 .53 1 0 0 1 0 0

S e lec tiv ity  (พ t% )
In te rm e d ia te  p ro d u c ts 70.41 5 7 .3 4 6 . 1 1 0.95 0 .6 0
T o ta l n -C  15 to  n -C  18 2 8 .0 9 4 0 .2 8 9 2 .8 8 9 7 .33 98 .23

C 18/C 17 ra tio 2 . 2 1 3 .6 6 3 .6 4 5 .22 5 .69
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T o  fu r th e r  u n d e rs ta n d  th e  s tru c tu re  o f  w h ite  so lid , th e  w h ite  
so lid  w as d isso lv e d  in  p y rid in e  an d  s ily la te d  w ith  B S T F A  a f te r  th a t an a ly z e d  b y  
G C /M S  (P eg asu s  M a ss  S e lec tiv e  D e te c to r e q u ip p e d  w ith  6 8 9 0  N e tw o rk  G C  system ). 
T h e  m ass  sp ec tru m  o f  w h ite  so lid  is sh o w n  in  F ig u re  4 .4 . It w a s  fo u n d  th a t  the  m ass 
sp ec tru m  o f  w h ite  so lid  co rre sp o n d s  to  th a t o f  h e x a d e c a n o l, o c tad ecan o l, 
h e x a d e c a n o ic  ac id , an d  o c ta d e c a n o ic  acid . T h e re fo re , it is b e lie v e d  th a t h ex ad ecan o l, 
o c ta d e c a n o l, h e x a d e c a n o ic  ac id , an d  o c ta d e c a n o ic  ac id  are o b se rv e d  as in te rm ed ia te s  
in  th e  d e o x y g e n a tio n  o f  p a lm  o il.
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Figure 4.4 M ass  sp ec tru m  o f  w h ite  so lid  o b ta in e d  from  G C /M S  co m p ared  to  th a t o f  
(a) h e x a d e c a n o l, (b ) o c ta d e c a n o l, (C ) h e x a d e c a n o ic  ac id , an d  (d ) o c ta d e c a n o ic  ac id  
fro m  N IS T  L ib ra ry .
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4 .3 .2 .2  E ffect o f  R eaction  T em pera tu re
T o  s tu d y  th e  e ffe c t o f  th e  reac tio n  te m p e ra tu re , the  

d e o x y g e n a tio n  o f  25 w t%  p a lm  oil in  n -d o d ecan e  w as c o n d u c te d  a t 5 00  p sig , L H S V  
o f  3 h '1, and  F T /feed  m o la r  ra tio  o f  30. T h e  re a c tio n  te m p e ra tu re  w a s  v a r ie d  from  300 
to  3 7 5 ° c .  T h e  re su lts  a re  sh o w n  in F ig u re  4 .5 . P a lm  o il c o n v e rs io n  w as in c reased  
w ith  reac tio n  te m p e ra tu re  w h ile  se lec tiv ity  to  in te rm ed ia te  p ro d u c ts  w as  d ec reased . 
A t th e  te m p e ra tu re  ab o v e  3 2 5 ° c ,  in c re a s in g  th e  te m p e ra tu re  ca u se d  an  in c re a se d  o f  
th e  se lec tiv ity  to w a rd s  l ig h te r  p ro d u c ts . It is p ro b a b ly  d u e  to  th e rm a l c ra c k in g  at h igh  
te m p e ra tu re . In  th e  co n s id e ra tio n  o f  n -C 1 8 /n -C 1 7  ra tio , T ab le  4 .4  sh o w s th a t the 
v a lu e  o f  n -C 1 8 /n -C 1 7  d e c re a sed  w h en  th e  reac tio n  te m p e ra tu re  w as in c reased . 
T h e re fo re , it c a n  be  re p o rte d  th a t th e  d e o x y g e n a tio n  o f  p a lm  o il sh o u ld  be d o n e  a t the 
te m p e ra tu re  in  th e  ran g e  o f  3 0 0  to  3 2 5 ° c  to  in h ib it th e  c ra c k in g  re a c tio n  an d  the 
re a c tio n  v ia  h y d ro d e c a rb o n y la tio n  p a th  is lik e ly  to  o c c u r a t h ig h  te m p e ra tu re .

