
R E S U L T S  A ND  D IS C U S S IO N
CHAPTER IV

4.1 Fresh Catalyst Characterizations
4.1.1 Brunauer-Emmett-Tellet (BET) Surface Area Analysis

Textural properties of the T i0 2 support and Pd/TiOl catalysts (surface 
area, total pore volume, mean pore diameter) were measured by Brunauer-Emmett- 
Tellet surface area analyzer. From the results in Table 4.1, the surface area of T i0 2 

(Degussa p 25) is 50.50 m2/g which is close to the given property (50 m2/g). The 
surface area of prepared catalyst is slightly lower when compared to the T i0 2 support 
due to the deposition of the metal on the T i0 2 surface.

T ab le  4.1 Textural properties of the catalysts

Catalyst Surface area, S bet 
(m 2/g )

Total pore volume 
(cm3/g)

Mean pore diameter 
(nm)

P25- T i0 2 50.50 0.230 18.50
P25-IWI 48.80 0.228 18.70

4.1.2 Inductively Coupled Plasma Optical Emission Spectrometry 
UCP-OES)
The quantity of active metal on catalyst was measured. The result 

shows that the actual amount of Pd loaded on TiOl support is 0.96%. The result 
reveals that the technique used in catalyst preparation (incipient wetness 
impregnation, IWI) gives the amount in Pd loading on T i0 2 support closer to 
expected metal loading amount.

4.1.3 Thermogravimetry and Differential Thermal Analysis (TG/DTA) 
Thermogravimetry and differential thermal analysis was used to study

the thermal decomposition behavior and the suitable calcination temperature of the 
catalyst. Figure 4.1 shows TG-DTA curve of 1 wt% Pd/Ti02 catalyst prepared by
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incipient wetness impregnation method. The DTA curve showed two main 
exothermic regions. The first exothermic peak at temperature lower than 150 ๐c  is 
contributed to the removal of physisorbed water molecules. The exothermic region 
between 150 and 500 ๐c  corresponds to the removal of organic remnants and 
chemisorbed water molecule, respectively (Hague. D.C.. and Mayo, M.J., 1994). The 
TG result reveals that the weight losses completely end at a temperature of 
approximately 500 ๐c . Therefore, the appropriate calcination temperature for 
Pd/TiC>2 catalyst is 500 °c.

Figure 4.1 TG-DTA profile of 1 wt% Pd/TiÛ2 catalyst prepared via incipient 
wetness impregnation method (IWI).

4.2 Feed Characterization

The production of hydrogenated biodiesel varies depending on the properties 
of feedstock and the production process. In this work, feedstocks were characterized 
for their components, fatty acid compositions and their impurities contents by gas 
chromatograph, AOAC 996.06-GC method and ICP technique, respectively.
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4.2.1 Standard Analysis
The chemical standards such as n-dodecane (n-Ci2), n-pentadecane (ท- 

C15), n-hexadecane (n-Ci6), n-heptadecane (n-Cn), n-octadecane (n-Cig), n-eicosane 
(ท-C20), hexadecanol, octadecanol, palmitic acid, oleic acid, stearic acid, ester group, 
monoglyceride group, diglyceride group, and triglyceride group were analyzed by 
gas chromatograph equipped with an FID detector (Agilent 7890) to identify peaks 
of compositions of feedstocks, intermediates and products. The chromatograms are 
shown in Figure 4.2. The retention time and response factor of the standards are 
shown in Table 4.2.

