
CHAPTER III 
EXPERIMENTAL

3.1 Equipments
•  H ig h  p ressu re  p a c k e d -b e d  c o n tin u o u s  f lo w  reactor s y s te m  c o n s is t in g  of;

-  M a ss  f lo w  c o n tro ller  (B r o o k s  in stru m en t 5 8 5 0 E )
-  H ig h  p ressu re  liq u id  p u m p  (W a ter  5 1 5  H P L C )
-  B a c k  p ressu re  regu la tor  (S IE M E N S )
-  % "O .D. s ta in le s s  s te e l reactor
-  T u b u lar  fu rn ace w ith  a tem p era tu re co n tro ller

•  G as ch ro m a to g ra p h  (A g i le n t  7 8 9 0 )
•  X -ray  d iffr a c to m e te r  (B ru k er  A X S /D 8  a d v a n c e )
•  T h e r m o g r a v im e tr ic /d e r iv a tiv e  th erm o g ra v im etr ic  a n a ly z e r  

(T G -D T A , P erk in  E lm er /P y r is  D ia m o n d )
•  T em p era tu re  p ro g ra m m ed  red u ctio n  apparatus (T P R )
•  T em p era tu re  p rog ram m ed  o x id a tio n  apparatus (T P O )
•  S u rfa ce  area  a n a ly zer  (S A A , Q u a n ta c h r o m e /A u to so r b l-M P )
•  u v  lig h t  so u r c e  (11 - W  lo w -p r e ssu r e  m ercu ry  la m p , P h ilip s)
•  U V  c u t - o f f  filter  (B -4 8 S /A T G )
•  S tirr in g  h o t  p la te
•  O v e n  (C a r b o lite C W E  1 1 0 0 )

3.2 Chemicals
•  B e e f  fat ( fr o m  P T T  P u b lic  C o m p a n y  L im ited )
•  P a lla d iu m (II) n itrate d eh yd ra te  (P d (N 0 3 ) 2 )
•  P a lla d iu m  c h lo r id e  (P d C B )
•  T ita n iu m  d io x id e  (T iÛ 2 , D e g u ssa  P -2 5 )
•  T e tra iso p ro p y l orth otitan ate  (T IP T , T i(O C H (C H 3 ) 2 ) 4 )
•  L a u r y la m in e  h y d ro ch lo r id e  (L A H C , C H 3 (C H 2 ) n N H 2 -H C l)
•  A c e ty la c e to n e  (A C A , C H 3 C O C H 2 C O C H 3 )
•  n -D o d e c a n e  (C H 3 (C H 2 )io C H 3, 9 9 .9  % p u rity , M erck )
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•  A c e to n e  (C H 3 C O C H 3 , 9 9  % p u rity , L a b S ca n )
•  M e th a n o l ( C H 4 O ,  9 9  % purity, M er ck )
•  D is t i l le d  w ater
•  P y r id in e  (C 5 H 5 N , 9 8  % purity, C arlo  Erba r e a g e n te  p u ro)
•  N ,0 -b is ( tr im e th y ls ily l) - tr if lu o r o  a ce ta m id e  ( B S T F A , C g H i 8 F 3 N O S i 2 , 9 9  % 

p u rity , A C R O S )
•  E ic o s a n e  ( C 2 0 H 4 2 ,  9 9  % purity, A C R O S )

3.3 Gases
•  H y d r o g e n  (H 2, H P  grad e, 9 9 .9 9  % purity)
•  H e liu m  (H e , H P  gra d e , 9 9 .9 9  % p u rity )
•  N itr o g e n  ( N 2, H P  gra d e, 9 9 .9 9  % p u rity)
•  A ir  (H P  grad e, 9 9 .9 9  % purity)

3.4 Experimental Procedures

3 .4 .1  C a ta ly st  P rep aration
T h e  p rep ara tion  o f  1 w t%  P d /T i0 2  su p p o rted  c a ta ly s t  w a s  p erfo rm ed  

b y  4  d ifferen t te c h n iq u e s .
1) In c ip ien t w e tn e s s  im p reg n a tio n  (IW I) u s in g  c o m m e r c ia l P -2 5  T i 0 2  

su p p ort d en o ted  as P 2 5 -IW I.
2 )  In c ip ien t w e tn e s s  im p reg n a tio n  (IW I) u s in g  T i 0 2  support  

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  su r fa c ta n t-a ss is te d  tem p la tin g  
m eth o d  d en o ted  as S G -IW I.