300 325 350  375
Reaction Temperature (๐Ç)

□  conversiontD n-C14 Œil n-C15 □  n-C16 sa n-C17 ■  r>C18 0  intermediates □  lighter products

Figure 4.5 C o n v e rs io n  an d  p ro d u c t se lec tiv ity  as  a  fu n c tio n  o f  re a c tio n  te m p e ra tu re  
o v e r  N iM o /A l2 0 3  (p ressu re : 500  p s ig , L H S V : 3 h '1, H 2 /fe e d  m o la r  ra tio : 30, and  
T O S : 4 h ) .
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Table 4.4 C o n v e rs io n , n -C 1 8 /n -C 1 7  ra tio , s e le c tiv ity  to  in te rm e d ia te  p ro d u c ts , an d  
to ta l p a ra ffin ic  h y d ro c a rb o n  o b ta in ed  fro m  d e o x y g e n a tio n  o f  25  w t%  p a lm  o il in  
d o d e c a n e  o v e r  N iM o /A fC b  at 500  p s ig , L H S V : 3 h '1, fh / f e e d  m o la r  ra tio : 30 , an d  
T O S : 4 h

Reaction Temperature (๐C )
300 325 350 375

C o n v e rs io n 65.71 6 6 .1 4 8 3 .7 7 87.53
S e le c tiv ity  (w t% )

In te rm e d ia te  p ro d u c ts 6 3 .1 8 5 7 .3 4 4 7 .6 9 4 2 .6 2
L ig h te r  p ro d u c ts - - 3.13 5 .87

T o ta l n -C  15 to  n -C  18 3 5 .4 4 4 0 .2 8 4 6 .3 4 4 7 .5 7
c  1 ร/C  17 ra tio 5 .78 3 .66 2 .3 2 1.73

4 .3 .2 .3  E ffect o f  R eaction  P ressu re
T o s tu d y  th e  e ffe c t o f  th e  re a c tio n  p re ssu re , the  

d e o x y g e n a tio n  o f  25 w t%  p a lm  o il in  n -d o d e c a n e  w a s  c o n d u c te d  a t 3 2 5 ° c ,  L H S V  o f  
3 h '1, an d  H 2 /fe e d  m o la r  ra tio  o f  30. T h e  reac tio n  p re ssu re  w as v a r ie d  fro m  4 0 0  to  
7 0 0  psig . T h e  re su lt w as  sh o w n  in F ig u re  4 .6 . W h e n  th e  re a c tio n  p re ssu re  w as 
in c rea sed , th e  p a lm  o il co n v e rs io n  w a s  a lso  in c rea sed  w h ile  se le c tiv ity  to  
in te rm e d ia te  p ro d u c ts  w as  d ec rea sed . In  te rm  o f  to ta l s e le c tiv ity  to  p a ra ffin ic  
h y d ro c a rb o n s , it w as fo u n d  th a t th e  to ta l s e le c tiv ity  to  p a ra ff in ic  h y d ro c a rb o n s  w as 
in c re a se d  w h e n  in c re a se d  th e  reac tio n  p re ssu re . It is p ro b a b ly  d u e  to  in c re a s in g  o f  
h y d ro g e n  p a rtia l p re ssu re  d riv e  th e  re a c tio n  go  to w a rd  re su ltin g  in  h ig h  p a ra ffin ic  
h y d ro c a rb o n  p ro d u c ts  a t h ig h  h y d ro g e n  p a rtia l p ressu re . M o re o v e r , th e  re su lt 
re v e a le d  th a t th e  n-C  18 /n -C  17 ra tio  ten d s  to  in c rease  w ith  re a c tio n  p re ssu re  as  sh o w n  
in  T ab le  4 .5 . It is due  to  th e  in c rea s in g  in  th e  p ro d u c tio n  o f  n -C  18 a t h ig h  p ressu re . 
T h e re fo re , it c an  b e  re p o rte d  th a t th e  d e o x y g e n a tio n  o f  p a lm  o il o v e r  th e  N iM o /A b C b  
p re fe rs  to  u n d e rg o  h y d ro d e o x y g e n a tio n  e sp e c ia lly  a t h ig h  p ressu re .
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4 0 0  5 0 0  600 700
R eac tio n  P re ssu re  (psig )

0  conversion □  n-C14 0  n-C15 □  I > C 1 6  83 n-C17 ■  n-C18 0  irtermediates

Figure 4.6 C o n v e rs io n  an d  p ro d u c t se lec tiv ity  as  a fu n c tio n  o f  re a c tio n  p re ssu re  
o v e r N iM o /A ^ O î ( tem p e ra tu re : 3 2 5 ° c ,  L H S V : 3 h '1, F b /fe e d  m o la r  ra tio : 30 , and  
T O S : 4  h).

