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A P P E N D I X  A

E X P E R I M E N T A L  A N D  D A T A  A N A L Y S I S

Raw Data in the Characte riza tion  o f Palm O lein O il and Coconut O il

A - l  Free F a tty  Acids, A O C S  O ffic ia l methods Ca 5a-40

De fin ition
This method determines the free fatty acids existing in the sample.

Scope
Applicab le to all palm olein o il and coconut oil.

Apparatus
1. O il sample bottles 250 m l Erlenmeyer flasks.

Reagents
1. E thy l alcohol, 95%. The alcohol must give a definite, distinct and sharp 

end point w ith phenolphtlein and must be neutralized w ith alkali to a 

faint, but permanent p ink color just before using.

2. Phenolphtlein indicator solution 1% in 95% alcohol.

3. Sodium hydroxide solution accurately standardized. Table A . l  for the 

appropriate normality o f  the expected free fatty acid concentration rang 

in the sample.
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Table A . l  Free fatty acid range, alcohol volume and strength o f alkali.

FF  A  range (%) Sample (g) A lcoho l (ml) Strength o f alkali

0.0 to 0.2 56.4 ±0.2 50 0.1 N

0.2 to 1.0 28.2 ±0.2 50 0.1 N

1.0 to 30.0 7.05 ±0.05 75 0.25 N

30.0 to 50.0 7.05 ±0.05 100 0.25 or 0.1 N

50.0 to 100 3.525 ±0.001 100 0.1 N

Procedure
1. Sample must be w ell m ixed and entirely liqu id  before weighing; 

however, do not heat the sample more than 10°c over the melting point.

2. Use Table A . l  to determine the sample weight for various ranges o f 

fatty acids. W eigh the designated sample size into and o il sample bottle 

or Erlenmeyer flasks

3. Add  the specified amount o f  hot neutralized alcohol and 2 ml o f 

indicator.

4. Titrate w ith standard sodium hydroxide, shaking vigorously until the 

appearance o f  the first permanent p ink color o f  the sample. The color 

must persist for 30 seconds.

Calculations
1. The percentage o f free fatty acids in most types o f  fats and oils is

calculated as oleic acid, although in coconut and palm kernel oils it is

frequently expressed as lauric acid and palm o il in terms palm itic acid.

„ „ ^ . 1 1 . ท. ml of alkali X  N X  28.2
Free fatty acid as oleic, % = -------------—------ 7—mass, g of sample
„ „ _ . 1 1 . 1. .  ml of alkali X  N X  20.0
Free fatty acid as luaric, % = -------------—------ 7—mass, g of sample

ml of alkali X  N X  25.6
Free fatty acid as palm itic, % mass, g of sample
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2. The free fatty acids are frequently expressed in terms o f  acid value 

instead o f percentage free fatty acids. The acid value is defined as the 

number o f  m illigram s o f K O H  necessary to neutralize 1 g o f  sample.

A-2 Ac id  Value A O C S  O ffic ia l Method Cd-3d-63

1. Weigh o f sample 10-20 g. in conical flasks 250 ml.

2. Add  m ix equal volumes o f 95% toluene and iso-propanol molar ratio 1:1 add 

50 ml.

3. Solution is titrated w ith 0.1 N  potassium hydroxide solutions.

4. Titrate w hile  sw irling, using phenolphthalein as indicator.

Calcu la tion

Let: Weight (in g.) o f  sample = พ

Volum e (in ml.) o f  potassium hydroxide used = V

Norm ality o f  potassium hydroxide = N

M olecu lar weight o f  the fatty acids = M

56-lNv
พ

56.1x0,10x1.3
k T~

0.7 m illigram  K O H / g o il

Acid  value o f coconut o il

A c id  value =

A c id  value = 

A c id  value =
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Acid  value o f pa lm  olein o il

56.1NV 
พ

56.1x0,10x0.84 
นิ)

0.47 m illigram  K O H / g o il

A-3 Saponification Value, A O C S  offic ia l Method Cd-3b-76

The saponification value is determined by completely saponifying the 

o il or fat w ith a known amount o f  potassium hydroxide, the excess o f  which is 

determined by titration.

Reagents
Hydroch loric acid 0.5 N  aqueous solution accurately standardized. 

Potassium hydroxide 0.5 N  solution in 95% ethanol.

Phenolphthalein indicator 1% in 95% ethanol.

Appara tus
Conica l flasks 250 ml; made o f alkali-resistant glass; provided w ith a 

reflux condenser w ith a ground joint.

Process

1. W eigh into a 250 ml. conical flask about 4 g. filtered fat w ith an 

accuracy o f  1 mg.

2. Add, accurately measured, 50 ml. 0.5 N  ethanol potassium hydroxide 

solution to the cold fat and attach the reflux condenser to the flask.