Figure 4.2 Chromatograms of standard chemicals, (a) n-pentadecane, n-hexadecane, 
n-heptadecane, n-octadecane, (b) hexadecanol, octadecanol, palmitic acid, stearic 
acid, oleic acid, (c) monopalmitin, (d) stearyl palmitate, palmityl stearate, stearyl 
stearate, (e) dipalmitin, distearin, and (f) tripalmitin. tristearin.
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Figure 4.2 (cont.) C h ro m a to g ram s o f  s tan d a rd  c h e m ic a ls , (a) n -p en tad ecan e , 
n -h ex ad ecan e , n -h e p ta d e c an e , n -o c tad ecan e , (b ) h e x ad ecan o l, o c tad ecan o l, p a lm itic  
ac id , stearic  a c id , o le ic  ac id , (c) m o n o p a lm itin , (d ) s te a ry l p a lm ita te , p a lm ity l 
s tea ra te , s tea ry l s tea ra te , (e) d ip a lm itin , d is tea rin , and  (f) tr ip a lm itin , tr is tea rin .
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Figure 4.2 (cont.) C h ro m a to g ram s o f  s tan d ard  c h em ica ls , (a ) n -p en tad ecan e , 
n -h ex ad ecan e , n -h e p ta d e c an e , n -o c tad ecan e , (b) h e x ad ecan o l, o c ta d e c a n o l, p a lm itic  
acid , s tea ric  ac id , o le ic  ac id , (c) m o n o p a lm itin , (d ) s tea ry l p a lm ita te , p a lm ity l 
steara te , s te a ry l s te a ra te , (e) d ip a lm itin , d is tea rin , an d  (f) tr ip a lm itin , tr is tea rin .
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Figure 4.2 (cont.) C h ro m a to g ram s o f  s tan d ard  c h em ica ls , (a ) n -p en tad ecan e , 
n -h ex ad ecan e , n -h ep tad ecan e , n -o c tad ecan e , (b) h e x ad ecan o l, o c ta d e c a n o l, palmitic- 
ac id , s te a ric  ac id , o le ic  acid , (c) m o n o p a lm itin , (d ) s tea ry l p a lm ita te , p a lm ity l 
stea ra te , s tea ry l s te a ra te , (e) d ip a lm itin , d is tea rin , an d  (f) tr ip a lm itin , tris tearin .
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Table 4.2 R ete n tio n  tim es an d  re sp o n se  fac to rs  o f  s tan d a rd  ch em ica ls

S tan d ard  ch e m ic a ls R eten tio n  tim es R esp o n se  fac to rs

n -P en tad ecan e 14.208 1.034
n -H ex ad ecan e 15.506 1.029
n -H ep tad ecan e 16.679 1.029
n -O c tad ecan e 17.904 1.047

H ex ad ecan o l 2 0 .707 1.092
O c tad ecan o l 27 .293 1.078
P alm itic  ac id 22 .878 1.103
S tearic  ac id 29 .082 1.045
O leic  ac id 28 .6 0 0 0 .985

S teary l p a lm ita te
35 .562

1.077
P a lm ity l s tea ra te 0 .9 1 2
S teary l s te a ra te 36 .132 0 .975

M o n o p a lm itin 32 .835 1.103

D ip a lm itin 36 .559 0 .9 7 2
D is tea rin 37 .558 0.971

T rip a lm itin 4 0 .3 2 6 0 .9 8 9
T ri s tea rin 4 3 .685 0 .9 4 6

4 .2 .2  F eed  A n a ly s is
T h e  30  v o l.%  fa ts  an d  o ils  (b e e f  fa t, ch ick en  fa t, p o rk  fa t, ja tro p h a  oil, 