Table 4.5 C o n v e rs io n , n -C 1 8 /n -C 1 7  ra tio , s e le c tiv ity  to  in te rm e d ia te  p ro d u c ts , and  
to ta l p a ra ffin ic  h y d ro c a rb o n  o b ta in e d  fro m  d e o x y g e n a tio n  o f  25  w t%  p a lm  o il in 
d o d e c a n e  o v e r  N iM o /A h C b  a t 3 2 5 ° c ,  L H S V : 3 h '1, H 2/fe e d  m o la r  ra tio : 30 , and  
T O S : 4 h

Reaction Pressure (psig
400 500 600 700

C o n v e rs io n 65 .34 66 .14 88 .50 8 9 .8 7
S e le c tiv ity  (w t% )

In te rm e d ia te  p ro d u c ts 6 3 .8 4 57 .34 4 6 .1 5 38.11
T o ta l n -C  15 to  n -C  18 33 .73 4 0 .2 8 52.31 6 0 .4 6

c 18/ c , 7  ra tio 3 .12 3 .66 3 .23 3 .35
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4 .3 .2 .4  E ffect o f  H 2/F e e d  R a tio
T o  s tu d y  th e  e ffe c t o f  fT /fe e d  ra tio , th e  d e o x y g e n a tio n  o f  25 

พ t%  p a lm  o il in  n -d o d e c a n e  w a s  c o n d u c te d  a t 3 2 5 ° c ,  5 00  p s ig , and  L H S V  o f  3 h ’1. 
T h e  H 2/fe e d  m o la r  ra tio  w as in v e s tig a te d  a t 15, 2 2 .5 , and  30 . F ig u re  4 .7  sh o w s th a t 
w h e n  th e  F F /feed  m o la r  ra tio  w a s  in c re a se d , th e  p a lm  o il c o n v e rs io n  w a s  s lig h tly  
in c reased . M o re o v e r, it w as fo u n d  th a t th e  se le c tiv ity  to  n -h e x a d e c a n e  (n -C 1 6 ) and  ท- 
o c ta d e c a n e  (n -C 1 8 ) in c rea sed  w ith  th e  H 2/fe e d  m o la r  ra tio . T a b le  4 .6  sh o w s  th a t the 
h ig h e r  H 2/fe e d  m o la r  ra tio , th e  h ig h e r  th e  n -C 1 8 /n -C 1 7  is  o b se rv e d  th a t is 
co rre sp o n d s  to  th e  in c re a s in g  o f  se le c tiv ity  to  n -C 1 8  a t h ig h  F F /feed  m o la r  ratio . 
T h e re fo re , th e  d e o x y g e n a tio n  o f  p a lm  o il v ia  h y d ro d e o x y g e n a tio n  p a th  p re fe rs  to  be 
o c c u rre d  at h ig h e r F F /feed  m o la r ra tio , c o m p a re d  to  h y d ro d e c a rb o n y la tio n  p a th .

100 --------------------------------------------------------- --------------------------------------------------------
9 0

8 0

7 0

1 5 . 0  2 2 . 5  3 0 . 0
Tfe/Feed M olar Ratio

□  co nversion  □  n -C 1 4  ŒD n -C 1 5  □  n -C 1 6  EJ n -C 1 7  ■  n -C 1 8  Q  interm ediates

Figure 4.7 C o n v e rs io n  and  p ro d u c t s e le c tiv ity  as  a  fu n c tio n  o f  F F /feed  m o la r  ra tio  
o v e r  N iM o /A F C F  ( tem p e ra tu re : 325°c, p re ssu re : 500  p sig , L H S V : 3 h '1, an d  T O S : 4 
h).
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Table 4.6 C o n v e rs io n , n -C 1 8 /n -C 1 7  ra tio , se le c tiv ity  to  in te rm e d ia te  p ro d u c ts , and  
to ta l p a ra ffin ic  h y d ro c a rb o n  o b ta in e d  fro m  d e o x y g e n a tio n  o f  25 w t%  p a lm  oil in  
d o d e c a n e  o v e r  N iM o /A l2 C>3 a t 325°c, 500 p s ig , L H S V : 3 h '1, an d  T O S : 4 h

H2/Feed Molar Ratio
15 22.5 30

C o n v e rs io n 6 0 .35 65.61 1 0 0

S e le c tiv ity  (w t% )
In te rm ed ia te  p ro d u c ts 6 4 .7 6 62 .40 57 .34
T o ta l n -C  15 to  n -C  18 3 4 .28 36 .65 4 0 .28

C 18/C 17 ra tio 2 .18 2.81 3 .66

4.4 Deoxygenation of Palm Oil over Pd/C Catalyst

4.4 .1  E ffe c t o f  R e a c tio n  P a ra m e te rs
T h e  d e o x y g e n a tio n  o f  p a lm  o il o v e r P d /C  c a ta ly s t w as  c o n d u c te d  a t 

v a r io u s  p a ra m e te rs  su ch  as  te m p e ra tu re , p re s su re , L H S V , a n d  H 2/fe e d  ra tio  as sh o w n  
in  T a b le  4 .7 .
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Table 4.7 E x a m in e d  p a ra m e te rs  fo r d e o x y g e n a tio n  o f  p a lm  o il