A c id  value =

A c id  value =

A c id  value =



8 5

3. Heat, and as soon as the ethanol boil, occasionally shake the flask 

until the fat is completely dissolved. B o il the solution for h a lf an hour after the 

fat is completely dissolved.

4. Add  1 ml. phenolphthalein indicator and slow ly titrate the hot soap 

solution obtained w ith 0.5 N  HC1.

5. Carry out a blank determination upon the same quantity o f  potassium 

hydroxide solution at the same time and under the same conditions.

Calcu la tion

Let; Weight (in g.) o f  o il or fat taken = พ

Volum e (in ml.) o f  hydrochloric acid used in test = Vi

Volum e (in ml.) o f  hydrochloric acid used in blank = v2

Norm ality o f  hydrochloric acid = N

Saponification value = — :---- —------ —พ

For the determination o f the mean molecular weigh o f the fatty acids 

present in a fat the fo llow ing methods may be used. Assum ing the fat to 

consist o f  a m ixture o f  triglycerides and free fatty acids and fixed and free fatty 

acids to have the same mean molecular weight, an apparent value for the mean 

molecular weigh o f  the fatty acids (M ) may be calculated:

- , 1 1 . . 56108-1 2 .6 7 (S V -A V )Molecular weight = ------------- -----------------sv

Where

S V  = saponification value o f the oil 

A V  = acid value o f  the o il
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Note: The saponification value (S.V), which is related to the molecular weigh 

o f the fat, denotes the number o f  mg. potassium hydroxide which is required to 

saponify 1 g. o f  fat, i.e. to neutralize the free fatty acids and the fatty acids 

combined as glycerides.

A-4 Ca lcu la tion  m olecu lar we igh t o f palm  olein o il

Saponification value o f palm fatty acid, A O C S  o ffic ia l Method Cd-3b-76 

Calcu la tion

Let; Weight (in g.) o f  o il or fat taken = พ

Volum e (in ml.) o f  hydrochloric acid used in test = V!

Vo lum e (in ml.) o f  hydrochloric acid used in blank = v2

Norm ality o f  hydrochloric acid = N

Saponification value =
56.1N(v2 -V |)

พ

Saponification value o f palm  olein o il

Saponification value

s v
s v

56.1N(v2 -  V | )
พ

56.1 X  0.5 X  (22 - 7) 
2

= 210 mg KO H /g  o il
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For the determination o f  the mean molecular weigh o f the fatty acids 

present in a fat the fo llow ing methods may be used;

Assum ing the fat to consist o f  a mixture o f  triglycerides and free fatty 

acids and fixed and free fatty acids to have the same mean molecular weight, 

an apparent value for the mean molecular weigh o f the fatty acids (M ) may be 

calculated:

Where

s v  = saponification value o f the oil

A V  = acid value o f  the o il

1. ,  1 1 . . _  56108 -12.67(SV-AV)
M olecu lar weight = ------------------------------ -SV
1. .  1 1 . , _  56108-12.67(210-0.47)M olecu lar weight = -------------- :------------------210
M olecu lar weight = 254.54

Mean M olecu lar weight o f  triglyceride

M .M W  = (3) (M W ) + 38 

M .M W  = (3) (254.54) + 38

M .M W  = 801.62 g/mole
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A-5 Ca lcu la tion  m olecu la r we igh t o f coconut o il

Saponification value o f palm fatty acid, A O C S  o ffic ia l Method Cd-3b-76 

Calcu la tion

Let; W eight (in g.) o f  o il or fat taken 

Vo lum e (in ml.) o f  hydrochloric acid used 

Vo lum e (in ml.) o f  hydrochloric acid used 

Norm ality o f  hydrochloric acid

Saponification value = v -พ

in test 

in blank

= พ 
= V1
= v2 

= N

Saponification o f coconut o il

Saponification value =

s v
s v

56.1N(v2 -V ,)
พ

56.1X  0.5 X  (22-4.4)
2

247 mg KO H /g  o il

For the determination o f the mean molecular weigh o f the fatty acids 

present in a fat the fo llow ing methods may be used;

Assum ing the fat to consist o f  a mixture o f  triglycerides and free fatty 

acids and fixed and free fatty acids to have the same mean molecular weight, 

an apparent value for the mean molecular weigh o f the fatty acids (M ) may be 

calculated:
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Where

S V  = saponification value o f the oil 

A V  = acid value o f  the oil

, , 1 1 . 56108-12.67(SV-AV)M olecu lar weight = --------------——----------- -SV
. , 1 1 . 56108-12.67(247-0.7)M olecu lar weight = --------------—- -̂------------247
M olecu lar weight = 214.53 

Mean M olecu la r weight o f  triglyceride

M .M W  = (3) (M W ) + 38 

M .M W  = (3) (214.53) + 38

M .M W  = 681.57 g/mole
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A-6 Iod ine Value, E N  14111:2003

The Iodine value is a measure o f total unsaturation w ith in a mixture o f 

fatty materials, regardless o f  the relative shares o f  mono-, di-, tri- and poly 

unsaturated compounds.

