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Appendix A Acid Titration Method

1. S t a n d a r d i z a t i o n  o f  K O H  w a s  m e a s u r e d  b y  u s i n g  p o t a s s i u m  a c id  p h a t a l a t e  

( t i t r a t i o n  g r a d e )

N o r m a l i t y  =  ( fF /7 * 1 0 0 0 ) / ( M W * ( F - F 2>))

W h e r e  Wp =  W e i g h t  o f  p o t a s s i u m  a c i d  p h a t a l a t e  ( g )

F  =  A m o u n t  o f  K O H  w a s  u s e d  in  t i t r a t i o n  s a m p l e  ( m l )

Vb =  A m o u n t  o f  K O H  w a s  u s e d  in  t i t r a t i o n  b l a n k  ( m l)

M W  =  M o l e c u l a r  w e i g h t  o f  p o t a s s i u m  a c i d  p h a t a l a t e

2 .  A  0 .0 2  M  o f  K O H  s o l u t i o n  w a s  u s e d  to  m e a s u r e  t h e  c o n c e n t r a t i o n  o f  H C 1

s o l u t i o n .

K O H  +  H C l  - »  H 20  +  K C 1

3 . T o  e v a l u a t e  t h e  b a s i c i t y  o f  c a t a l y s t s ,  t h e  r e m a i n e d  H C 1  in  t h e  s o l u t i o n  w a s  

c a l c u l a t e d .

Table A .l C a l c u l a t i o n  t h e  b a s i c  s i t e  o f  c a t a l y s t s

S a m p le N o .
V o lu m e  (m l)

K O H H C 1 W e ig h t  o f B a c k
T o ta l
B a s ic

T o ta l
B a s ic A v g .

S ta r t F in a l (m l) (m l) C a ta ly s t T i t r a t i o n S ite
(m m o l)

S ite
( tn m o l /g )

C P  ( C a :Z n  = 1 10 1 3 .9 5 3 .9 5 5 0 .1 0 0 5 2 .2 5 0 .0 4 7 6 0 .4 7 3
0 .4 7 5

1 :3 , 8 0 0  ° C ) 2 10 1 3 .9 3 .9 5 0 .1 0 2 2 .3 0 .0 4 8 6 0 .4 7 6

C P  ( C a :Z n  =
1 13 1 3 .5 5 0 .5 5 5 0 .1 0 0 8 5 .6 5 0 .1 1 9 5 1 .1 8 5

1 .1 9 2
1 : 3 ,8 0 0  ° C ) 2 14 1 4 .4 5 0 .4 5 5 0 .1 0 1 5 5 .7 5 0 .1 2 1 6 1 .1 9 8



79

Appendix B Gas Chromatography (GC)

Table B .l C a l c u l a t i o n  o f  t h e  m e th y l  e s t e r  y ie ld  a n d  w e i g h t  o f  p a l m  o i l

F r e e  F a t t y  A c i d M o l e c u l a r
M o l e c u l a r  w e i g h t  

( X I )

M e th y l  e s t e r  

( w t % )  

( X 2 )

( X I  X  X 2 )

caprylic (C 8:0) C 27H 50O2 4 7 0 0.01 0 .0 5

c a r p i c  ( C l 0 :0 ) C 33H62O2 5 5 4 0.01 0 .0 6

L a u r i e  ( C l 2 :0 ) C 3 9H 7 4 O 2 6 3 8 0 . 2 0 1 .2 8

M y r i s t i c  ( C l 4 :0 ) C 4 5 H 86O 2 7 2 2 0 .8 3 5 .9 9

P a l m i t i c  ( C l 6 :0 ) C 5 1 H 98O 2 8 0 6 4 0 .2 9 3 2 4 .7 4

S te a r ic  ( C l 8 :0 ) C 5 7 P I96O 2 8 9 0 3 .7 0 3 2 .9 3

O le ic  ( C l 8 :1 ) C 5 7 H 9 4O 2 8 8 4 4 3 .7 3 3 8 6 .5 7

L i n o l e i c  ( C l 8 :2 ) C 5 7 H 92O 2 8 7 8 1 0 .6 4 9 3 .4 2

L i n o l e n i c  ( C l 8 :3 ) C 5 7 H 90O 2 8 7 2 0 .1 9 1 . 6 6

A r a c h i d i c  ( C 2 0 : 0 ) C 6 3H 12 2O 2 9 7 4 0 .3 0 2 .9 2

T o t a l 1 0 0 8 4 9 .6 1
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Figure B.l C h r o m a t o g r a m  o f  f a t t y  a c i d  m e t h y l  e s t e r  ( F A M E s )  in  b io d i e s e l

T h e  m e th y l  e s t e r  c o n te n t ,  y i e l d ,  a n d  c o n v e r s i o n  w e r e  d e t e r m i n e d  u s in g  E q u a t i o n s  ( 1 ) .