R u n T e m p e ra tu re
(°C )

P re ssu re
(psig )

L H S V
๙ )

H 2/F e e d  m o la r  ra tio

1 300 500 3 30
2 325 500 3 30
3 350 500 3 30
4 375 500 3 30
5 325 400 3 30
6 325 600 3 30
7 325 700 3 30
8 325 500 5 30
9 325 500 0.5 30
10 325 500 0.1 30
11 325 500 0.05 30
12 325 500 0.1 15
13 325 500 0.1 22.5

4 .4 .1 .1  E ffect o f  L iq u id  H o u rly  S p a ce  V elocity  (LH SV)
T o  s tu d y  the  e f fe c t o f  th e  liq u id  h o u rly  sp ace  v e lo c ity , th e  

d e o x y g e n a tio n  o f  25 w t%  p a lm  oil in  n -d o d e c a n e  w as c o n d u c te d  a t 3 2 5 ° c ,  500  p s ig , 
an d  H ^/feed  m o la r  ra tio  o f  30 . T h e  liq u id  h o u rly  sp ace  v e lo c ity  w as v a r ie d  from  0 .05  
to  5 h '1. F ig u re  4 .8  show s th a t the  p a lm  o il c o n v e rs io n  a p p ro a c h e d  100%  as th e  
e q u iv a le n t c o n ta c t tim e  in c re a se d  and  it w as  c o m p le te ly  c o n v e rte d  a f te r  e q u iv a le n t 
c o n ta c t tim e  o f  10 h. In a d d itio n , it w as  fo u n d  th a t th e re  a re  a  lo t o f  in te rm e d ia te  
p ro d u c ts  (h e x a d e c an o l, o c ta d e c a n o l, h e x a d e c a n o ic  ac id , an d  o c ta d e c a n o ic  ac id ) w e re  
o b se rv e d  a t lo w  c o n ta c t tim e  an d  th ey  a re  d e c re a sed  w h e n  th e  co n ta c t tim e  is fu rth e r 
in c reased . In  c o n s id e ra tio n  o f  to ta l p a ra ffin ic  h y d ro c a rb o n s , T a b le  4 .8  sh o w s th a t th e  
se lec tiv ity  to  to ta l p a ra ffin ic  h y d ro c a rb o n s  in c rea sed  w ith  c o n ta c t tim e  th a t is 
co rre sp o n d s  to  d e c re a s in g  o f  s e le c tiv ity  to  in te rm ed ia te  p ro d u c ts . A t all co n d itio n
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te s te d , the  re su lt  sh o w ed  th a t n -p e n ta d e c a n e  (ท-C l 5) an d  n -h e p ta d e c an e  (n -C 1 7 ) 
w e re  o b se rv e d  as  tw o  m ain  p ro d u c ts  in  liq u id  ph ase . T h e re fo re , it can  b e  rep o rted  
th a t th e  p ro d u c tio n  o f  ren ew ab le  d ie se l from  th e  d e o x y g e n a tio n  o f  p a lm  o il o v e r the 
P d /C  c a ta ly s t p re fe rs  h y d ro d e c a rb o n y la tio n  p a th .

0 . 2 0  0 . 3 3  2 . 0 0  1 0 . 0 0  2 0 . 0 0

1 /L H S V  (h)
H conversion □ ท-0 4  D n -C 1 5  □  n -C 1 6  H n -C 1 7  ■  n -C 1 8  E2 irterm ediates

Figure 4.8 C o n v e rs io n  and  p ro d u c t se le c tiv ity  as a  fu n c tio n  o f  c o n ta c t tim e , 
1 /L H S V  (h ), o v e r  P d /C  ( te m p e ra tu re : 3 2 5 ° c ,  p ressu re : 5 00  p s ig , H 2 /feed  m o la r  ra tio : 
30 , a n d  T O S : 5 h).