Reagents
Potassium iodine 100 g/1 N  aqueous solution.

Sodium thiosulfate 0.1 mol/1

Solvent, m ixing equal volumes o f cyclohexane and acetic acid.

W ijs reagent (iodine monochloride in acetic acid) 0.1 mol/1

Iod ine Value
Iodine Va lue is reported as grams o f iodine per 100 g o f  F A M E  

Apparatus
Conica l flasks 500 ml; made o f alkali-resistant glass; provided w ith a 

reflux condenser w ith a ground joint.

Process
1. Weight into a 500 ml. conical flask and dissolve using 20 ml o f 

solvent. A dd  25 m l o f  W ijs reagent using a precision pipette. Insert the 

stopper, sw irl carefully and place the flask in the dark.

2. Prepare a blank w ith solvent and reagent as in 1 but omitting the test 

portion.

3. Leave the flask in the dark

4. A t  the end o f the reaction time add 20 m l o f  potassium iodide solution 

and 150 ml o f  water. Titrate w ith standard sodium thiosulfate solution until the 

yellow  color due to iodine has almost disappeared.

5. Carry out a blank test using the blank solution.
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Calcu la tion
The iodine value in g o f  iodine/ 100 g o f  F A M E , is given by the 

fo llow ing equation

Iodine V a lu e r  ^ * C * ( V ,  -  v ; )
ทไ

Where

c  is the exact concentration, in moles per liter, o f  the standard 

volumetric sodium thiosulfate solution.

V i is the volume, in m illiliters, o f  standard volumetric sodium 

thiosulfate solution used for blank test.

v 2 is the volume, in m illiliters, o f  standard volumetric sodium 

thiosulfate solution used for sample titration.

m is the mass, in grams, o f  the test portion.

Iod ine value o f pa lm  olein o il

Iodine V a lu e r  - V . )
m

1 = 12.69x0.1x(16-9.6)
= (น ิร ิ

IV  = 54 g I2/100 g o f o il

Iod ine value o f coconut o il

Iodine Va lue = 12,69 x c ~ Y j
m

= 12.69 X 0.1 X (16 -14.8)
= ÔT5
= 10 g I2/ l 00 g o f o ilI V



A P P E N D I X  B

C A L C U L A T I O N  O F  C O N C E N T R A T I O N  O F

M E T H Y L  E S T E R

B - l Response fa c to r o f m ethy l esters and fa tty  acid

The response factor is defined as

r , T7 . _  Area of methyl esters X g of internal standard in solutionResponse Factor = -------— Ft----------- —  “ ------------- -̂----- ------------Area of internal standard X g of methyl esters

Response factor calculations are based on the data from the chromatogram o f 

standard methyl esters and fatty acids.

Response Factor o f  methyl myristate 

Response Factor o f  methyl myristate 

Response Factor o f  methyl palmitate 

Response Factor o f  methyl palmitate 

Response Factor o f  methyl palmitoleate 

Response Factor o f  methyl palmitoleate 

Response Factor o f  methyl stearate

309x0,075 
= 10142x0.01996
= 1.15

4814x0.075 
= 10142x0.029910
= 1.20

484x0,075 
= 10142x0.002991
= 1.20

2413x0.075 
= 10142x0.013986

Response Factor o f  methyl stearate = 1.28
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Response Factor o f  methyl 

Response Factor o f  methyl 

Response Factor o f  methyl 

Response Factor o f  methyl 

Response Factor o f  methyl 

Response Factor o f  methyl

oleate

oleate

linoleate

linoleate

linolenate

linolenate

6703x0.075 
= 10142x0.040877

= 1.22
1142x0.075 

= 10142x0.06972

= 1.22
492x0,075 

= 10142x0.02985

= 1.23

B-2 Analysis o f m ethy l esters and free fa tty  acid

Analys is o f  methyl esters and free fatty acids in product by used gas 

chromatography (GC). The retention time o f each methyl esters are different. 

Therefore, for find the type o f  methyl esters by compare retention time o f each 

methyl esters w ith methyl esters standard. The retention time are shown in 

Table B - l.

Table B - l Retention time o f methyl esters and fatty acids in G C  chromatogram

Nunber o f  peak Retention time (min) Peak o f sample

1 1.479 N-Heptane

2 6.911 M ethyl Decanoate

3 9.787 M ethyl Myristate

4 10.788 M ethyl Palmitate

5 10.860 M ethyl Palmitoleate

6 11.625 M ethyl Stearate

7 11.704 M ethyl Oleate

8 11.860 M ethyl Linoleate

9 11.088 M ethyl Linolenate
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B-3 G C  ch rom atogram  o f  m ethyl esters and fatty  acid  from  exp erim ent

From experiment o f  two-step using acid and alkaline catalysts can see 

main methyl esters and fatty acids.