3 )  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  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 -P C D .
4 )  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  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  su r fa c ta n t-a ss is ted  te m p la t in g  m e th o d  d en o ted  
as S G -P C D .

5 ) 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  su r fa c ta n t-a ss is ted  
te m p la tin g  m e th o d  (S A T M ) d en o ted  as S S S G .
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3.4.1.1 P reparation TiC>2 Support by So l-gel M ethod
N a n o c r y sta llin e  m e so p o r o u s  T i 0 2  w a s  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 ss  w ith  su r fa c ta n t-a ss is ted  te m p la tin g  m e th o d , c o n s is t in g  o f  
the fo l lo w in g  step s:

a) A C A  w a s first in trod u ced  in to  th e  T IP T  w ith  the T IP T  to  
A C  A  m o la r  ra tio  eq u a l to  u n ity .

b ) T h e  m ix e d  so lu t io n  w a s  g e n tly  sh a k en  u n til h o m o g e n e o u s
m ix in g .

c ) A fterw ard s, a 0 .1  M  L A H C  a q u e o u s  so lu t io n  w ith  pH  o f  4 .2  
w a s ad d ed  to  th e  A C A -m o d if ie d  T IP T  so lu t io n , in  w h ic h  th e  m o la r  ratio  o f  T IP T  to  
L A H C  w a s  ta ilo red  to  a v a lu e  o f  4.

d) T h e  m ix tu re  w a s  c o n tin u o u s ly  stirred  at 4 0  °c o v ern ig h t to  
ob ta in  tran sp aren t y e l lo w  so l.

e ) T h en , the s o l-c o n ta in in g  s o lu t io n  w a s  p la c e d  in to  an o v e n  at 
80 °c for a  w e e k  in  ord er to ob ta in  c o m p le te  g e l fo rm a tio n .

I) T h e  g e l w a s  d ried  at 80 °c o v e r n ig h t  to  e lim in a te  the  
so lv e n t, w h ic h  is  m a in ly  th e  d is t ille d  w a ter  u sed  in  th e  p rep ara tion  o f  L A C H  a q u eo u s  
so lu tio n .

g ) T h e  dried  g e l w a s  fin a lly  c a lc in e d  at 5 0 0  ° c  to  rem o v e  the  
L A H C  and c o n se q u e n tly  p rod u ce  the d e s ir e d  m e so p o r o u s  TiC > 2  c a ta ly s ts .

3.4.1.2 M eta l (Palladium) Loading
1 w t%  p a lla d iu m  su p p o rted  tita n ia  c a ta ly s t  w a s  prep ared  b y  2  

d ifferen t m e th o d s  a c c o r d in g  to the f o l lo w in g  proced u re: 
i) In c ip ien t W e tn e ss  Im p regn atio n

a) TiC > 2  su p p o rts  w ere  im p reg n a ted  w ith  th e a q u eo u s  
so lu t io n  o f  m eta l p recu rsors (Pd(NC> 3 ) 2 ).

b ) A fte r  im p reg n a tio n , th e  c a ta ly s ts  w a s  d ried  at 11 0  °c 
o v ern ig h t and  su b se q u e n tly  c a lc in e d  at 5 0 0  °c for 4  h.

c )  A fte r  d ry in g , T i 0 2  su p p o rts  w e r e  in it ia lly  s ie v e d  to  the
p artic le  s iz e  2 0 /4 0  m esh .
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ii) P h o to c h e m ic a l D e p o s it io n
a) TiC > 2  su p p o rts  w ere  in it ia lly  d isp e r se d  in  d is t ille d  w ater  

and u ltra so n ica ted  fo r  2 0  m in .
b) T h en , a  d esired  am o u n t o f  p a lla d iu m  ch lo r id e , m eth a n o l, 

and d is t i l le d  w a ter  w e r e  ad d ed  to  o b ta in  50  vo l%  a q u e o u s  m e th a n o l so lu tio n .
c )  T h e m ix tu re  w a s  m a g n e tic a lly  stirred  and irrad iated  for  

4  h b y  a se t  o f  lo w -p r e ssu r e  H g  la m p s (1 6  la m p s, T U V  11 พ  P l-S , P h illip ).
d) A fte r  th e  irrad iation , th e  P d -d e p o s ite d  ca ta ly st p o w d e rs  

w ere r e c o v e r e d  b y  filtra tio n , w a sh e d  w ith  hot d is t ille d  w ater, and  dried  at 8 0  °c.

