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APPENDICES

A pp en dix  A  B iod iesel A nalysis

The methyl ester contents were analyzed by using a Hewlett Packard GC 
model 5890.

Gas Chromatograph (GC)

F igure A1 The peaks of methyl ester from Gas Chromatograph (GC).

I
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Table A l Raw data of 25%K/bentonite from GC

Peak# Ret Time Type Width Area Start Time End Time
1 1.085 BB ร 0.037 8179331 1.02 1.7
2 2.041 BHS 0.014 6243834 1.983 2.072
3 2.084 HB ร 0.02 16963 2.072 2.24
4 2.124 BBT 0.019 1479 2.107 2.153
5 10.333 BB 0.073 781 10.25 . 1 0 . 4 8
6 16.891 BV 0.125 1842 16.78 17.02
7 17.128 VB 0.098 3400 17.02 17.367
8 25.221 BV 0.098 50518 24.993 .25.267
9 25.377 VB 0.104 128204 25.267 . .25.85

*10 29.668 BB 0.127 99308 29.35 • 30.14
11 33.896 BB 0.172 16179 33.693 34.373
12 34.729 BV 0.12 164829 34.442 34.91
13 34.949 VB 0.171 6853 34.91 35.468
14 36.658 BB 0.205 41904 36.388 37.455

*The peak 10 is methyl hepta decanoate (standard)

The methyl ester content or yield, were determined using Equations (l)-(2)

A ri

C EI

Vr,

c  = (E  A)z _AJL X X100 (1)
AE1 m

Methyl ester content or Fatty acid methyl ester (FAME)
The overall area of methyl ester from C14 to C24
The peak area of that which is aligned with 
methyl hepta decanoate solution
Concentration in mg/ml of methyl hepta decanoate solution 
Volume of methyl hepta decanoate solution 
Weight in mg of sample
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Y i e l d  %  = M a s s  o f  w a s h e d  a n d  d r ie d  m e t h y l  e s t e r  la y e r  
T h e o r e t i c a l  m a s s  o f  m e t h y l  e s t e r  f r o m  m a s s  b a la n c e

X  1 0 0 (2)

M e t h y l  e s t e r  y ie ld  (% ) =  ( ( ( 4 1 4 5 1 0 - 9 9 3 0 8 ) x 2 x l 0 ) M 0 0 ) x l 0 0
=  8 3 .4 8 %

T h e  c o m p o s i t io n  o f  th e  r e a c t io n  m ix t u r e  s a m p le s  w a s  d e t e r m in e d  b y  th e  

s o m e w h a t  m o d i f i e d  H P L C  m e t h o d  o f  H o lc a p e k  et a l ,  ( 1 9 9 9 )  u s i n g  a  P e r k in  E lm e r  

H ig h  P e r f o r m a n c e  L iq u id  C h r o m a to g r a p h y .

F igure A 2  T h e  c h r o m a t o g r a m  o f  2 5 % K  b e n t o n i t e  f r o m  H i g h  P e r f o r m a n c e  L iq u id  

C h r o m a t o g r a p h y  ( H P L C ) .
I
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T ab le A 2  R a w  d a ta  o f  2 5 % K /b e n t o n i t e  f r o m  H P L C

T im e A r e a H e ig h t A r e a
N o r m .

A r e a B L
A r e a /

H e ig h t

1 .9 7 8 3 7 8 7 2 3 5 .8 7 0 .3 8 0 .3 8 B B 1 0 .8 3 1 9

2 .2 6 5 5 1 8 9 .2 1 2 0 1 .4 1 0 .0 2 0 .0 2 B B 4 .3 1 9 3

2 .9 0 5 3 8 2 5 4 6 . 1 6 2 1 8 3 1 .2 7 1 .8 3 1 .8 3 B V 1 7 .5 2 2 9
2 .9 9 1 2 7 9 2 1 5 . 2 2 1 8 7 0 .5 1 1 .3 4 1 .3 4 พ 1 2 .7 6 6 7

