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Heterogeneous catalyst
INTRODUCTION

Calcium methoxide as highly
effective catalyst for biodiesel

production
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OBJECTIVE

To prepared calcium methoxide from
quick lime and characterizations.

Investigated activity of solid base in
reaction variables (amount of catalyst,
methanol to oil molar ratio, reaction time)
on the transesterification.
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Chemicals

1. Quick lime
2. Refined palm oil
3. Methanol (Analytical Grade)
4. FAME standard substance and solvents for GC

EXPERIMENTAL
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EXPERIMENTAL

Quick lime was ground manually
using mortar and pestle

Synthesis of catalyst

quick lime powder
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EXPERIMENTAL
Synthesis of catalyst
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3.0 h

Calcine at 700 °C for
3.0 h

5g calcined product was
reacted with 150 mL
methanol under reflux at
65 °C for 2 h and continuous
stirring 1500 rpm
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Dried in the oven at
105 °C for 1 h

EXPERIMENTAL
Synthesis of catalyst

air

11



Catalyst characterization
EXPERIMENTAL

X-ray  diffraction  (XRD)

Solid state 13C-NMR

Attenuated total reflection-Fourier transform-infrared (ATR-FTIR)

Scanning  electron  microscopy  (SEM)
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Scanning  electron  microscopy  (SEM)

Energy-dispersive  X-ray  spectroscopy  (EDX)

BET surface area

Particle size analyzer
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The refined
palm oil was

heated to 65 °C

Methanol and catalyst were
separately added with maintain
reaction temperature at 65 °C
and stirring rate at 750 rpm

Transesterification reaction
EXPERIMENTAL
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The  reaction mixture was centrifuged

The biodiesel was collected from
the products were centrifuged

FAME analysis
EXPERIMENTAL

The biodiesel was collected from
the products were centrifuged

The biodiesel was analyzed by gas
chromatography (GC)
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RESULTS & DISCUSSION

Calcium oxide

Characterizations of the synthesized catalyst

Calcium methoxide

1. XRD patterns of (a) calcined quick lime; (b) reaction product.
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RESULTS & DISCUSSION
Characterizations of the synthesized catalyst

162. Spectra of solid state 13C-NMR of calcium methoxide.



-C-H (alkane) bending

CH3 stretching

RESULTS & DISCUSSION
Characterizations of the synthesized catalyst

-C-O stretching

-C-H (alkane) bending

3. FTIR spectrum of calcium methoxide. 17



RESULTS & DISCUSSION

Element
Ca
O
C

Characterizations of the synthesized catalyst

4. SEM images, EDX spectrum and BET of calcium methoxide.
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Properties results
BET surface area (m2/g) 38.46

Total pore volume (cm3/g) 0.33
Average pore diameter (nm) 34.39



RESULTS & DISCUSSION

2-120 µm.

Characterizations of the synthesized catalyst

5. Particle size distribution of calcium methoxide.
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Transesterification reaction
RESULTS & DISCUSSION

6. Effect of catalyst concentration on FAME(%), reaction time, 3h ;
methanol:oil molar ratio, 12:1 ; reaction temperature, 65 °C.
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7. Effect of methanol to oil molar ratio on FAME(%), catalyst
concentration, 3% ; reaction time, 3h ; reaction temperature, 65 °C.
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Transesterification reaction
RESULTS & DISCUSSION

> 96.5 %FAME ( Biodiesel B100)

8. Effect of reaction time on FAME(%), catalyst concentration, 3% ;
methanol:oil molar ratio, 12:1; reaction temperature, 65 °C.
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CONCLUSIONS

The solid state 13C-NMR, XRD, ATR-FTIR, SEM and
EDX results showed that the catalyst was successfully
synthesized with sufficient purity.

The experimental results showed good catalytic ability of
calcium methoxide for the transesterification of refined palm
oil with methanol.

The experimental results showed good catalytic ability of
calcium methoxide for the transesterification of refined palm
oil with methanol.

Finally, calcium methoxide could potentially substitute
liquid catalyst.
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- Internal standard ( C17 )
- The capillary column (DB-WAX)
- Helium as carrier gas
- Oven temperature 250 °C

FAME analysis

Calculation % Fatty acid methyl ester by GCCalculation % Fatty acid methyl ester by GC
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Liu et al. (2008)

Ca + 2CH3OH           Ca(OCH3)2 + H2

65 °C, 4 h

Masood et al. (2012)

Fatty acid methyl ester yield = 98.00 % after 2 h.

900 °C, 2h

INTRODUCTION

Masood et al. (2012)

CaO + 2CH3OH           Ca(OCH3)2 + H2O
65 °C, 2 h

Trimethylolpropane ester yield = 92.38 % after 8 h.