3.4.1.3 C om bined  Single-step Sol-gel P rocess with Surtfactant-
assisted  Tem plating M ethod  (SA PM).
1 w t%  p a lla d iu m  su p p orted  tita n ia  c a ta ly s t  w a s  prep ared  by  

c o m b in in g  b e tw e e n  th e su p p ort p reparation  and  the m eta l lo a d in g  togeth er , 
c o n s is t in g  o f  the fo l lo w in g  step:

a) A C A  w a s  first in trod u ced  in to  the T IP T  w ith  the T IP T  to 
A C A  m o la r  ratio  eq u a l to  u n ity .

b) T h e m ix e d  so lu tio n  w a s  sh a k en  u n til h o m o g e n e o u s  m ix in g .
c )  A fte rw a rd s , a 0.1 M  L A H C  a q u e o u s  so lu t io n  w ith  pH  o f  4 .2  

w a s a d d ed  to  the A C A -m o d if ie d  T IP T  so lu tio n , in  w h ic h  th e m o la r  ratio o f  T IP T  to  
L A H C  w a s  ta ilored  to  a v a lu e  o f  4  in  order to con tro l the p o r o s ity  o f  the TiC>2 -

d) T h e  m ix tu re  w a s  c o n tin u o u s ly  stirred  at 4 0  °c o v e r n ig h t to  
ob ta in  tran sp aren t y e l lo w  so l.

e )  A  req u ired  am o u n t o f  p a lla d iu m  c h lo r id e  so lu tio n  for the  
d esired  P d  lo a d in g  o f  1 w t%  w a s  in corp orated  in to  th e  a g ed  transparent so l so lu t io n .

f) T h e  resu ltan t m ix tu re w a s  further a g e d  at 4 0  ° c  for  3 0  m in  
to acq u ire  a  h o m o g e n e o u s  so lu tio n .

g ) T h e  g e l w a s  then  fo rm ed  by p la c in g  the s o l-c o n ta in in g  
so lu tio n  in  an o v e n  at 80 °c for a w e e k  for c o m p le te  g e l fo rm a tio n .

h ) A fterw a rd s , th e  g e l w a s  d ried  at 8 0  ° c  o v ern ig h t.
i) F in a lly , th e  dried  g e l w a s  c a lc in e d  at 5 0 0  °c for  4  h to 

re m o v e  th e L A H C  te m p la te , and su b se q u e n tly  the d es ired  c a ta ly s t  w a s  a c h ie v e d .
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3 .4 .2  C a ta ly st  C h a racter iza tio n s
3.4.2.1 Therm ogravim etry and  D ifferentia l Therm al A nalysis

(TG -D TA)
S im u lta n e o u s  th erm o gra v im etry  and  d iffe r e n tia l therm al 

a n a ly s is  (T G -D T A )  w a s u sed  to  study the th erm al d e c o m p o s it io n  b e h a v io r  o f  the  
c a ta ly s ts  and to  o b ta in  th eir  su ita b le  ca lc in a tio n  tem p era tu res. T h e c a ta ly s t  o f  1-5 m g  
w a s  h ea ted  from  5 0  ๐c  to 9 0 0  ๐c  w ith  a h e a tin g  rate o f  10 ° c /m in  in a sta tic  air 
atm o sp h ere .

ร. 4.2.2 A tom ic Absorption Spectroscopy (AAS)
A to m ic  ab sorp tion  sp e c tr o sc o p y  (G B C , A v a n ta  P M ) w a s  u sed  

to d e term in e  th e  c o n c e n tr a tio n  o f  a p articu lar e le m e n t  in  a sa m p le . C h e m ic a l e le m e n t  
w ill  ab sorb  u ltr a v io le t  lig h t w h e n  th ey  are e x c ite d  b y  h eat. E ach  e le m e n t  has a 
ch ara cter istic  w a v e le n g th  that w ill  be ab so rb ed . T h e A A S  in stru m en t s e e k s  for a 
p articu lar e le m e n t  b y  fo c u s in g  a b eam  o f  u v  lig h t  at a s p e c if ic  w a v e le n g th  throu gh  a 
f la m e  and in to  a d etector . T h e  sa m p le  o f  in terestin g  e le m e n t  is  a sp irated  into the  
f la m e . I f  the e le m e n t  is  p resen t in the sa m p le , it w ill  ab so rb  s o m e  o f  th e  lig h t, thus 
r e d u c in g  its  in te n sity . T h e  in stru m en t m ea su res  th e  c h a n g e  in  in ten sity . A  com p u ter  
data sy s te m  c o n v e r ts  the c h a n g e  in in ten sity  in to  an a b so rb a n ce . A s  a c o n cen tra tio n  
in c r e a se s , an a b so r b a n c e  in crea ses . A  standard  c a lib ra tio n  c u rv e  is  co n str u c te d  b y  
standard  s o lu t io n s  at v a r io u s  co n cen tra tio n s