3 .3 8 8 4 5 9 9 1 8 . 4 4 1 6 8 2 3 .2 3 2 .2 2 .2 V B 2 7 .3 3 8 3
4 .4 1 5 2 1 9 1 3 . 4 6 1 6 4 1 .7 2 0 .1 0 .1 B V 1 3 .3 4 7 9
4 .6 8 7 7 6 4 3 .3 4 7 2 4 .5 5 0 .0 4 0 .0 4 V B 1 0 .5 4 9 1

5 .4 2 6 5 5 6 0 8 0 .0 7 4 7 2 5 0 .9 5 2 .6 6 2 .6 6 B V 1 1 .7 6 8 7
5 .9 8 4 5 2 1 7 0 .3 6 4 3 3 4 .7 7 0 .2 5 0 .2 5 พ 1 2 .0 3 5 3
6 .3 5 4 1 0 9 1 9 3 7 8 .3 8 8 8 7 4 8 2 .5 3 5 2 .3 2 5 2 .3 2 V B 1 2 .3 0 3 8
7 .5 9 3 7 4 8 1 8 7 5 .0 5 4 6 9 6 8 4 .8 4 3 5 .8 5 3 5 .8 5 B E 1 5 .9 2 9 6
8 .4 8 4 2 3 8 6 5 . 6 1 0 5 1 .2 9 0 .1 1 0 .1 1 E V 2 2 .7 0 1 3

9 .0 2 9 9 9 4 4 . 4 6 3 4 4 .0 7 0 .0 5 0 .0 5 พ 2 8 . 9 0 2 4
9 .3 7 4 6 4 8 5 1 .5 5 8 3 9 .1 9 0 .3 1 0 .3 1 V B 1 1 .1 0 6 2

1 0 .2 5 5 1 4 6 1 8 1 4 6 0 .7 2 0 .0 7 0 .0 7 B B 1 0 .0 0 7 4

1 1 .0 5 7 1 1 1 4 7 .6 6 4 5 4 .8 0 .0 5 0 .0 5 B V 2 4 .5 1 1 1
1 1 .4 5 6 4 4 7 9 .3 2 2 7 6 0 .0 2 0 .0 2 พ 1 6 .2 2 9 4

1 1 .8 4 3 7 7 0 1 .1 7 8 7 3 .8 1 0 .0 4 0 .0 4 พ 8 .8 1 3 3

1 1 .9 5 6 5 9 1 6 .4 5 6 7 0 .6 1 0 .0 3 0 .0 3 พ 8 .8 2 2 5

1 4 .6 5 3 1 6 7 5 8 2 .2 2 9 0 5 6 .7 7 0 .8 0 .8 พ 1 8 .5 0 3 5
1 6 .3 9 3 1 2 4 5 8 1 .0 8 1 6 4 1 .6 8 0 .6 0 .6 พ 7 5 .8 8 6 3

1 6 .8 1 5 3 3 2 4 5 ^ 8 2 1 6 3 6 .8 2 0 .1 6 0 .1 6 พ 2 0 .3 1 1 2

1 7 .0 1 2 3 9 1 9 .1 3 1 6 4 5 .7 5 0 .1 1 0 .1 1 พ 1 4 .5 3 3 9

1 7 .3 1 5 2 5 6 7 6 . 8 4 1 5 4 2 .8 2 0 .1 2 0 .1 2 พ 1 6 .6 4 2 8

1 7 .8 4 2 1 4 4 2 6 .6 2 1 2 3 4 .9 4 0 .0 7 0 .0 7 V B 1 1 .6 8 2 0

1 8 .5 8 2 5 1 4 0 .8 4 5 2 .4 5 0 .0 2 0 .0 2 B B 1 1 .3 6 2 1

J
\

J- \

>■

m o n o g l y c e r i d e

e s te r

d i g l y c e r i d e

t r ig ly c e r id e

J
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1 9 .1 7 3 3 0 8 9 .2 3 8 7 .0 4 0 .0 1 0 .0 1 B B 7 .9 8 1 6