an d  p a lm  o il) in  d o d ecan e  w ere  an a ly zed  w ith  gas ch ro m a to g ra p h  to  id en tify  their 
co m p o n en ts . T h e  re su lt sh o w s tha t all fe e s to ck s  c o n ta in  tr ig ly c e rid e  as m ain  
c o m p o n e n t ex cep t in  p a lm  o il w h ich  a lso  h as  h ig h  a m o u n t o f  m o n o g ly ce rid es , 
d ig ly ce rid e s  an d  p a lm itic  acid . In  all feed sto ck s , trace  a m o u n t o f  free fa tty  acid  e.g. 
o le ic  ac id  and  s tea ric  ac id  w ere  observed . T h e  G C  c h ro m a to g ra m s  an d  co m p o sitio n  
o f  all feed s to ck s  a re  sh o w n  in F ig u re  4.3 and  T ab le  4 .3 . re sp ec tiv e ly .
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Figure 4.3 C h ro m a to g ra m s  o f  30 v o l.%  tr ig ly c e r id e -b ase d  fe e d s to c k s  in  d o d ecan e , 
(a) b e e f  fat, (b ) ch ic k e n  fat, (c) p o rk  fat, (d ) ja tro p h a  o il, an d  (e) p a lm  oil.
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Figure 4.3 (cont.) C h ro m a to g ram s o f  30 v o l.%  tr ig ly c e r id e -b a se d  feed sto ck s  in 
d o d ecan e , (a) b e e f  fat, (b ) ch ick en  fat, (c) p o rk  fat, (d ) ja tro p h a  o il, an d  (e) p a lm  oil.
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Figure 4.3 (cont.) C h ro m a to g ram s o f  30 v o l.%  tr ig ly c e r id e -b ase d  feed s to ck s  in 
d o d ecan e , (a) b e e f  fa t, (b ) ch ick en  fa t, (c) p o rk  fa t, (d ) ja tro p h a  o il. and  (e) p a lm  oil.

Table 4.3 C o m p o s itio n  o f  tr ig ly ce rid e  b ased  fe e d s to c k  fro m  g as  c h ro m a to g rap h y

Composition Beef Fat 
(wt.%)

Chicken fat 
(wt.%)

Pork fat
(wt.%)

Jatropha oil
(wt.%)

Palm oil
(wt.%)

T rig ly ce rid e s 7 9 .84 9 8 .76 9 9 .7 9 81 .79 2 3 .57
D ig ly ce rid e s 10.60 - - 6 .69 29 .48

M o n o g ly ce rid e s - - - 7.78
O le ic  ac id 5.13 1.24 0.21 0 .80 -

P a lm itic  acid 2 .84 - - 2 .13 2 4 .70
S tearic  acid 1.59 - - 8 .59 2.94
U n k n o w n - - - - 11.53

F ro m  T ab le  4 .3 , th e  p eak  at re te n tio n  tim e  a p p ro x im a te ly  19 in  palm  
oil feed s to ck  w as a lso  observ ed . T h is  c o m p o s itio n  m ig h t o c c u r  d u rin g  th e  storage.



Table 4.4 Fatty acid compositions of feedstocks investigated in this work
C o m p o sitio n  (w t.% )

F a tty  A cid S y stem atic  nam e A cro n y m F orm ular M.w. P alm
oil

Ja tro p h a
oil

B e e f
fat

P ork
fat

C h ick en
fat

C apry lic  acid O c tan o ic  acid 8:0 C8Hi602 144.22 0.02 - 0.02 - -
C apric  acid D ecan o ic  acid 10:0 C 1 0 H 2 0 O 2 172.27 0.02 - 0.05 0.09 0.01
L aurie  acid D o d ecan o ic  acid 12:0 C 1 2 H 2 4 O 2 20 0 .3 2 0.22 - 0.11 0.33 0.03

M yristic  acid T e trad ecan o ic  acid 14:0 C 1 4 H 2 8 O 2 228 .38 1.01 0 .06 3.30 1.84 0 .49
P e n tad ecan o ic  acid 15:0 C 1 5 H 3 0 O 2 2 42 .4 0.05 0.02 0.39 0.05 0 .06

P alm itic  acid H ex ad ecan o ic  acid 16:0 C 1 6 H 3 2 O 2 256 .43 4 0 .0 6 13.81 26 .13 21 .44 20 .08
H ep tad ecan o ic  acid 17:0 C 1 7 H 3 4 O 2 270 .45 0.10 0 .10 0.67 0.27 0 .10