3.4.2.3 X -ray  D iffraction (XRD)
R ig a k u  X -ray  d iffra c to m eter  sy s te m  (R I N T -2 2 0 0 )  w ith  a C u  

tu b e  for g en e r a tin g  C u K a  rad iation  ( 1 .5 4 0 6  Â )  and a n ic k e l filter , o p era ted  at a 
gen era to r  v o lta g e  o f  4 0  k v  and  a gen era tor  current o f  3 0  m A , w a s  u se d  to ob ta in  
X R D  pattern s o f  th e  ca ta ly s ts . T h e scan  sp e e d  o f  5° (2 0 ) /m in  w ith  sc a n  step  o f  0 .0 5  
(2 0 )  w a s  u sed  for  th e  c o n tin u o u s  run in  5° to  5 0 ° (2 0 )  ran ge. D u e  to  th e  sp e c if ic  
c h e m ic a l c o m p o s it io n  and cry sta llo g ra p h ic  structure o f  e a c h  m ater ia l, X R D  is an  
e f f ic ie n t  a n a ly tic a l te c h n iq u e  u sed  to id en tify  and ch a ra cter ize  u n k n o w n  cry sta llin e  
m ateria ls . M a tc h in g  o f  the re feren ce  su b s ta n c e ’s d if fr a c tio n  pattern  and  sa m p le ’s
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3.4.2.4 H ydrogen C hem isorption
T h is tech n iq u e  w a s  u sed  to  d eterm in e  the d isp e r s io n  o f  Pd on  

the su rfa ce  o f  ca ta ly s ts . It w a s  p erfo rm ed  in  a c o n v e n tio n a lly  m a d e-u p  sy stem  
c o n n e c te d  to  a th erm a l c o n d u c tiv ity  d e tec to r  (T C D ) w ith  2 0 -p l  p u lse s  o f  the p u rified  
H 2. Prior to th e  p u lse  c h e m iso r p tio n , the sa m p le  w a s  red u ced  in  H 2 a tm o sp h ere  at 
2 0 0  °c for 2  h. C o n s e c u t iv e ly , it w a s  p u rged  w ith  N 2 for  1 h  and  c o o le d  d o w n  to  
110 °c by f lo w in g  N 2. H 2 p u lse s  w er e  in jec ted  at regu lar  in terva l t im e  at 110 ๐c  to  
a v o id  the p r o b le m  o f  Pd h y d r id es  fo rm a tio n  (C a s te lla z z i, et a l .  2 0 1 0 )  un til the  
satu ration  w a s  o b se r v e d . T h e  resu lt w a s  d e te c te d  w ith  th e T C D  to  d eterm in e  the  
b ou n d  c h e m iso r b e d  H 2, w h ic h  co rr esp o n d ed  to H 2 a d so rb ed  on  th e Pd su rface . T o  
ca lc u la te  th e  Pd d isp e r s io n , a H /P d  =  1/1 s to ic h io m e tr y  w a s  a ssu m e d  for H 2 
c h e m iso r p tio n  o n  p a llad iu m .

3.4.2.5 Brunauer-E m m ett-Tellet (BET) Surface A rea  A nalysis
T h e su r fa ce  area o f  th e  fresh  and sp en t c a ta ly s ts  w a s  m easu red  