1 9 .5 6 3 3 8 6 0 .1 1 3 3 6 .1 4 0 .0 2 0 .0 2 B V 1 1 .4 8 3 6

1 9 .7 7 7 1 4 0 3 6 .7 8 7 7 9 .8 5 0 .0 7 0 .0 7 พ 1 7 .9 9 9 3

2 0 .0 9 4 8 2 8 2 9 2 3 .3 1 0 .0 4 0 .0 4 พ 8 .9 6 9 9

2 0 .3 9 2 3 5 2 8 1 .2 1 6 0 1 .1 6 0 .1 7 0 .1 7 V B 2 2 . 0 3 4 8

2 3 .7 3 8 1 4 2 3 4 .8 3 4 0 .6 9 0 .0 7 0 .0 7 B B 4 1 .7 8 2 3

2 9 .4 1 1 0 7 7 6 .2 2 9 5 .2 3 0 .0 5 0 .0 5 B B 3 6 . 5 0 1 0

t r ig ly c e r id e

C a lib r a t io n  c u r v e  

E t h y l  o le a t e

A m o u n t  o f  s td A r e a R s

2 0 8 2 4 3 7 0 .4 4 1 2 1 8 . 5 2

6 0 2 2 2 1 2 6 3 . 7 7 3 7 0 2 1 .0 6 2 8 3

2 0 0 9 4 2 4 5 9 1 . 9 7 4 7 1 2 2 . 9 5 9 8 5

6 0 0 2 4 1 9 1 6 7 7 .4 4 0 3 1 9 . 4 6 2 3 3

A v e r a g e 4 1 4 2 0 . 5 0 1 2 5

3 .0 0 E + 0 7  

2 .5 0 E + 0 7  

2 .0 0 E + 0 7  

2  1 .5 0 E + 0 7  

1 .0 0 E + 0 7  

5 .0 0 E + 0 6  

O.OOE+OO

mass (jig)
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T r ig ly c e r id e

A m o u n t  o f  s td A r e a R f

1 9 8 4 6 0 9 8 4 6 0

5 2 3 4 1 2 3 .6 4 6 8 2 4 . 7 2

1 0 4 0 0 8 5 3 .9 4 4 0 0 8 5 . 3 9 4

3 0 8 5 2 2 0 9 .6 2 8 4 0 6 . 9 8 6 6 7

A v e r a g e 4 7 8 4 9 . 8 4 5 3 3

3 .0 0 E + 0 6

2 .5 0 E + 0 6

2 .0 0 E + 0 6

i  1.5 0 E + 0 6  
<

1.0 0 E + 0 6  

5 .0 0 E + 0 5  

O.OOE+OO

D i g l y c e r i d e

m(ng)

A m o u n t  o f  s td A r e a R f

1 0 2 6 5 4 2 1 . 7 2 6 5 4 2 . 1 7

2 0 6 7 5 8 9 7 .7 7 5 3 3 7 9 4 . 8 8 8 7 5

3 0  f 9 5 9 1 3 1 .5 5 3 1 9 7 1 . 0 5 1 6 7

4 0 1 3 7 9 5 6 4 .6 9 3 4 4 8 9 . 1 1 7 2 5
A v e r a g e 3 1 6 9 9 . 3 0 6 9 2
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1 .6 0 E + 0 6  -| 

1 .4 0 E + 0 6  - 

1 .2 0 E + 0 6  -  

1 .0 0 E + 0 6  -  

I  8 .0 0 E + 0 5  -  

6 .0 0 E + 0 5  -  

4 .0 0 E + 0 5  -  

2 .0 0 E + 0 5  -  

0 .0 0 E + 0 0  --

10 20 3 0 35 4 0 45

mass (|lg)

M o n o g l y c e r i d e

A m o u n t  o f  s td A r e a R f
10 2 7 2 1 6 1 .2 6 2 7 2 1 6 . 1 2 6
2 0 6 6 4 7 7 9 .5 6 3 3 2 3 8 . 9 7 8
3 0 1 0 0 1 5 0 5 .8 3 3 3 8 3 . 5 2 6 6 7
5 0 1 8 8 3 7 5 6 .5 3 5 3 7 6 7 5 . 1 3 0 7