S tearic  acid O c tad ecan o ic  acid 18:0 C 1 8H3 6 O2 284 .48 4.39 6 .89 16.38 9 .40 4 .34
A rach id ic  acid 20:0 C 2 0 H 4 0O 2 312.53 0.34 0.22 0.15 0 .14 0 .09
B ehen ic  acid 22:0 C 2 2 H 4 4O 2 340 .59 0.06 0 .04 - - 0.02

L ig n o ceric  acid 24 :0 C 2 4H 4 8 O 2 368 .64 0.07 0.05 - - 0 .02
P a lm ito le ic  acid 16:1 C 1 6 H 3 0 O 2 254.41 0.18 0.79 0 .84 1.96 3.45
c is-9 -O le ic  acid c is -9 -O c tad ecen o ic  acid 18:1 c 1 8h 3 4 0 2 2 8 2 .4 7 4 0 .7 2 45 .84 40.71 39.23 33.78

c is-1 1 -E ico sen o ic  acid 20:1 C2oH380 2 31 0 .5 2 0.14 0.08 0.88 0.75 0.28
E ru c ic  acid 22:1 C 2 2 H 4 2 0 2 338 .58 - - - 0 .16 0 .02

L ino leic  acid O c tad ecad ien o ic  acid 18:2 C 1 8 H 3 2 0 2 280 .45 12.08 31 .77 1.18 17.10 29 .16
a-L in o len ic  acid O c tad eca tr ien o ic  acid 18:3 C 1 8 H 3 0 O 2 27 8 .4 4 0.38 0.21 0.08 1.40 2 .37

c is-1 1 ,1 4 -E ico sad ien o ic  acid 20:2 C 2 0H 3 6 O 2 308.5 0.02 0.02 - 0.55 0 .16
c is-1 1 ,1 4 ,1 7 -E ico sad ien o ic  acid 20:3 C 2 0H 3 4O 2 306 .49 - - 0.11 0 .32 0 .02
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T h e  fatty  ac id  co m p o sitio n s  o f  all fe e d s to c k s  w ere  a lso  an a ly zed  
fo llo w ed  th e  A O A C  9 9 6 .0 6 -G C  m ethod . F ro m  T ab le  4 .4 , th e  m a in  fa tty  ac ids in all 
feed sto ck s  a re  p a lm itic  ac id  ( C 1 6 H 3 2 O 2 ) and  o le ic  ac id  ( C 1 8 H 3 4 O 2 ).

4 .2 .3  In d u c tiv e ly  C o u p led  P lasm a O p tica l E m iss io n  S p ec tro m e try  
(IC P -O E S )

T h e  in d u c tiv e ly  co u p led  p la sm a  op tica l em iss io n  sp ec tro m e try  w as 
u sed  to  d e tec t the am o u n t o f  trace  e lem en ts  w h ich  a re  the  m a in  im p u ritie s  in 
feed sto ck s. T h e  m eta ls  in v es tig a ted  in  th is  w ork  a re  M g, N a, p , C a , and  K. T he 
am o u n t o f  m e ta ls  in each  feed sto ck s  are  sh o w n  in T a b le  4 .5 . F ro m  th e  resu lt, all 
feed sto ck s  co n ta in  the  s ig n ific an t co n cen tra tio n s  o f  im p u ritie s .

Table 4.5 C o n c e n tra tio n  o f  m a in  im p u ritie s  in  each  fe e d s to c k s

Feed M g
(ppm )

N a
(p p m )

K
(ppm )

C a
(ppm )

p
(p p m )

M  eq. 
(m m o l/k g )

p
(m m o l/k g )

B e e f  fat 2 .14 5 4 .20 7.03 25.01 16.61 1.98 0 .54
C h ick en  fat 1.63 5 .70 2.32 14.06 8.31 0.57 0 .27

P ork  fat 1.84 5 .14 2.16 14.68 10.01 0.58 0 .32
Ja tro p h a  oil 3 .62 4 .43 1.98 19.44 2 0 .28 0 .76 0.65