c  =  Ae' X Cei x  Vei X 1 0 0  ( 1 )A 1:, m

c  M e th y l  e s t e r  c o n t e n t  o r  F a t ty  a c i d  m e t h y l  e s t e r  ( F A M E )

^  A T h e  o v e r a l l  a r e a  o f  m e th y l  e s t e r  f r o m  c  14 to  c 24

Afi T h e  p e a k  a r e a  o f  t h a t  w h i c h  is  a l i g n e d  w i th

m e t h y l h e p t a d e c a n o a t e  s o l u t i o n

CE1 C o n c e n t r a t i o n  in  m g / m l  o f  m e th y l  h e p t a d e c a n o a t e  s o lu t io n

V81 V o l u m e  o f  m e th y l  h e p t a d e c a n o a t e  s o l u t i o n

m W e i g h t  i n  m g  o f  s a m p l e
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Figure B.2 M e th y l  e s t e r  c o n t e n t  o f  b i o d i e s e l  f r o m  C a O - Z n O  ( l : 3 : C P : c a l c i n e d  

8 0 0  ° C : 8 h )  c a t a l y s t

Table B.2 T h e  m e th y l  e s t e r  c o n t e n t s  d a t a  o f  b io d i e s e l  f r o m  C a O - Z n O  

( l : 3 : C P : c a l c i n e d  8 0 0  ° C : 8 h )  c a t a l y s t  a n a l y z e d  b y  u s i n g  a  H e w l e t t  P a c k a r d  G C  m o d e l  

5 8 9 0

P e a k # R e t  T i m e T y p e W i d t h A r e a S t a r t  T i m e E n d  T i m e
1 7 . 4 7 1 B H S 0 . 0 2 9 2 4 0 6 5 7 8 7 . 3 9 3 7 . 4 9 2
2 7 . 5 1 4 H H S 0 . 0 2 3 3 7 8 5 5 3 8 7 . 4 9 2 7 . 5 6 1
3 7 . 5 7 8 H B S 0 . 0 2 7 8 0 3 1 7 . 5 6 1 7 . 7 7 3
4 7 . 6 3 8 B V T 0 . 0 2 9 6 1 1 7 . 6 1 1 7 . 6 5 5

-  5 7 . 6 8 2 V B T 0 . 0 3 2 1 5 1 9 7 . 6 5 5 7 . 7 2 3
6 1 2 . 8 9 4 B B 0 . 0 6 2 1 3 0 9 1 2 .7 9 3 1 3
7 1 7 . 9 4 B B 0 . 0 8 2 2 7 6 6 1 7 .7 9 1 8 . 0 8
8 2 6 . 4 0 7 B B 0 . 0 9 1 9 7 3 7 8 2 6 . 1 4 7 2 6 . 6 4 7
9 3 0 . 9 3 9 BB 0 . 0 8 4 6 2 5 5 9 3 0 . 7 1 7 3 1 . 1 6 7
10 3 5 . 3 0 3 BB 0 . 0 8 1 9 5 7 8 3 5 . 1 5 3 5 . 4 6 7
11 3 7 . 5 3 7 BV 0 . 0 8 6 1 0 5 9 7 9 3 7 . 2 8 7 3 7 . 7 1 7
12 3 7 . 8 2 8 V B 0 . 0 7 3 1 9 9 2 3 7 . 7 1 7 3 7 . 9 5 7
1 3 4 0 . 7 7 6 BB 0 . 0 7 1 2 7 3 6 9 4 0 . 6 2 4 0 . 9 8 3
1 4 4 3 . 3 5 2 B B 0 . 0 7 6 8 4 5 4 3 . 2 4 7 4 3 . 4 7 7
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Figure B.3 M e th y l  e s t e r  c o n t e n t  o f  b io d i e s e l  f r o m  C a O - Z n O  ( l : 3 : I W I : c a l c i n e d  

9 0 0  ๐C : 8 h )  c a t a l y s t

Table B.3 T h e  m e th y l  e s t e r  c o n t e n t s  d a t a  o f  b io d i e s e l  f r o m  C a O - Z n O  