F igure  B - l  Chromatogram for methyl esters and fatty acid at condition: Palm 
olein oils reactant, molar ratio o f  methanol to o il o f  6:1, 5 %wt CaO, 60 min at 
temperature o f  60°c and at ambient pressure

Table B-2 Area o f methyl esters sample in Gas Chromatogram

Retention Time Peak o f Sample Area %Area
6.911 M ethyl Decanoate 8168 40.34
9.787 M ethyl Myristate 120 0.59
10.788 M ethyl Palmitate 4479 22.12
10.86 M ethyl Palmitoleate 27 0.13

11.625 M ethyl Stearate 429 2.12
11.704 M ethyl Oleate 5587 27.59
11.86 M ethyl Linoleate 1411 6.97

11.088 M ethyl Linolenate 27 0.13
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Exam p le l. From  figure B - l ,  find concentration o f methyl esters molar ratio o f 

methanol to o il o f  6:1, 5 %wt (N H ^C C V C aO , 60 min at temperature o f  60°c  
and at ambient pressure. Product o f  0.0428 added to 0.6424 g o f  methyl 

decanoate solution in n-heptane.

Note that: In methyl decanoate solution 0.6424 g has 0.0320 g o f methyl 

decanoate.

%Methyl esters or free fatty acids = g of total methyl esters or fatty acids X100 
g of sample

-r 1 __. __  Area of methyl estersg or methyl esters = — ะ—  -  ---------Area of internal standard
g of internal standard in solution 

R.F of methyl esters

g o f methyl myristate 130x0.0320
8252x1.15

= 4.35 X 10-4

g o f methyl palmitate _ 4502x0.0320 
8252x1.20

= 1.46 X 10'2

g o f methyl palmitoleate _ 28.33x0.0320
= 9.11 X 10'5

8252x1.20

g o f methyl stearate _ 17.27x0.0320 = 5.22 X 10‘5
8252x1.28

g o f methyl oleate
_ 5930x0.0320 

8252x1.22
= 1.89 X 10'2

g o f methyl linoleate
_ 1429x0.0320 

8252x1.22
= 4.55 X 10'3

g o f methyl linolenate
_ 27.57x0.0320

= 8.71 X 10'5
8252x1.23

Also; g o f  total methyl esters = 3.87 X 1 O'2

% Methyl esters = 3-87 * 10 X 100
2 0.0428

= 89.5%% Methyl esters
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Data F i le  C:\HPCK5M\.l\DrtTA\?09022c\SIG20005.C' Sample Name: 3t  CO 2
In je c t io n  Date ร 2/26/2009 11:45:33 AM Sag. L ine : :
Sample Marne : S t cc :  Location  : V ia l  ะ
Acq. O perator : pump Ir . j  : 2
Acq. liia txu m sn t : i iis lru m s n t 1 In i  Volume : 1 u l
Acq. Method ะ C:\HPCKEK\l\METBODS\FUMP FXD.M
Last changed : 2 /26/2009 10:31:08 AM by punp
A n a lys is  Method ะ c : \Ji?CKEK\l \MSfHODS\PCOoOcAL.M
Last changed ะ 3/12/2009 10:46:31 AN by FLOY

In te rn a l standard Report

Sorted  By : s ig n a l
C a lib . Lata M od ified  : 3/12/2009 10:40:28 AM
M u lt ip l ie r  : 1.0000
D i lu t io n  : 1.0000
Use M u l t ip l ie r  4 D i lu t io n  Fac tor w ith  1221ะ:
Sample I3 -D  In fo rm a tio n :
I. STL I3TD A m o u n t Name

# [ppm;
1 4 . 8325064 M ethyl Decanoate

S ig na l i :  FIDO B,
ftetTime Type Area Amt/Area .Art lin t Grp Name

[mini [pA tt r a t i o  If f *]
1.418 30 ร 
3.€30 SB 
6.913 3B 
9.643 3B 
9 .ร ุ::: 3B 

-0.744 BP 
น . 584 BV 
น .  633 VB 
น .ร ุ/ : '  VB

1.74894*5 
ระ2.29443 

I  1 .057?3s4 
7065.3725c p 
2335.44604 3 
1157.56035 รุ 

400.07482 รุ 
2046.c cร ุ77 2 

.น.].น . :6น  7

0,00000 0.00000
1.20218 4554.83624 
1.00000 4.33250S4 

.561139-1 3.0863294 

.942926-1 5622.92243 
47630e-l 4432.7683? 