P a lm  oil 8 .60 7 0 .09 238 .05 12.87 6 .52 5 .26 0.21

T h e  im p u ritie s  w ere  c la ss ified  in to  tw o  g ro u p s , a lka li (M g , N a, K, and  
C a) and  p h o sp h o ru s . A lk a lis  a re  the na tu ra l im p u ritie s  in  feed s to ck  an d  p h o sp h o ru s  is 
th e  rep re sen ta tio n  o f  p h o sp h o lip id s . F ro m  T ab le  4 .5 , p a lm  o il sh o w s the  h ighest 
co n cen tra tio n  o f  im p u ritie s  fo llo w ed  by  b e e f  fat, ja tro p h a  o il, po rk  fa t, and  ch ick en  
fat, re sp ec tiv e ly .
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4.3 Catalytic Activity Testing

4.3 .1  P ro d u c t A n a ly sis
T o  study  th e  ca ta ly tic  ac tiv ity  an d  se lec tiv ity  in  d e o x y g e n tio n  o v er 

P d /T i0 2  ca ta ly s t, th e  p ro d u c tio n  o f  h y d ro g en a ted  b io d ie se l fro m  b e e f  fat, ch ick en  fat, 
po rk  fat, ja tro p h a  o il, an d  p a lm  oil w ere  co n d u c ted  a t 325 ° c ,  500  p s ig , liqu id  hou rly  
space v e lo c ity  (L H S V ) o f  4 IT1, and  H 2 /feed  m o la r ra tio  o f  30 fo r 6 h. T he liqu id  
p ro d u c t w as  an a ly zed  by  gas ch ro m ato g rap h . T ab le  4 .6  su m m arize s  th e  co n v ers io n s  
and  th e  p ro d u c t se lec tiv ity  o f  all feed sto ck s  at v a rio u s  tim es on  s tream .

T he re su lts  sh o w ed  th a t all tr ig ly ce rid e -b ased  feed sto ck s  can  be 
co n v erted  to  long  ch a in  h y d ro ca rb o n s  in d iese l sp ec if ic a tio n  ran g e  (C 1 5 -C 1 8 ). T he 
m ain  p ro d u c ts  o b ta in ed  from  all feed sto ck s  w ere  n -p en tad ecan e  (ท-C l 5) and  ท- 
h ep tad ecan e  (n -C 1 7 ), re su ltin g  from  th e  d ec a rb o n y la tio n /d e ca rb o x y la tio n  reac tio n  
w h ich  o n e  ca rb o n  a to m  is rem o v ed  o u t o f  o rig in a l fa tty  ac id s in  each  oil m o lecu le  
(H u b er e t a i ,  2 0 0 7  an d  S n are  et a l . , 2 006 ). T he in te rm ed ia te s  su c h  as s tearic  acid , 
o le ic  ac id , p a lm itic  a c id  an d  the  o th e rs  p ro d u c ts  like  trid ecan e  ( C l 3) and  te trad ecan e  
( C l 4) are  a lso  d e tec ted .

F ig u re  4 .4  su m m arizes  th e  co n v e rs io n  and  the  se le c tiv ity  o f  C 1 5 -C 1 8
a t v a rio u s  tim e s  on  stream .



Table 4.6 C o n v e rs io n  and  p ro d u c t se lec tiv ity  from  h y d ro d eo x y g en a tio n  o v e r Pd/ T i 0 2 ca ta ly s t 
(R eac tion  co n d itio n s: T  =  325 ๐c ,  p  =  500 psig , H 2/feed  m o lar ratio  o f  30, and  L H S V  = 4 h"1)

F eed sto ck B e e f  fat P o rk  fat C h ick en  fat Ja tro p h a  oil P a lm  oil
T im e on 

stream  (h) 2 4 6 2 4 6 2 4 6 2 4 6 2 4 6
C o n v ers io n 40.61 33 .70 24 .24 56 .27 50 .08 46.21 51.81 4 1 .32 37 .85 61.97 56.41 56.77 40 .96 24 .89 14.87