Table 4.8 C o n v e rs io n , n -C 1 8 /n -C 1 7  ra tio , s e le c tiv ity  to  in te rm e d ia te  p ro d u c ts , and  
to ta l p a ra ffin ic  h y d ro c a rb o n  0 o b ta in e d  from  d e o x y g e n a tio n  o f  25 w t%  p a lm  oil in 
d o d e c a n e  o v e r P d /C  at 325°c, 5 00  p s ig , and  H 2 /fe e d  m o la r  ra tio : 30, an d  T O S : 5 h

Equivalent Contact Time, (1/LHSV)
______________________ (h)______________________0.2 0.33 2 10 20

C o n v e rs io n 67.21 7 9 .9 8 9 2 .6 5 100 100
S e le c tiv ity  (w t% )

In te rm e d ia te  p ro d u c ts 82 .55 5 0 .9 4 19.58 1.64 1.03
T o ta l n -C 1 5  to  n -C 1 8 16.82 4 8 .1 0 7 9 .8 6 9 7 .85 9 8 .7 7

C ig /C i7  ra tio 0 .1 6 0 .1 0 0 .08 0 .08 0.08
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4 .4 .1 .2  E ffect o f  R ea c tio n  T em peratu re
T o  s tu d y  th e  e ffe c t o f  th e  re a c tio n  te m p e ra tu re , th e  

d e o x y g e n a tio n  o f  25  w t%  p alm  o il in  n -d o d ecan e  w a s  c o n d u c ted  at 500  p s ig , L H S V  
o f  3 h '1, an d  T h /feed  m o la r  ra tio  o f  30. T h e  re a c tio n  te m p e ra tu re  w as v a rie d  from  300 
to  3 7 5 ° c .  T h e  re su lts  is sh o w n  in  F ig u re  4 .9 . W h en  the  re a c tio n  te m p e ra tu re  w as 
in c rea sed , p a lm  o il c o n v e rs io n  w as a lso  in c rea sed  w h ile  th e  se le c tiv ity  to  
in te rm e d ia te  p ro d u c ts  w as  d e c rea sed . M o reo v e r, it w as  o b se rv ed  tha t th e  se lec tiv ity  
to  lig h te r  p ro d u c ts—  n o n a n e  (C 9 H 2 0 ), d e can e  (C 1 0 H 2 2 ), an d  u n d e c a n e  ( C l  1H 24)—  
in c rea sed  a t the  te m p e ra tu re  ab o v e  3 2 5 ° c .  It is p ro b a b ly  due  to  c ra c k in g  reac tio n . In  
th e  c o n s id e ra tio n  o f  n -C 1 8 /n -C 1 7  ra tio , T ab le  4 .9  sh o w s th a t th e  v a lu e  o f  n -C 1 8 /n - 
C 17  d e c re a sed  w h en  th e  re a c tio n  te m p e ra tu re  is in c reased . T h e re fo re , it can  be 
re p o rte d  th a t th e  d e o x y g e n a tio n  o f  p a lm  o il o v e r P d /C  ca ta ly s t sh o u ld  be d o n e  at the  
te m p e ra tu re  lo w er th a n  3 5 0 ° c  to  in h ib it the  c ra c k in g  re a c tio n  and  th e  re a c tio n  
p re fe rs  to  u n d e rg o  h y d ro d e c a rb o n y la tio n  e sp ec ia lly  a t h ig h  tem p e ra tu re .

Figure 4.9 C o n v e rs io n  an d  p ro d u c t se lec tiv ity  as  a  fu n c tio n  o f  re a c tio n  te m p e ra tu re  
o v e r  P d /C  (p ressu re : 5 0 0  p sig , L H S V : 3 h '1, H 2 /fe e d  m o la r  ra tio : 30 , and  T O S : 4 h).
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Table 4.9 C o n v e rs io n , n -C 1 8 /n -C 1 7  ra tio , s e le c tiv ity  to  in te rm e d ia te  p ro d u c ts , and  
to ta l p a ra ffin ic  h y d ro c a rb o n  o b ta in e d  fro m  d e o x y g e n a tio n  o f  2 5 w t%  p a lm  oil in 
d o d e c a n e  o v e r P d /C  a t 5 0 0  psig , L H S V : 3 h '1, an d  IHh/feed m o la r  ra tio : 30, an d  T O S : 
4 h

Reaction Temperature (๐C)
300 325 350 375

C o n v e rs io n 6 1 .6 4 78 .53 9 4 .0 0 9 4 .6 9
S e lec tiv ity  (พ t% )

In te rm ed ia te  p ro d u c ts 8 8 .44 53 .68 4 4 .8 7 3 8 .5 7
L ig h te r  p ro d u c ts - - 1 . 0 1 1.42

T o ta l n -C  15 to  n -C  18 10.93 4 5 .5 0 5 3 .1 0 5 8 .9 9
C 18/C 17 ra tio 0.23 0 .19 0 .18 0 .13