( 1 : 3 : I W I : c a l c i n e d  9 0 0  ° C : 8 h )  c a t a l y s t  a n a l y z e d  b y  u s i n g  a  H e w l e t t  P a c k a r d  G C  

m o d e l  5 8 9 0

P e a k # R e t  T i m e T y p e W i d t h A r e a S t a r t  T i m e E n d  T i m e
1 7 . 4 8 7 B H S 0 . 0 2 7 2 0 4 6 0 3 9 7 .4 1 7 . 5 0 2
2 7 . 5 2 4 H H S 0 . 0 2 4 4 6 3 8 0 6 9 7 .5 0 2 7 . 5 7 2
3 7 .5 8 8 H B S 0 . 0 3 2 1 2 1 6 7 7 . 5 7 2 7 . 8 6 3
4 7 .6 9 1 B V T 0 . 0 4 2 5 2 3 6 7 .6 2 1 7 . 7 4
5 1 2 .8 7 2 BB 0 . 0 5 7 1 4 6 9 1 2 .7 7 1 2 .9 7 3
6 1 7 .8 7 9 B B 0 . 0 8 1 2 9 7 1 1 7 .7 4 7 1 8 .0 3
7 2 6 .3 0 6 B B 0 .0 8 9 1 0 3 3 1 7 2 6 .0 5 2 6 . 5 5
8 3 0 .8 1 9 BB 0 .0 8 3 6 4 4 5 2 3 0 .5 9 3 3 1 . 0 1 7
9 3 5 .1 6 9 BB 0 . 0 8 1 1 0 2 8 5 3 5 .0 1 3 3 5 . 3 6
10 3 7 .4 1 8 B V 0 . 0 9 1 1 1 3 6 2 0 3 7 . 1 7 3 7 . 5 7 7
11 3 7 . 7 0 4 V B 0 . 0 7 6 2 1 8 5 3 7 . 5 7 7 3 7 . 8 3 3
12 4 0 . 6 5 7 B B 0 .0 7 9 2 9 5 6 6 4 0 . 4 5 4 0 . 8 1 3
1 3 4 3 . 2 0 5 BB 0 . 0 8 9 8 4 4 3 . 0 6 7 4 3 . 3 3
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Appendix c  Calculation of Crystal Size from X-ray Diffraction (XRD)

T h e  S c h e r r e r  E q u a t i o n  

t ,  t h i c k n e s s  =  0 .8 9  À /(P  c o s  0 )

S a m p l e P ( o ) p  ( r a d i u s ) P a r t i c l e  s i z e  ( n m )

Z n O  o f  C P  ( 1 : 3 ,  8 0 0  ° C ) 0 .2 5 1 0 .0 0 4 3 8 1 3 2 .9 3

Z n O  o f  C P  ( 1 : 1 ,  8 0 0  ° C ) 0 .2 3 7 0 .0 0 4 1 3 7 3 4 .8 7

Example C r y s t a l  s i z e  o f  Z n O  a t  C P  ( 1 : 3 ,  8 0 0  ° C )  

p  =  0 .2 5 1  °, l  = 0 .1 5 4  n m ,  2 0  =  3 6 .3 6 5 °

9  =  1 8 .1 8 3  °; c o s  ( 1 8 .1 8 3 )  =  0 .9 5 0  

3 6 0  0 =  2  X  3 .1 4 2

p  i n  r a d i a n  =  .2 9 7  X  2  X  3 .1 4 2 / ( 3 6 0 )  =  .0 0 4 3 8 1  

t  =  3 2 .9 3  n m



84

CURRICULUM VITAE

Name: M r .  P a t h r a v u t  K l i n k l o m

Date of Birth: A p r i l  3 0 ,  1 9 8 9

Nationality: T h a i

University Education:
2 0 0 7 - 2 0 1 1  B a c h e l o r  D e g r e e  o f  P e t r o c h e m i c a l  a n d  P o l y m e r i c  M a t e r i a l ,  

F a c u l t y  o f  E n g i n e e r i n g  a n d  I n d u s t r i a l  T e c h n o l o g y ,  S i l p a k o m  U n i v e r s i t y ,  

N a k o m p a t h o m ,  T h a i l a n d  

Work Experience:
2 0 1 0  P o s i t i o n :  I n t e r n s h i p  S t u d e n t

C o m p a n y  N a m e :  V e e r a s u w a n  L td .

Proceedings:
1. K l i n k l o m ,  p . ;  L u e n g n a r u e m i t c h a i ,  A . ;  a n d  J a i - I n ,  ร . ( 2 0 1 3 ,  A p r i l  2 3 )  

T r a n s e s t e r i f i c a t i o n  o f  V e g e t a b l e  O i l  t o  B i o d i e s e l  U s i n g  C a O - Z n O  C a t a l y s t .  

P r o c e e d i n g s  o f  t h e  4 Ul R e s e a r c h  S y m p o s i u m  o n  P e t r o l e u m .  P e t r o c h e m i c a l ,  a n d  

A d v a n c e d  M a t e r i a l s  a n d  1 9 th P P C  S y m p o s i u m  o n  P e t r o l e u m .  P e t r o c h e m i c a l ,  a n d  

P o l y m e r s , B a n g k o k ,  T h a i l a n d .


	REFERENCES
	APPENDIX
	Appendix A Acid Titration Method
	Appendix B Gas Chromatography (GC)
	Appendix C Calculation of Crystal Size from X-ray Diffraction (XRD)

	CURRICULUM VITAE