S e lec tiv ity  (% )
T otal C 15-C 18 56.18 50 .50 52 .59 59.61 54 .98 52 .46 58.61 51.75 4 7 .70 52 .80 4 9 .7 9 49.23 42 .42 21 .05 19.31

n-C 15 14.08 11.17 12.53 14.19 12.98 12.20 14.94 13.22 12.37 8.25 7.48 7.33 13.09 7 .46 6 .80
n-C 16 4.67 5.31 4 .69 2.61 2 .50 2.54 2 .16 1.86 1.57 1.12 1.29 1.44 2 .40 0.83 0 .73
n -C 17 29.55 24 .45 27.05 37 .34 34 .29 32.41 37.01 32 .77 30.53 39.44 36 .30 35 .19 23 .49 11.67 10.83
n-C 18 7.87 9 .56 8 .32 5 .47 5.21 5.31 4 .49 3 .89 3.24 4 .00 4.72 5 .27 3.45 1.09 0 .95

('C15+C17')
(C 1 6 + C 1 8 ) 3.48 2 .3 9 3 .04 6.38 6.13 5.68 7.80 7 .99 8.92 9.32 7 .29 6.33 6 .26 9.95 10.50

In term edia tes 39.25 45 .05 42 .88 38 .59 43 .25 45 .75 40.08 47 .08 51 .14 46 .62 4 9 .6 4 50.18 50.91 62 .78 64 .19
h ex adecano l 0 .00 0 .00 0 .00 1.17 1.10 1.06 0.65 0.65 0.52 0.00 0.00 0 .00 1.48 8.33 6 .49
p a lm itic  acid 6 .80 7 .70 7.22 4 .35 4 .7 6 5.14 5.57 6 .97 7.96 3.74 3 .67 3.71 6.51 7.73 8 .60

o le ic  acid 2 .47 2.51 2.65 11.94 13.26 13.72 13.39 15.93 17.73 17.54 16.25 16.52 11.62 11.93 12.71
stearic  acid 15.10 16.59 16.22 1.84 2 .18 2 .30 1.64 2.81 3.18 2.05 3.25 3.53 2.17 2.37 2 .50

E sters 12.50 14.65 13.90 17.43 19.86 21 .92 16.82 17.87 18.84 23 .29 2 6 .47 25 .60 0.00 0.00 0 .00
d ig lycerides 2.38 3 .60 2 .90 1.85 2 .09 1.62 2.01 2 .86 2.91 0.00 0.00 0.82 8.81 14.81 33 .90

O thers 4.57 4 .45 4.53 1.90 1.79 1.59 1.31 1.17 1.16 0.58 0.57 0.58 6.67 16.17 16.49
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Figure 4.4 Conversion and selectivity of diesel range hydrocarbons (C15-C18) over
Pd/TiCb catalyst obtained from various triglyceride based feedstocks. (Reaction
condition: p = 500 psig, T = 325 °c, LHSV = 4 h '1, and H2 /feed molar ratio of 30).
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F ro m  th e  re su lts , ja tro p h a  o il feed sto ck  ten d s  to  g iv e  the h ig h est 
co n v e rs io n  fo llo w e d  by  ch ic k e n  fat, p o rk  fat, b e e f  fa t, an d  p a lm  o il, resp ec tiv e ly . 
T h e  co n v e rs io n s  o f  all feed s to ck s  d e c rea se  w ith  tim es w h ic h  th e  h ig h es t red u c tio n  
ra te  w as o b se rv e d  in  p a lm  o il. T h e  re su lts  w ere  n o t in  lin e  w ith  th e  IC P  resu lts , th e  
h ig h e r c o n c e n tra tio n  o f  im p u ritie s  sh o u ld  g iv e  the lo w er co n v ers io n .