4 .4 .1 .3  E ffect o f  R ea c tio n  P ressu re
T o  s tu d y  th e  e f fe c t o f  th e  re a c tio n  p re ssu re , the  

d e o x y g e n a tio n  o f  25 w t%  p alm  o il in  n -d o d e c a n e  w as c o n d u c te d  a t 325°c, L H S V  o f  
3 h '1, an d  H 2/Teed m o la r  ra tio  o f  30 . T h e  re a c tio n  p re ssu re  w a s  v a r ie d  at 4 0 0 , 500, 
6 0 0 , an d  700  p sig . T h e  re su lt is sh o w n  in F ig u re  4 .1 0 . T h e  p a lm  o il c o n v e rs io n  w as 
in c re a se d  w h e n  th e  re a c tio n  p re ssu re  w as in c rea sed . In  te rm  o f  to ta l s e le c tiv ity  to 
p a ra ff in ic  h y d ro c a rb o n s , T ab le  4 .1 0  sh o w s th a t to ta l s e le c tiv ity  to  p a ra ffin ic  
h y d ro c a rb o n s  in c re a se d  w ith  th e  re a c tio n  p re s su re  re su ltin g  in  d e c re a s in g  o f  
in te rm e d ia te  p rd u c ts . In  te rm  o f  n -C 1 8 /n -C 1 7  ra tio , th is  ra tio  s lig h tly  d e c re a sed  w ith  
re a c tio n  p ressu re . T h e re fo re , it can  be  re p o rte d  th a t th e  d e o x y g e n a tio n  o f  p a lm  oil 
o v e r  th e  P d /C  c a ta ly s t p re fe rs  to  u n d e rg o  h y d ro d e c a rb o n y la tio n  a t all c o n d itio n  
te s ted .
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4 0 0  5 0 0  6 ๓  700
R e a c tio n  P re s su re  (psig )

□  conversion □ ท-C14 n I> C 15  D r h C l ô  0  n-C 1 7  ■ ท-C18 B intermediates

Figure 4.10 C o n v e rs io n  and  p ro d u c t s e le c tiv ity  as a fu n c tio n  o f  re a c tio n  p re ssu re  
o v e r P d /C  ( tem p e ra tu re : 3 2 5 ° c ,  L H S V : 3 h '1, H 2/fe e d  m o la r  ra tio : 30, an d  T O S : 4  h).

Table 4.10 C o n v e rs io n , n -C 1 8 /n -C 1 7  ra tio , s e le c tiv ity  to  in te rm e d ia te  p ro d u c ts , and 
to ta l p a ra ff in ic  h y d ro c a rb o n  o b ta in e d  fro m  d e o x y g e n a tio n  o f  25 w t%  p a lm  o il in  
d o d e c a n e  o v e r P d /C  c a ta ly s t a t 325°c, H 2 /fe e d  m o la r ra tio : 30, L H S V : 3 hr1, and  
T O S : 4  h

Reaction Pressure (psig)
400 500 600 700

C o n v e rs io n 59 .92 78.53 7 9 .6 4 80 .03
S e lec tiv ity  (w t% )

In te rm e d ia te  p ro d u c ts 89 .28 53 .68 3 6 .0 6 2 6 .5 9
T o ta l n -C  15 to  n -C  18 9 .60 4 5 .4 9 6 3 .33 72.81

c  1 g /c  17 ra tio 0.31 0 .19 0 .17 0 .1 7

4 .4 .1 .4  E ffect o f  H 2/F e e d  R atio
T o  s tu d y  th e  e ffe c t o f  H 2 /fe e d  ra tio , th e  d e o x y g e n a tio n  o f  25 

w t%  p a lm  o il in  n -d o d e c a n e  w as c o n d u c te d  a t 325°c, 500 p s ig , an d  L H S V  o f  3 h '1. 
T he  H 2 /fe e d  m o la r  ra tio  w as  in v e s tig a te d  at 15, 22.5, and  30 m o la r  ra tio . F ig u re  4.11 
sh o w s th a t th e  p a lm  o il c o n v e rs io n  in c re a se d  w ith  H 2 /fe e d  m o la r  ra tio .
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M o re o v e r,T a b le  4 .11 rev ea ls  th a t th e  se lec tiv ity  to  h y d ro c a rb o n  p ro d u c ts  in c reased  
w ith  th e  H 2 /Teed m o la r  ra tio  e sp e c ia lly  n -h e x a d e c an e  (n -C 1 6 ) an d  n -o c ta d e c a n e  (ท- 
C 1 8 ) w h ic h  is lead s  to  th e  h ig h e r n -C 1 8 /n -C 1 7  at h ig h  H ^/feed  m o la r  ra tio . 
T h e re fo re , th e  d e o x y g e n a tio n  o f  p a lm  o il v ia  h y d ro d e o x y g e n a tio n  p a th  is p re fe r  to  be 
o ccu rred  a t h ig h e r H 2 /fe ed  m o la r  ra tio , c o m p a re d  to  h y d ro d e c a rb o n y la tio n  p a th .