A v e r a g e 3 2 8 7 8 . 4 4 0 3 4

2 .0 0 E + 0 6  ~|

1.5 0 E + 0 6  -

I  1 .0 0 E + 0 6  -

5 .0 0 E + 0 5  -  j

O.OOE+OO --------

0

♦

‘ๆ  I ! ! f

10 2 0  3 0  4 0  50 60

mass (gg)
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F r o m  T a b le  A 2

T im e A r e a
A r e a / S l o p e  o f  e s t e r ,  m o n o - d i -  

t r i g ly c e r id e

1 .9 7 8 3 7 8 2 . 2 6 7 6 1 9

2 .2 6 5 5 1 8 9 .2 0 . 1 5 0 1 2 9
2 .9 0 5 3 8 2 5 4 6 .1 6 1 1 .0 6 7 7 6
2 .9 9 1 2 7 9 2 1 5 .2  . 8 .0 7 7 9 7 5
3 .3 8 8 4 5 9 9 1 8 . 4 4 1 3 .3 0 6 2 9
4 .4 1 5 2 1 9 1 3 .4 6 0 .5 3 4 9 3 1
4 .6 8 7 7 6 4 3 .3 4  ; 0 . 1 8 6 5 8 2
5 .4 2 6 5 5 6 0 8 0 .0 7 1 3 .5 7 4 5 2
5 .9 8 4 5 2 1 7 0 .3 6 1 .2 7 3 5 3 5
6 .3 5 4 1 0 9 1 9 3 7 8 .3 8 2 6 6 . 5 5 3 8
7 .5 9 3 7 4 8 1 8 7 5 .0 5 1 8 2 .6 4 0 7
8 .4 8 4 2 3 8 6 5 .6 0 . 5 8 2 5 8 5
9 .0 2 9 9 9 4 4 .4 6 0 .2 4 2 7 5 5
9 .3 7 4 6 4 8 5 1 .5 1 .5 8 3 0 9 5

1 0 .2 5 5 1 4 6 1 8 0 . 4 3 7 9 7 9
1 1 .0 5 7 1 1 1 4 7 .6 6 0 . 3 3 4 0 0 2
1 1 .4 5 6 4 4 7 9 .3 2 0 . 1 3 4 2 0 8
1 1 .8 4 3 7 7 0 1 .1 7 0 . 2 3 0 7 4
1 1 .9 5 6 5 9 1 6 .4 5 0 .1 7 7 2 6 7
1 4 .6 5 3 1 6 7 5 8 2 .2 2 6 .4 7 0 6 0 6
1 6 .3 9 3 1 2 4 5 8 1 .0 8 4 . 8 1 0 2 6 6
1 6 .8 1 5 3 3 2 4 5 .8 2 1 .2 8 3 6 7 2
1 7 .0 1  j 2 3 9 1 9 .1 3 0 . 9 2 3 5 5 4

1 7 .3 1 5 2 5 6 7 6 .8 4 0 . 9 9 1 4 2 2
1 7 .8 4 2 1 4 4 2 6 .6 2 0 . 5 5 7 0 3 4
1 8 .5 8 2 5 1 4 0 .8 0 . 1 9 8 4 9 4
1 9 .1 7 3 3 0 8 9 .2 0 . 1 1 9 2 7 9

~\

>

J
\

}

J
A

J
\

;

m o n o g l y c e r i d e

e s te r

d i g l y c e r i d e

t r ig ly c e r id e
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19.563 3860.11 0.549627
19.777 14036.78 0.416086
20.094 8282 2.267619
20.392 35281.2 0.150129
23.738 14234.8 11.06776
29.41 10776.2 8.077975

*Sample weight = 552 |ig

triglyceride

%Monoglyceride = (SUM (Area/Slope)/Sample weight)X100 
= (34.86977/552) xioo 
= 6.316988

%Ester = (467.1725/552) X100
= 84.6327

%Diglyceride =(1.314196/552) xioo 
= 0.238079

%Triglyceride = (18.69311/552) x io o  
= 3.386433

A ppendix  B C atalyst C haracterization

The fresh and spent catalysts were characterized for their characteristic, 
structure, morphology, and metal composition for describing the results from 
experiment. The catalysts were characterized by using several techniques.