.45025*-! 1820.86624
21105e-1 7679.65051 
71 266e- .ร 1020.03507

Heptane
ftechyl Octanoate 
M ethy l Decanoate 
M ethy l Laura te  
M ethyl M y r is ta te  
M ethyl P a im ita ts  
M ethyl s te a ra te  
M ethyl C lea ts  
M ethyl L in c le a te

T o ta ls  W ith ou t IS T L is ! : c.1Û533S4

Figure B-2 Chromatogram for methyl esters: standard of coconut oil



Bâté r i le  C:\HPCHEKU\Dm\IJO90227\รK20012.D Sample Same:
In jection Case 
Sample Mass 
icq. Operator 
icq. Instrument 
icq. Method 
Last changed 
ina lysis sîethod 
Last changed

ะ 2/27/2005 3:35:33 ?H Seq. Line
: n c c  Location
: Instrument 1 เท] Volume: C:\HFCHEM\1\METH0DS\5BM? riD.M 
: 2/27/2005 2:40:18 m  by pump : C: \n?CHEH'\ 1 \METH02S \ PCOCCCAL. H 
: 3/12/2005 7:56:11 ?M by ?LOY 

(E-cdifisd a fte r loading)

n il 52
1 i l

Sorted By ะCalib. Data Modified : MultiplierDilution ÎUse Multiplier £ Dilution Sample ISiD Information: I5TD ISTD Amount Marne * [ppo]

Signal
3/12/2009 10 ะ 4€ ะ 26 AM 1.0000 1.0000Factor with ISTDa

4.23250e4 Methyl Decanoace
Signal
RetTimeCain ใ

1: FID 
Type

2 3,
Area[pAy 3 3 Amt/Area ratio Amount Grp Mams [ppm]

1.470 33 ร 1.79393*5 0.00000 0.00000 Heptane3.629 PB 77.51321 6.1321€e-l 261.74450 Methyl Octanoate£.513 S3 ï S775.72461 1.00000 4.53250e4 Methyl Decanoate5.642 BB 5467.79590 5.52184e-l 2. >36696e4 Methyl Laurate9.814 53 2201.07495 8.99452e-l 1.09019e4 Methyl Myriatate10.762 BV 1151.30547 ร.5S134e~l 5623.47605 Methyl Paimitate11.602 BV 347.30115 ร.3S328*-i 1603.27359 Methyl Stearate11.674 va 1660.60503 5.199c0e-l 7458.05707 Methyl Oleate11.339 VB 314.02478 6.Q1285e-1 1385.60548 Methyl Linoleate
Totals 1without IBID(5) ะ ร.S545?e4

Figure B-3 Chromatogram for methyl esters: (NH4)2C 03/Ca0 catalyst of 
coconut oil
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Data File C s \8 K ^ i\8 m ,« M M S m S ie W ô lO Saitpie  Ma m s; ท-ะรุ
In je c t io n  Cate ะ 2,'27/2ÛM  ระ 10 :16 PM Saq. L ite  : IS
Saaple îlæse : r.ct LhcatiDS. : IT ia i 55
ic q . Operator : ponnp Tnj : 1
icq . Instrum ent ะ Instru isent : ÎJ ij vcUm i : i p i
ic q . attfcca ร CîiaPCHIKU'JŒTaCDSiï-HMÎ F IS .»
ะ.»8t sbum d : Se27/2039 2:<0ii£ ïïl'sv  poatp-
i n a l ’/ s i s  iëetkoa ะ c ะ พ ํCœ KU\IŒ TBC0S\P6ÎHaÙt.M  Last charged : 3/5/2505 11; 55:35 LM by rrj.3 (HCdrtred after loading:

Internai Standard Report
S orted  Sy : S igna l
c m * . Bata I to d m e d  : Tuesday, March 33, 200= 8*15:87 PH
M u lt ip lie r  ; 1,0000
d ilu t io n  ; 1,0000
Cse H ssitrpL ier 4 D ilu t io n  F i t t e r  w ith  ISTDs
Sample IS  i t  In fo rm a tio n :
IST2

f
IS II* pjizrmt 

pvir:
Ü33L2

l 4.83~S0e4 M ethy l D *c*no*t«

S ig na l I ; F î t»  3,
Retime Type Area fist/AreaiaiSj [pà'a] ratio

1.475 15 ร 
6 .5 Ï4  ES I  ร. 7S4 55 

ะ : . :  15 BY 10,067 VS 
11.7.3 BY น.. 75>i พ vs

ะ. 77i«e5 0.0100 a
8251. « IS 5  1.03303 
129.50633 8.S203?e-l 

4501.62050 e>.3414Je-l 
28.33102 1.02727

5539.15350 ร .20Î07C-1 
17.27261 6.0D5S3

1429..3770 8.271151-1
12.197 พ 27,565-8 9.*05861-1

iidvsr.t îrp Saneprat I
D.00002 4.a?’ ase4 ««9.71083 '.2015=64 

17c,33536 
S.SESO'ci 
ÏÜB.ISSSI 6:61.45242 
155.25906

HeptaneMethyl Deeanoate Methyl Hyriataxe 
Methÿl ïê lm its te  Methyl 3 tla.it:. It i t  ะ Methyl o-icstc Methyl Stearate Methyl iir.tleate Methyl liht.er.ate