f

IOO
90
80
70
60
5 0
40
30
2 0
10

o
15 22.5  30

Hb/Feed Ratio (molar ratio)
□  conversion  □  ท-0 4  QJ 1>C15 □  n -C 1 6  Q  n -C 1 7  ■  n -C 1 8  ra interm ediates

Figure 4.11 C o n v e rs io n  and  p ro d u c t se lec tiv ity  a s  a  fu n c tio n  o f  fT /fe e d  m o la r  ra tio  
o v e r P d /C  ( tem p e ra tu re : 3 2 5 ° c ,  p re ssu re : 500  p s ig , L H S V : 3 h '1, an d  T O S : 4 h).

Table 4.11 C o n v e rs io n , n -C l 8 /n -C 1 7  ra tio , se le c tiv ity  to  in te rm e d ia te  p ro d u c ts , and  
to ta l p a ra ffin ic  h y d ro c a rb o n  o b ta in e d  from  d e o x y g e n a tio n  o f  25 w t%  p a lm  o il in 
d o d e c a n e  o v e r P d /C  a t 3 2 5 ° c ,  500  p s ig , L H S V : 3 h '1, and  T O S : 4 h

H2/Feed Molar Ratio
15 22.5 30

C o n v e rs io n 58.81 6 6 .0 8 78 .53
S e lec tiv ity  (พ t% )

In te rm e d ia te  p ro d u c ts 73.41 7 0 .7 9 53 .68
T o ta l n -C  15 to  n-C  18 2 5 .2 6 2 8 .3 9 4 5 .4 9

c 18/ c , 7  ra tio 0 .09 0 .1 0 0 .19



43

4.5 Proposed Reaction Pathways of the Deoxygenation of Palm Oil

F ro m  th e  lite ra tu re  re v ie w s  (H u b e r  et a l ,  2 0 0 7 ), it w as p ro p o sed  a 
re a c tio n  p a th w a y  fo r co n v e rs io n  o f  tr ig ly c e r id e s  in to  a lk an es . In  th e  first s te p  o f  th is 
re a c tio n  p a th w a y  th e  tr ig ly c e r id e  is h y d ro g e n a te d  an d  b ro k en  d o w n  in to  v a rio u s  
in te rm e d ia te s  w h ic h  th e y  su p p o se  a re  m o n o g ly c e r id e s , d ig ly c e r id e s  and  ca rb o x y lic  
ac id s . T h ese  in te rm e d ia te s  a re  th e n  c o n v e rte d  in to  a lk an es  by  th ree  d iffe ren t 
p a th w a y s : d e c a rb o x y la tio n , d e c a rb o n y la tio n  an d  h y d ro d e o x y g e n a tio n . B ased  on  
th e se  p ro p o se  p a th w a y s , th e  re a c tio n  p a th w ay  o f  d e o x y g e n a tio n  o f  pa lm  o il u n d er 
h y d ro g e n  flo w  can  be  p ro p o sed  in  the  sam e  m an n er. F ris t o f  a ll, p a lm  o il is 
h y d ro g e n a te d  an d  b ro k e n  d ow n  in to  c o rre sp o n d in g  ac id s  th a t a re  h e x a d e c a n o ic  acid  
an d  o c ta d e c a n o ic  ac id , fo llo w ed  by  h y d ro g e n a tio n  o f  c a rb o n y l g ro u p  in to  
h e x a d e c a n o l an d  o c tad ecan o l. A fte r  th a t, h e x a d e c a n o l an d  o c ta d e c a n o l are 
d e h y d ra te d  an d  h y d ro g e n a te d  to  lo n g  ch a in  a lk a n e s  w ith  ca rb o n  a to m s  e q u iv a le n t to  
th e  c a rb o n  a to m s o f  fa tty  ac ids in  e a c h  o il m o le c u le  th a t are  n -h e x a d e c a n e  (n -C 1 6 ) 
an d  n -o c ta d e c an e  (n -C 1 8 ) h a v in g  H 2O  as b y  p ro d u c t. T h is  p a th w a y  is ca lled  
h y d ro d e o x y g e n a tio n . H o w e v e r, h e x a d e c a n o ic  ac id  an d  o c ta d e c a n o ic  ac id  can  be 
d e c a rb o n y la ted  an d  fu r th e r  h y d ro g e n a te d  to  a lk an e  p ro d u c ts  th a t  h av e  o n e  ca rb o n  
a to m  le ss  th a n  th e  o r ig in a l fa tty  a c id s  in  each  o il m o lecu le  th a t a re  n -p e n ta d e c a n e  (ท- 
C 1 5 ) an d  n -h e p ta d e c an e  (n -C 1 7 ) h a v in g  C O  an d  H 20  as a b y -p ro d u c t. T h is  p a th  is 
c a lled  h y d ro d e c a rb o n y la tio n .
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4.6 Stability Testing of Selected Catalyst