1. Titration
Standardization  o f K O H
Potassium acid phatalate 0.1 g in 40 ml
Normality = (Wp*7 000)+(204.23*(V-Vb))
Wp = weight o f potassium phatalate (g)
V = amount o f KOH titrate (ml)
Vb = amount o f KOH blank titrate (ml)
204.23 = molecular weight o f potassium phatalate (g/mol)
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KOH titration
Time Vi Vf VrVi

1 10 17.75 7.75
2 10 17.85 7.85

Average 7.8
*Vj = V initial and Vf = V final

Normality = (0.025425 X1000)-(204.23 x(7.8-0)) 
= 0.015960512

Concentration o f HCl (HC1 = 5ml)
Time V, Vf Vf-Vj

1 10 16.25 6.25
2 10 16.25 6.25

Average 6.25
*Vj = V initial and Vf = V final

C ,V , = C2V2
KOH + HCl —►  H20  + KC1 
KOH HCl
c , =0.01596 c , = ?
Vi = 6.25 c 2 = 5
c 2 = 0.01995 mol/1

Table B1 Basicity o f catalyst

Sample time V,
(ml)

Vf
(ml)

V rV ,
(ml)

V HCl 
(ml)

Amount o f catalyst 
(g)

1 10 12.3 2.3 5 0.0155
25%K/bentonite 2 10 12.15 2.15 5 0.0162
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Back titration Total basic site (mmol) Total basic site (mmol/g) Average
3.95 0.0788 5.08403

5.0674.1 0.0818 5.04907
*Vj = V initial and Vf = V final

Back titration = 6.25-(Vf-Vj)
Total basic site (mmol) = Back titration X C2

Total basic site (mmol/g) = Total basic site (mmol)/Amount o f catalyst (g)

2. Temperature-Programmed Desorption o f CO 2 (CO2-TPD) 
Temperature-programmed desorption (M icromeristics 2900) was used for 

observing desorbed molecules from the surface when the surface temperature is 
increased. The basic properties o f the samples were determined using the 
temperature-programmed desorption o f CO2 (CO2-TPD), which was used as the 
probe molecule.

TPD/R/O 1100 
Thermo Electron

Gas Port when Ready: (b) Helium 
Gas Port when End: (b) Helium 
Sample rate: Is 
Gain: 10 
Polarity: +

Pretreatment
Phase With

Gas
Flow

[ccm/min]
Start at T 

[°C]
Ramp
[°/min]

Stop at T 
[°C]

Hold
for

[min]
Cleaning Nitrogen 20 O ff 5

1:00 Nitrogen 20 O ff 10 120 30
2:00 Carbon

Dioxide
20 50 0 50 60

3:00 Nitrogen 20 O ff 60
4:00 O ff

End Pretreatment with Oven at 50°c
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TPD/R/O
With gas: Helium and flow o f 20 ccm/min
Start with oven off, heating rate 10 7m in, stop at 900 ๐c ,  hold for 180 min 
Temperature at end o f experiment 30 ๐c
Results
Amount gas dsorbed: 240.95247 pmol/g

Baseline
Start at 0.0167 min 97.35107 mV, Stop at 236.0667 min 13.12256 mV

Calibration
Use Calibration Factor: 257.012140 -10'9 mmol/mVs

# S ta  rt [ m in ] S to p [n r in ] M a x im u m [m in | T [° C ] I n te g r a l [m V s | [%] [g m o l/g l
1 9.7833 19.9667 15.4667 178 44904.86 23.02 55.45937
2 41.75 51.8333 42.5167 448 67626.92 34.66 83.52205
3 74.2167 84.5667 75.3833 775 82564.88 42.32 101.97105

p

1
II
I
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