T h e re fo re , th e  ba lance  b e tw een  the  ca tio n s  (a lk a li)  and  an io n s  
rep resen ted  by  th e  p h o sp h a te  an io n  o rig in a tin g  from  p h o sp h o lip id s  w as a lso  stud ied . 
M illie q u iv a le n t w as u sed  to  ca lcu la te  the  c o n c e n tra tio n  o f  c a tio n  and  an ion . 
H o w ev er, p h o sp h o ro u s  is u su a lly  re fe rred  to  in te rm s o f  m m o l. T h e ir  b a lan ce  can  be 
seen  from  th e  c o m p e n sa tio n  b e tw een  m illieq u iv a len t o f  a lk a li c a tio n s  (M  eq .) and  
co n cen tra tio n  o f  p h o sp h o ru s  (m m o l/k g ) as  sh o w n  in T ab le  4 .5 . M illieq u iv a len t can  
be  o b ta in ed  fro m  e q u a tio n  (1 ), w h ere  an io n  charge  w as eq u a l to  - 2 ,  as th e  p h o sp h a te  
g ro u p  is b o u n d  to  the  g ly cero l b ack b o n e  in  p h o sp h o lip id s .

M  eq. = y ^ c a t io n  - ch arg eX ca tio n  -conc.)/cation  - a to m ic -w e ig h t 
[anion -charge|

(1)

In  case  w h en  th e  co n cen tra tio n  o f  a lk a lis  c a tio n s  and  p h o sp h a te  an ion  
a re  in  b a lan ce , d e p o s its  o f  a lk a lis  p h o sp h a te s  w ill be  fo rm e d  th a t w ill cau se  p lu g g in g  
o f  th e  reac to r. In  the  case  o f  im b a lan ce  b e tw een  ca tio n s  an d  an io n s  o r the  ex cess  
im p u ritie s  fro m  b a lan ce , th e  d eac tiv a tio n  ra te  w ill in c rea se  w ith  th e  in c reasin g  
c o n c e n tra tio n  o f  im p u ritie s  (K u b ick a , D .. an d  H oracek , J ., 2011).

T h e  m o st p ro n o u n c e d  im b a lan ce  w as o b se rv e d  fo r p a lm  oil fo llo w ed  
by  b e e f  fat, p o rk  fa t, ch ic k e n  fat, and  ja tro p h a  o il, re sp ec tiv e ly . T h is  re su lt co m p lied  
w ith  th e  c a ta ly tic  ac tiv ity  re su lt (F ig u re  4 .4 ), the  m o st im b a lan ce  b e tw een  a lk a li 
c a tio n  and  p h o sp h a te  an io n  sh o w ed  th e  w o rs t p e rfo rm an ce . T h e  se lec tiv ity  to w ard  
th e  p ro d u c t in  d ie se l ran g e  h y d ro ca rb o n s  (C 1 5 -C 1 8 ) w as n o t s ig n ific a n tly  d iffe ren ce  
fo r  all fe e d s to c k s  ex cep ted  in  p a lm  oil w h ich  has lo w er se lec tiv ity  o f  C 1 5 -C 1 8  and  
rap id ly  d e c lin e  w ith  tim es. T h ese  re su lts  m ay  cau sed  by  th e  d e p o s itio n  o f  m eta l 
im p u ritie s  in  each  feed s to ck s  on  th e  c a ta ly s t surface.
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4.4 Spent Catalyst Characterizations

4.4 .1  In d u c tiv e ly  C o u p led  P la sm a  O p tica l E m iss io n  S p ec tro m e try
(IC P -O E S )
In d u c tiv e ly  co up led  p la sm a  op tica l em iss io n  sp ec tro m e try  w as used  

to  id en tify  th e  q u a n tity  o f  ac tiv e  m eta l on  ca ta ly s t. T h e  re su lt sh o w s  th a t th e  ac tu a l 
am o u n t o f  Pd lo ad ed  o n  T iÛ 2 su p p o rt is 0 .96% . T h e  re su lt rev ea ls  th a t th e  tech n iq u e  
used  in c a ta ly s t p rep a ra tio n  ( in c ip ien t w e tn ess im p reg n a tio n , IW I) g iv es  d esired  
am o u n t in  Pd lo ad in g  o n  TiC>2 support.