N iM o /A b O î w as se lec ted  to  te s t  fo r its s tab ility  in  th e  d e o x y g e n a tio n  o f  
p a lm  o il fo r  9 d ays. T h e  d e o x y g e n a tio n  re a c tio n  w a s  c o n d u c ted  a t 325°c, 600  p s ig , 
L H S V  0.1 h '1, an d  H 2 /Teed m o la r ra tio  o f  30. F ro m  F ig u re  4 .1 2 , it w as  fo u n d  th a t 
d u rin g  9 d a y -tim e -o n -s tre a m , th e  p a lm  o il co n v e rs io n  slig h tly  d e c re a se d  w ith  tim e  on  
s tream . n -O c ta d e c a n e  (n -C 1 8 ) an d  n -h e x a d e c an e  (n -C 1 6 ) a re  fav o rab le  to  be 
p ro d u ced  c o m p a re d  to  n -h e p tad ecan e  (n -C 1 7 ) and  n -p e n ta d e c an e  (ท-C l 5). F ro m  th e  
F ig u re  4 .1 2 , it can  b e  re p o rte d  th a t p a lm  o il co n v e rs io n  an d  se lec tiv ity  to  a lk an e  
p ro d u c ts  q u ite  s tab le  u n d e r th e  c o n d itio n  te s ted . M o re o v e r, tra c e  a m o u n t o f  
in te rm ed ia te  p ro d u c ts  w e re  a lso  o b se rv ed . F u rth e rm o re , the  g as  p h ase  p ro d u c t w as  
co lle c ted  an d  an a ly z e d  b y  T C D  d e te c to r; it w as fo u n d  th a t C O  is p re se n t in  sm all 
a m o u n t in  th e  gas p ro d u c t. It is in d ica te  th a t  the  d e o x y g e n a tio n  o f  p a lm  o il o v e r  th e  
N iM o /A l2 0 3  is p re fe rab le  v ia  h y d ro d e o x y g e n a tio n  p a th  co m p ared  to  
h y d ro d e c a rb o n y la tio n  p a th .

'♦  conversion -o-n-C14 -A- n-C15 -B-n-C16 -9-1*07
-*-n-C18 —t— Cl&-acids — palmitic acid forty alcohols

Figure 4.12 L o n g  te rm  s tab ility  te s tin g  o f  th e  N iM o /y -A ^ C L  c a ta ly s t on  th e  
d e o x y g e n a tio n  o f  25 w t%  p a lm  o il ( tem p e ra tu re : 3 2 5 °C , p re ssu re : 6 00  p sig , H 2/fe e d  
m o la r  ra tio : 30 , an d  L H S V : 0.1 h '1).
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4.7 Temperature Programmed Oxidation (TPO)

T e m p e ra tu re  P ro g ra m m e d  O x id a tio n  (T P O ) e x p e rim e n ts  w e re  p e rfo rm ed  in 
o rd e r  to  in v es tig a ted  th e  a m o u n t o f  c a rb o n  fo rm e d  (co k e ) o n  th e  N iM o /y -A l2 0 3  and 
P d /C  ca ta ly s ts  a f te r  th e  reac tio n  w as c a rried  o u t at 3 2 5 ° c ,  5 0 0  psig , L H S V  0.1 h '1, 
and  H 2/feed  m o la r ra tio  30  fo r  13.5 h. F ig u re  4 .13  sh o w s th e  o x id a tio n  te m p e ra tu re  
o f  th e se  tw o  ca ta ly s ts . T h e  re su lts  re v e a le d  th a t th e  a m o u n t o f  c a rb o n  fo rm a tio n  on  
N iM o /y -A l2 0 3  and  P d /C  w e re  5 .48  and  9 .9 1 %  w e ig h t, re sp ec tiv e ly . H o w e v e r, it can 
b e  su g g es ted  th a t th e se  c o rb o n  fo rm a tio n s  had  no  e ffec t o n  th e  p e rfo rm a n c e  o f  
c a ta ly s t b ecau se  th e  d e a c tiv a tio n  w a s  n o t o b se rv ed  d u rin g  13.5 h o u rs  o f  testing .

Figure 4.13 T e m p e ra tu re  p ro g ra m m e d  o x id a tio n  p ro file s  o f  th e  spen t N iM o /A l2 0 3  

an d  P d /C  c a ta ly s ts  fo r  13.5 h.
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