T o ta ls  w ith o u t ISTE(s) ร.?DOÎIf4
F igure B-4 Chromatogram for methyl esters: (N H 4)2C 0 3/C a0  catalyst o f palm 

olein o il



A P P E N D I X  c

R A W  D A T A  F O R  T H E  C H A R A C T E R I Z A T I O N  O F

C A T A L Y S T

Data of BET surface area of CaO

M i c r o m e r i t i c s  I n s t r u m e n t  C o r p o r a t i o n

ASAP 2000 V3.03 A
SAMPLE DIRECTOR Y/NUMBER. BET '127 
SAMPLE ID: 30° O NH42C03 
SUBMITTER:
OPERATOR:
UNIT NUMBER: 1
-ANALYSIS GAS: Nitrogen

PAGE 15 
START 10:2307 01/28/09 
COMPL 13:33:36 01 /28/09 
REPRT 16:08:21 01/28/09 
SAMPLE W T: 0.3176 g 
FREE SPACE: 39.1288 cc 

EQUIL INTRVL: 10 see

SUMMARY REPORT 
AREA

BET SLERFACE AREA: 18.8614 sq. ni'g
SINGLE POINT SURFACE AREA AT P/Po 0.19961: 18.0676 sq. in'g
BJH CLTMULATIVE -ADSORPTION BET SFTRF ACE AREA OF PORES 

BETWEEN 17.0000 AND 30000.0000 A DIAMETER: 23.8137 sq. เท/g
BJH CUMULATIVE DESORPTION BET SURFACE AREA OF PORES 

BETWEEN 17.0000 AND 30000.0000 A DIAMETER: 27.1973 sq. เท/g
MICROPORE AREA: 0.3497 sq. เท/g

VOLUME
SINGLE POINT TOTAL PORE VOLUME OF PORE LESS THAN
1190 6276 A DIAMETER AT P/Po 0.9835: 0.078092 cc/g

BJH CUMULATIVE ADSORPTION PORE VOLUME OF PORES 
BETWEEN 17.0000 AND 30000.0000 A DIAMETER: 0.083995 cc/g

BJH CUMULATIVE DESORPTION PORE VOLUME OF PORES 
BETWEEN 17.0000 AND 30000.0000 A DIAMETER: 0.087201 cc/g

MICROPORE VOLUME: 0.000070 cc/g
PORE SIZE

AVERAGE PORE DIAMETER (4V/A BY BET): 
BJH -ADSORPTION AVERAGE PORE DLAMETER: 
BJH DESORPTION AVERAGE PORE DLAMETER:

165.6122 A 
141.0879 A 
128.2497 A



A P P E N D I X  D

E X P E R I M E N T A L  D A T A  A N A L Y S I S

Table D - l The effect o f  amount o f  ammonium and potassium compounds 

modified catalysts

Catalysts

M od ifm g

amount

Total Surface 

area (m2/g)

Average pore 

diameter (À)

Average Pore 

volume

(cc/g)

(N H 4)2C 0 3/CaO 20% 18.71 129.66 0.056

30% 18.86 128.25 0.087

40% 18.27 134.91 0.082

K 2C 0 3/Ca0 20% 8.23 163.61 0.039

30% 9.36 153.67 0.043

40% 8.64 155.48 0.040

(N H 4)2C 0 3/ M gO 20% 89.96 146.06 0.393

30% 98.08 144.51 0.54

40% 71.40 180.80 0.323

K 2C 0 3/ M gO 20% 31.05 151.59 0.151

30% 39.25 148.03 0.244

40% 22.69 160.64 0.098



T ab le  D -2 Percent yield  o f  m ethyl esters by transesterification reaction
%Concentration o f  Esters