T h e  im p u ritie s  co n ten ts  and  m etal lo ad in g  on the  sp en t ca ta ly s ts  a fte r 
reac tio n  o f  all feed s to ck s  w ere  a lso  in v estig a ted  by  IC P -O E S . F ro m  T ab le  4 .7 , m o st 
o f  im p u ritie s  co n ten ts  d e p o s it on  th e  sp en t c a ta ly s ts  w h ic h  m ay  re d u c e  th e  ac tiv ity  o f  
the ca ta ly s t. T h e  s in te r in g  o f  m eta l lo ad in g  m ay  o ccu r, re su lt in  th e  red u c tio n  o f  Pd 
co n ten t on  sp en t c a ta ly s t w h ich  can  a lso  red u ce  th e  c a ta ly s t a c tiv itie s .

Table 4.7 C o n cen tra tio n  o f  m ain  im p u ritie s  an d  m e ta l lo ad in g  o n  sp en t ca ta ly s ts  
a fte r 6 T O S

F at/o il M g (p p m ) N a  (ppm ) K  (ppm ) C a  (ppm ) p  (p p m ) P d  (w t% )

B e e f 108.69 760 .84 225 .59 4 6 3 .4 8 184 .57 0.81
C h ick en 9 9 .44 707 .32 230 .77 4 3 9 .0 2 168.86 0 .76

P ork 126.42 616 .98 330 .19 3 92 .45 23 5 .8 5 0 .88
Ja tro p h a 138.52 508 .54 102.47 42 3 .1 5 199 .24 0.78

Palm 135.31 1,894.29 2 ,780 .13 1 ,050 .74 > 9 4 3 .4 0 0 .77

M o reo v er, the  am o u n t o f  coke  d ep o s itio n  o n  sp e n t c a ta ly s t m ay  
a ffec ted  by  th e  c o n c e n tra tio n  o f  p h o sp h o ru s  (K u b ick a . D ., an d  H o racek , J., 2011). 
T em p era tu re  p ro g ra m m e d  o x id a tio n  w as a lso  u sed  to  e s tim a te  th e  a m o u n t o f  c a rb o n  
d ep o s itio n  o n  the  sp en t ca ta ly s t a fte r  6 T O S .
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4.4.2 Temperature Programmed Oxidation (TPQ)
The TPO profiles from temperature programmed oxidation and the 

amounts of coke deposit on spent catalysts (after 6 TOS) are illustrated in Figure 4.5 
and Table 4.8, respectively. For all feedstocks, the peak of coke deposit on the spent 
catalyst observed at temperature about 350 °c  which indicated to the weakly coke.

Figure 4.5 TPO profiles of spent catalysts.

Table 4.8 Amount of carbon deposit on the spent catalyst after reaction

Feedstock Carbon deposit (wt.%)
Beef fat 10.42

Chicken fat 6.26
Pork fat 8.69

Jatropha oil 10.47
Palm oil 6.19
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The amount of carbon deposit on the spent catalyst after reaction of 
jatropha oil is the highest followed by beef fat, pork fat, chicken fat, and palm oil, 
respectively. Normally, the higher conversion of feedstock should give the lower 
amount of carbon deposition on the spent catalyst. Jatropha oil which exhibited the 
highest conversion, showed the highest amount of carbon deposition. This may 
result from the phosphorus content in feedstock (Table 4.5). The phosphorus in 
feedstock is representation of phospholipids which can decompose and release 
phosphoric acid which acts as an oligomerization/polymerization catalyst (Kubicka, 
D., and Horacek. J., 2011). Palm oil which gave the worst performance also showed 
the lowest carbon deposition. This result may caused by the deposition of metal on 
the catalyst surface due to high concentration of alkalis, leading to the blockage or 
poisoning of active sites.
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