b y B E T  su r fa ce  area a n a ly z e r  (Q u a n ta c h r o m e /A u to so r b l -M P ). T h e  sa m p le  w a s  first 
o u tg a sse d  to  r e m o v e  the h u m id ity  and v o la t ile  a d so rb en ts  a d so rb ed  o n  su rfa ce  under  
v a cu u m  at 2 5 0  °c for 4  h prior to the a n a ly s is . T h en , N 2 w a s  p u rg ed  to  adsorb  on  
su rfa ce , and th e  q u an tity  o f  g a s  ad sorb ed  o n to  or d eso rb ed  from  th eir  s o l id  su rface  at 
s o m e  eq u ilib r iu m  va p or p ressu re  b y sta tic  v o lu m e tr ic  m e th o d  w a s  m easu red . 
T h e  so lid  s a m p le  w a s  m a in ta in ed  at a c o n sta n t tem p era tu re  o f  th e  sa m p le  c e ll  un til 
the e q u ilib r iu m  is  e s ta b lish e d . T h is  v o lu m e -p r e ssu r e  d ata  w a s  u sed  to  ca lcu la te  the  
B E T  su rfa ce  area.

3.4 .2 .6  Tem perature P rogram m ed O xidation (TPO)
T em p era tu re  p ro g ra m m ed  o x id a t io n  (T P O ) w a s  carried  ou t to

d eterm in e  th e  a m o u n t and ch a ra cter is tics  o f  c o k e  fo rm ed  o n  th e sp e n t ca ta ly sts . T P O  
p r o file s  o f  th e  sp en t c a ta ly s ts  w er e  p erfo rm ed  in  a c o n tin u o u s  f lo w  o f  2%  0 2/H e  
w h ile  the tem p era tu re  w a s  lin e a r ly  ram p ed  to 8 0 0  °c w ith  a h e a tin g  rate o f  10 °c

diffraction pattern is the main principle of the technique. If they have the same
pattern, the same crystallite phase was shown.
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/m in . T h e  sa m p le  (3 0  m g ) w a s  p la ced  in  a V "  q u artz f ix e d  b ed  reactor. T h e C O 2  

p rod u ced  b y  th e o x id a t io n  o f  c o k e  w a s  further c o n v e r te d  to  m e th a n e  o v er  15%  
N i/A F C b  c a ta ly s t  in th e  p r e se n c e  o f  h y d ro g en  at 4 0 0  ° c .  T h e  m e th a n e  ob ta in ed  w a s  
a n a ly z e d  o n lin e  b y  a F ID  d etector . T h e  am ou n t o f  o x id iz e d  c o k e  w a s  ca lib ra ted  u s in g  
10 0  p u lse s  o f  pure C O 2 .

3 .4 .3  H v d r o d e o x y g e n a tio n  E x p er im en ts
T h e  e x p e r im e n t  w a s  carried  ou t in  a h ig h  p ressu re  f ix e d  bed  reactor, 

as sh o w n  in  F ig u re  3 .1 , and  the d escr ip tio n  o f  f lo w  d ia gram  is  s h o w n  in T a b le  3 .1 . 
T h e c a ta ly s ts  w e r e  p retrea tm en ted  b y  p la c in g  in  th e  reactor  and  r e d u c in g  b y f lo w in g  
h y d ro g en  at 5 0 0  p s ig  fo r  3 .5  h. T h e tem peratu re w a s  in c r e a se d  w ith  a rate o f  
5 ° c /m in  until r ea c h in g  th e red u ction  tem p era tu re, ty p ic a lly  2 0 0  ° c .  T h en , the stream  
o f  b e e f  fat w a s  fed  to th e  reactor  u s in g  a h ig h  p ressu re  p u m p . T h e  f lo w  o f  carrier g a s  
and th e  r ea c tio n  p ressu re  w er e  c o n tro lled  b y  a m a ss  f lo w  c o n tr o lle r  and a back  
p ressu re  regu la tor , r e sp e c tiv e ly . T h e  liq u id  p rod u ct w a s  c o l le c te d  in  a co n d e n se r  
im m ersed  in an ic e  b ath  at the b o tto m  o f  reactor  and  a n a ly z e d  b y  a gas  
ch rom a to grap h  e q u ip p ed  w ith  a F ID  d etector .