Catalysts Methyl 
My ri state

Methyl
Palmitate

Methyl
Palmitoleate

Methyl
Stearate

Methyl
oleate

Methyl
Linoleate

Methyl
Linolenate

SUM %yield
Fresh CaO 42.283 1520.9 8.7377 157.31 1707.1 434.96 10.77846 16725 26.66
Calcined CaO 72.74 3021.4 16.765 30.141 4197.9 967.09 3.76342 34972 56.327
20%(NH4)2CO3/CaO 78.38923 4036.452 24.49218 2.97322 5934.812 1204.493 3.43752 47377.36 85.03572
30%(NH4)2CO3/CaO 129.5063 4501.821 28.33202 17.27261 5930.196 1429.138 27.56518 54091.32 89.50344
40%(NH4)2CO3/CaO 94.2942 3803.292 19.92036 47.26435 5129.73 1155.474 4.42902 44250.33 80.45702
20%K2CO3/CaO 114.0386 4113.533 28.77878 56.86408 5260.771 1397.703 31 18264 44188.72 79.31255
30%K2CO3/CaO 121.6355 4327.672 28.65082 13.871 5757.412 1347.941 4.71282 49310.42 83.89685
40%K2CO3/CaO 110.7684 4022.13 2.4165 32.9993 5371.248 1270.782 4.39897 46286.65 76.58926
Fresh MgO 73.779 201.44 0 16.764 74.501 16.37 6.35172 1626.4 2.5961
Calcined MgO 3.3051 471.03 0 17.842 164.89 140.92 20.83882 3509.2 5.588
20%(NH4)2CO3/MgO 84.99 714.72 14.103 268.2 304.98 287.22 201.1553 7804.2 14.375
30%(NH4)2CO3/MgO 17.122 805 54 3.072 692.22 765.78 227.89 523.915 12462 19.878
40%(NH4)2CO3/MgO 12.562 642.23 20.415 382.19 406.03 98.148 253.6332 7494.8 12.237
20%K2CO3/MgO 16.788 639.69 1.2795 140.26 271.36 107.22 161.9946 5644.7 9.2492
30%K2CO3/MgO 7.5167 719.88 1.3254 225.86 425.05 92.997 214.0535 6988.3 11.149
40%K2CO3/MgO 7.3779 635.17 0 163.7 167.64 74.501 201.4372 5142.4 8.2381

oo



T ab le  D -3 Percent yield  o f  m ethyl esters o f  coconut oil by transesterification reaction
%Concentration o f Esters

Catalysts Methyl
Octanoate

Methyl
Laurate

Methyl
Myristate

Methyl
Palmitate

Methyl
Stearate

Methyl
oleate

Methyl
Linoleate

SUM %yield
Fresh CaO 18.98907 1415.3009 585.9787 357.8355 271.0075 384.9506 7.19935 13552.98 21.67223
Calcined CaO 0 2038.88501 1907.991 1027.02 812.7164 598.027 151.1569 28771.81 50.87101
20%(NH4)2CO3/CaO 77.51321 5467.796 2201.075 1191.30847 347.30115 1660.608 314.0248 50187.19 79.78759
30%(NH4)2CO3/CaO 528.1346 5477.40918 2011.272 1051.206 291.1 1477.957 286.184 50040.25 84.92025
40o/o(NH4)2CC>3/CaO 396.1994 5316.278 1976.425 1036.529 300.1926 1440.979 280.8162 48002.87 76.9734
20%K2CO3/CaO 39259.089 77.693737 1683.204 925.7894 282.999 1279.508 243.0026 39259.089 77.693737
30%K2CC>3/CaO 310.4533 5082 34912 1907.798 1005.183 301.9529 1391.953 264.4888 45273.64 81.15676
40%K2CC>3/CaO 81.38923 3503.02 1800.059 1063.775 329.4072 1438.753 219.9011 38382.76 73.7491
Fresh MgO 0 88.3462 37.92755 33.12522 0 26.32363 0 873.9639 1.161357
Calcined MgO 0 90.6438 75.8013 33.62938 4.31678 10.34394 7.3083 1062.699 2.175735
20%(NH4)2CO3/MgO 12.17974 905.221 261.631 155.7385 9.11591 2.61631 0 6473.914 11.93617
30%(NH4)2CO3/MgO 271.2777 982.02452 483.8961 295.7015 25.83079 136.7983 18.52924 9963.205 15.82137
40%(NH4)2COyMgO 44.51896 910.879 239.311 63.538 0 2.39311 0 5811.198 10.7143
20%K2CO3/MgO 22.5861 425.0511 225.861 142.0535 71.98837 7.5116 0 3995.21 6.344312
30%K2CO3/MgO 35.78355 585.9787 384.8506 15.6265 7.19935 2.45782 0 4795.815 8.842208
40%K2CO3/MgO 26.8824 460.033 110.9135 71.79376 17.18972 6.232 0 3228.651 5.127031

o



Table D-4 Percent yield o f  methyl esters o f palm olein oil using cycle o f  catalyst
%Concentration o f  Esters

Catalysts Cycle Methyl 
Myri state

Methyl
Palmitate

Methyl
Palmitoleate

Methyl
Stearate

Methyl
oleate

Methyl
Linoleate

Methyl
Linolenate

SUM %yield
Fresh 129.50633 4501.8208 28.33202 17.27261 5930.196 1429.1377 27.56518 54091.32 89.50344

1 111.71687 4122.3379 27.35845 27.47007 5329 766 1411 72205 3.45039 48248.01 74.11025
2 91.47028 3368.8501 26.47707 323.7855 4002.076 1148.32593 27.28594 36112.86 57.3897
3 60.78077 2402.6021 13.58288 25.60052 2901.423 725.19159 14.0722 28628.43 45.61688

30%(NH4)2CO3/CaO 4 43.33733 1693.7163 10.21491 18.01523 1844.645 500.64471 11.96545 19116.52 37.84557
5 27.36856 1307.4404 7.8532 15.16014 1460.525 396.17856 9.78932 14941.04 24.01215
6 9.4379 450.22745 2.28008 5.40658 506.2553 119.06895 2.4739 4741.671 7.577215
7 0 0 0 5.29048 0 19.26614 9.78932 136.6779 0.216947