CaCO3 CaO  + CO2

900 °C, 2h





Reaction route of transesterification of triglyceride with methanol using CaO.



3-Amino-7-dimethylamino-2-methylphenazine hydrochloride

4,4'-(1,1-dioxido-3H-2,1-benzoxathiole-3,3-diyl)bis(2-bromo-6-isopropyl-3-
methylphenol)



3,3-bis(4-hydroxyphenyl)isobenzofuran-1(3H)-one

Nile blue in water.
Left to right: pH 0, pH 4, pH 7, pH 10, pH 14.



2,4-Dinitroaniline (H_ = 15) / Yellow - Violet

Tropaeolin O (H_ = 11.1) /
pH 11.1 (yellow) to pH 12.7 (orange)

2,4-Dinitroaniline (H_ = 15) / Yellow - Violet

4-Nitroaniline (H_ = 18.4) / Yellow - Orange







The Hammett acidity function, H0, can replace the pH in concentrated
solutions. It is defined using an equation analogous to the Henderson-
Hasselbalch equation:

where log(x) is the common logarithm of x, and pKBH
+ is −log(K) for the

dissociation of BH+, which is the conjugate acid of a very weak base B,
with a very negative pKBH

+. In this way, it is rather as if the pH scale has
been extended to very negative values. Hammett originally used a series
of anilines with electron-withdrawing groups for the bases.
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+ is −log(K) for the
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The indicator method, however, has disadvantages.
Although the color change is assumed to be the result of an
acid-base reaction, an indicator may change color by
reactions different from the acid-base reaction. In addition,
long time is required for benzoic acid to reach an
adsorption equilibrium during titration carried out in a
solution. In some cases, the surface of solid base catalysts
may dissolve into the titration solution. If this occurs, the
number of basic sites will be overestimated. Therefore,
special care should be taken with the indicator method.

The indicator method, however, has disadvantages.
Although the color change is assumed to be the result of an
acid-base reaction, an indicator may change color by
reactions different from the acid-base reaction. In addition,
long time is required for benzoic acid to reach an
adsorption equilibrium during titration carried out in a
solution. In some cases, the surface of solid base catalysts
may dissolve into the titration solution. If this occurs, the
number of basic sites will be overestimated. Therefore,
special care should be taken with the indicator method.



the solubility of calciumglyceroxide inmethanolwas 6216mg/L



heat flow , J/s = W



t = thickness of crystallite
K = constant dependent on crystallite shape (0.89)

= x-ray wavelength
B = FWHM (full width at half max) or integral breadth
θB = Bragg Angle

Scherrer’s Formula

BcosB

K
t









t = thickness of crystallite
K = constant dependent on crystallite shape (0.89)

= x-ray wavelength
B = FWHM (full width at half max) or integral breadth
θB = Bragg Angle



Scherrer’s Formula

What is B?

B = (2θ High) – (2θ Low)

B is the difference in angles
at half max

2θ high2θ low

Peak

What is B?

B = (2θ High) – (2θ Low)

B is the difference in angles
at half max

2θ high

Noise

2θ low



Data Analysis

• Plot the data (2θ vs. Counts)
• Determine the Bragg Angles for the peaks
• Calculate d and a for each peak
• Apply Scherrer’s Formula to the peaks

• Plot the data (2θ vs. Counts)
• Determine the Bragg Angles for the peaks
• Calculate d and a for each peak
• Apply Scherrer’s Formula to the peaks



Bragg Example



Bragg Example

d = λ / (2 Sin θB) λ = 1.54 Ǻ
= 1.54 Ǻ / ( 2 * Sin ( 38.3 / 2 ) )

= 2.35 Ǻ

Simple Right!

d = λ / (2 Sin θB) λ = 1.54 Ǻ
= 1.54 Ǻ / ( 2 * Sin ( 38.3 / 2 ) )

= 2.35 Ǻ

Simple Right!
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Scherrer’s Example

BB
t




cos

89.0






t = 0.89*λ / (B Cos θB) λ = 1.54 Ǻ

= 0.89*1.54 Ǻ / ( 0.00174 * Cos (98.25/ 2 ) )
= 1200 Ǻ

B = (98.3 - 98.2)*π/180 = 0.00174

Simple Right!

t = 0.89*λ / (B Cos θB) λ = 1.54 Ǻ

= 0.89*1.54 Ǻ / ( 0.00174 * Cos (98.25/ 2 ) )
= 1200 Ǻ

B = (98.3 - 98.2)*π/180 = 0.00174

Simple Right!



RESULTS & DISCUSSION
Characterizations of the synthesized catalyst

7. TG–DTA thermogram of calcium methoxide. 22
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