Figure 3.1 A  sc h e m a tic  f lo w  d iagram  o f  h ig h  p ressu re  e x p e r im e n ta l setu p .
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Table 3.1 D e sc r ip tio n  o f  f lo w  d iagram

No. Items

1 V I

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

Functions

O n - o f f  v a lv e  for liq u id  from  h ig h  p ressu re liq u id  p u m p  
C h e c k in g  v a lv e  for a v o id in g  th e  b ack w ard  f lo w  o f  liq u id  from  
h ig h  p ressu re p u m p
T h r e e -w a y  v a lv e  for s w itc h in g  n itro g en  g a s  to  h y d r o g e n  ga s  
C h e c k in g  v a lv e  for a v o id in g  th e b ack w ard  f lo w  o f  h y d r o g e n  or 
n itr o g e n  ga s
T h r e e -w a y  v a lv e  for s w itc h in g  d irec tio n  o f  n itr o g e n  f lo w  
N e e d le  v a lv e  for c o n tr o llin g  p ressu re  in b a ck  p ressu re  regu la tor  
N e e d le  v a lv e  for re le a s in g  g a s  from  the s y s te m  
R e l ie f  v a lv e  to r e le a se  to p ressu re  o v e r lo a d  in  th e  sy s te m  
O n - o f f  v a lv e  for re le a s in g  th e p ressu re  from  b a c k  p ressu re  
R eg u la to r
M e te r in g  v a lv e  for r e le a s in g  th e  p rod u ct fro m  c o n d e n se r

P ro d u ctio n  o f  th e  h y d ro g en a ted  b io d ie se l b y  th e  d e o x y g e n a tio n  o f  
b e e f  fat w a s  c o n d u c te d  at tem p era tu re, p ressu re , and H 2 /Teed ratio as sh o w n  in  
T a b le  3 .2 .

Table 3.2 T h e r ea c tio n  c o n d it io n s  for p ro d u c in g  the r e n e w a b le  d ie se l

Parameters Condition
R e a c tio n  tem peratu re 3 2 5  ° c

R e a c t io n  p ressu re 5 0 0  p s ig
f h / f e e d  m o lar  ratio 3 0
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3 .4 .4  P rod u ct A n a ly s is
In th is  research , G C /F ID  (A g ile n t  7 8 9 0 )  w a s  u sed  as liq u id  product  

a n a ly zer . T h e  G C  o p era tin g  c o n d it io n s  are su m m a rized  as fo llo w s :
In jector tem peratu re: 5 0  °c
D e te c to r  tem peratu re: 3 8 0  ๐c
C arrier gas: H e
C o lu m n  typ e: C a p illa r y  c o lu m n

(D B -5 H T : d ia m eter  0 .3 2  m m  len g th  3 0  m )

T h e  fo l lo w in g  ch ro m a to g ra p h ic  tem p era tu re  p rogram  w a s  u sed  for  
p rod u ct a n a ly s is :

Table 3 .3  T h e  ch ro m a to g ra p h ic  tem peratu re p rogram  for  liq u id  p rod u ct a n a ly s is

S tep T em p era tu re  (°C ) R ate ( ° c /m in ) H o ld in g  t im e  (m in )
1 5 0 - 5
2 169 10 10
3 3 8 0 2 0 10

T y p ica lly , sa m p le s  had  to  b e  d is s o lv e d  in  p y r id in e  and  s ily la te d  w ith  
jV ,0 -b is (tr im e th y l)  tr if lo r o a c e ta m id e , B S T F A  (A c r o s  O r g a n ic s , 9 8 + % ), in order to 
im p r o v e  th e c h ro m a to g ra p h ic  b eh a v io r  in  G C  a n a ly s is . T h e  in tern al standard  
e ic o sa n e , C 2 0 H 4 2 ,  w a s  ad d ed  for q u an tita tive  c a lc u la t io n s .

T h e  c a lc u la t io n s  o f  c o n v e r s io n  and p rod u ct s e le c t iv ity  are d e fin e d  as sh o w n  
in  eq u a tio n  1 and  2 , r e sp e c tiv e ly . C o n v e r s io n  o f  fe e d  is  d e f in e d  as th e  m o le  ratio o f  
fe e d  c o n su m e d  to  th e  fe e d  in p u t, as sh o w n  in  E q u atio n  1. S e le c t iv ity  is  d e fin e d  as the  
ratio  o f  the n u m b er  o f  m o le s  o f  the p ro d u cts  fo rm ed  to  th at o f  th e  fe e d  c o n su m e d  in  
th e  rea c tio n , as sh o w n  in E q u a tio n  2.
C o n v e r s io n  (% m o le s  o f  fe e d  c o n v e r te d  

m o le s  o f  fe e d  in p u t X  10 0

0 , • . I . sn / ,  _  m o le s  o f  p rod u ct i o b ta in e d  1AAS e le c t iv ity  to  p rod u ct i (% ) =  --------- , A ; , X  100m o le s  0 1  feed  c o n v e r te d

(1 )

(2)
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