Fresh 17.12165 805.53979 3.07202 692.2189 765.7832 227.89049 523.915 12462.21 19.87799
1 0 420.589 0 316.1276 394.1449 4.69712 106.55 5291.881 9.447227

30%(NH4)2CO3/MgO 2 0 235.1795 0 9.73043 87.69781 8.90328 23.51795 1553.756 4.480201
3 0 26.32363 0 37.92755 33.12522 8.83462 0 459.9358 1.739369
4 0 15.91575 0 21.50547 0 3.70426 0 176.4461 0.281654

oto



Table D-5 Percent yield o f methyl esters o f  coconut oil using cycle o f  catalyst
%Concentration o f Esters

Catalysts Cycle Methyl
Octanoate

Methyl
Laurate

Methyl
Myristate

Methyl
Palmitate

Methyl
Stearate

Methyl
oleate

Methyl
Linoleate

SUM %yield

Fresh 528.13 5477.4 2011.3 1051.2 291.1 1478 286.18 50040 84.92
1 267.32 5147.6 1960.6 1089.9 291.85 1508.8 286.55 42062 67.748
2 189.75 4712.5 1823.5 970.74 271.69 1343.7 236.81 40643 54.197
3 22.874 2299.7 1144.4 1076.7 211.98 860.88 154.83 25458 43.682

30%(NH4)2CO3/CaO 4 16.846 2277.6 621.72 672.5 190.25 851.09 146.11 21951 34.858
5 0 1265 455.71 725.22 144.61 610.57 105.66 15013 21.84
6 0 217.61 271.56 236.35 82.113 341.55 53.687 5242.7 4.3253
7 0 33.292 29.292 12.9456 0 0 6.4272 304.93 0.4842

Fresh 271.28 982.02 483.9 295.7 25.831 136.8 18.529 9963.2 15.821
1 46.004 717.39 268.82 26.882 6.233 11.091 12.18 5143.3 7.4829

30%(NH4)2CO3/MgO 2 34.272 471.27 232.92 25.651 3.9456 0 0 4022.3 3.3873
3 17.841 164.89 140.92 47.103 3.3051 0 0 1733.1 0.8521
4 0 27.651 21.516 2.152 0 0 0 345.15 0.1364

p



Table D-6 Percent yield o f methyl esters o f palm olein oil and coconut oil using cycle o f catalyst
%Concentration of Esters

Catalysts Cycle
Methyl

Myristate
Methyl

Palmitate
Methyl

Palmitole
ate

Methyl
Stearate

Methyl
oleate

Methyl
Linoleate

Methyl
Linolenate

SUM %yield

Fresh 90.29 4103.29 18.76 443.26 5129.73 1155.47 4.76 45596.48 85.78
1 81.74 3121.36 15.92 312.14 4297.87 976.09 3.43 35909.82 57.82
2 82.62 2848.69 15.22 303.32 3987.27 840.66 0 30191.02 48.693 73.97 2523.14 13.13 273.16 2779.27 705.76 0 22254.50 35.4830%(NH4)2CO3/CaO 4 39.55 925.59 9.62 105.59 1073.65 226.50 0 9694.12 15.50In palm olein oil 5 8.44 241.23 1.28 5.67 396.26 96.07 0 3311.816 5.29
6 0 1.23 0 2.67 93.26 0 0 1054.70 0.697 0 1.05 0 2.58 32.534 0 0 89.11 0.2830%(NH4)2CO3/CaO

After calcined 66.89 1211.78 61.02 158.53 2115.04 274.83 0 14526.57 23.43

Catalysts Cycle Methyl
Octanoate

Methyl
Laurate

Methyl
Myristate

Methyl
Palmitate

Methyl
Stearate

Methyl
oleate

Methyl
Linoleate

SUM %yield
Fresh 478.78 4443.15 1735.94 944.63 283.00 1279.51 282.84 39383.22 82.869

1 318.61 4064.96 1683.20 925.79 162.82 1228.00 243.00 31171.70 49.70
2 140.55 3922.63 976.45 536.25 52.30 726.43 133.5888 28025.18 40.2230%(NH4)2C03/CaO 3 122.27 3206.44 763.60 433.27 32.34 598.09 129.62 17136.10 27.03In coconut oil 4 40.55 1322.63 286.45 146.25 12.82 146.43 42.598 8554.97 12.285 0 205.74 72.32 35.43 0 46.43 0 1516.91 2.18
6 0 63. 86 12.43 6. 66 0 0 0 356.22 0.317 0 13.90 0.76 1.31 0 0 0 69.38 0.09930%(NH4)2CO3/CaO

After calcined 90.55 2022.63 376.45 236.25 22.82 226.43 83.59 13125.89 18.84
o
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