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Chapter I

Introduction

1.1 Motivations

The present, an economy has growth rapidly and consumed in high proportion of the natural resource. The fuel is essential
natural resource. That has limit and use up by the time. The quantity of fuel will be decreased by many consumers. That is a
reason why we are lacking the fuel recently. Hence, we should to reduce the consumption of fuel and find a new alternative fuel or
a new alternative energy for saving the natural resources.

Using the vegetable oil as a uel for diese! engine was started with making the diesel engine in the same time. Since 1895, Dr.
Rudo!t: Diesel who designed and developed the diesel engine by uses vegetable oil as a fuel. He presented the working of engine to
the public in World Exhibition, Paris, France 1900 by using the soybean oil as a fuel. Until 1911, Dr. Rudolf diesel promoted the
diesel engine which is used the vegetable oil as a fuel to become popular. [1), [2] Afterwards, the petroleum and coals were
developed to be main fuel until now.

The Bio-fuel is one kind of the altemative fucl which is made from vegetable oil or animal oil. The combustion of bio-fuel is
clean and release low amount of poison gas. That can help to reduce pollution problem. The biodiesel could produce by
Esterification and Transesterification reaction of vegetable oil or animal oil, depend on the type of catalyst (Base or Acid catalyst).
Mostly, it is produced by transesterification with base catalyst, such as, NaOH, KOH. The base catalyst is effective though
Iransesterificaton reaction between oil and alcohol. That is faster than acid catalyst and higher yield as well. However, the use of 2
homogeneous base catalyst will cause saponification, which creates a serious problem of product separation and will ultimately
substantially decrease methy! ester yield of NaOH, ZnO and CaO as the alternatively heterogeneous base catalyst for biodiesel
production. The result from using Ag doped TiO, catalyst has many advantages or many benefits for biodiesel production. Firstly,
it may reduce the cost of biodiesel. Secondly, the biodiesel production using Ag doped TiO, catalyst is not being popular. So we
will make people know that the biodiesel production using Ag doped TiO, catalyst have many advantages and instead of using
other base catalyst. Thirdly, the catalyst is not waste, it can reuse for biodiesel production. Fourthly, the biodiesel production using

Ag doped TiO, catalyst may increase of yield, reducing free fatty acid and faster reaction.



In this experiment, we study the preparing Ag doped TiO, catalyst powder and use it for biodiesel production. That is different
from conventional process which is using general base catalyst. The Ag doped TiO, catalyst was tested by X-ray diffraction

(XRD) and biodiesel was tested by 1H-NMR and FT-IR spectrometer. We expect the results to get high yield of biodiesel, reduce

free fatty acid and can reuse the Ag doped TiO, catalyst. All components proportion was also varied to study the biodiesel,

adjust the rate of reaction.

1.1 Objectives
k. To prepare Ag doped TiO, catalyst powder by Sol-gel method.
2. To study the efTect of Ag doped TiO, catalyst in biodiesel production.

3. To compare production quality between general catalyst and Ag and TiO, catalyst in biodiesel production.

1.2 Scopes
1. To study the biodiese! production.
2. To preparating of the Ag doped TiO, catalyst powder by sol-gel technology

3. To study characterized Ag doped TiO, catalyst by X-ray diffraction (XRD)

1.3 Expected results
1. To reduce the cost of biodiesel by using Ag doped TiO. catalyst.
2. To produce high vield of biodiesel.
3. Using shorter time than using general catalyst.

4, Reduction of the environmental impact.



Chapter I

Literature review and theory

2.1 Definition of Biodiesel

Biodicsel is a diesel fuel substitute produced from renewable sources such as vegetable oils, animal fats, and recycled cooking
oils. Chemically, it is defined as the mono alkyl esters derived from renewable sources. Biodiesel is typically produced through the
transesterification reaction of a vegetable oil or animal fat with methanol or ethanol in the presence of a catalyst to yield glycerin and
biodiesel (chemically called methyl or ethyl esters). Biodiesel can be used in neat form, or blended with petroleum diesel for use in
(the} diesel engines. Biodiesel has similar physical and chemical properties to petroleum diesel with reference to the operation of a

diesel motor. Its physical and chemical properties as it relates to operation of diesel engines are similar to petroleum based diesel

fuels. [1)

The concept of using vegetal oil as ar engine fuel likely dates when Rudolf Diesel (1858-1913) developed the first engine to run
on peanut oil, as he demonstrated at the World Exhibition in Paris in 1900. Unfortunately, R. Diesel died 1913 before his vision of a

vegetable oil powered engine was fully re- lized. [2]

Modem diesels are now designed to run on a less viscous fuel than vegetable oil but, in times of fuel shortages, cars and
trucks were successfully run on preheated peanut oil and animal fat. It seems that the upper rate for inclusion of rapeseed oil with
diesel fuel is about 25% but crude vegetal oil as a diesel fuel extender induces poorer cold-starting performance compared with

diesel fuel or biodiesel made with fatty esters. {3)

Biodiesel can also be made from other feed stocks:

®  Other vegetable oils such as comn oil, canola (an edible variety of rapeseed) oil, cottonseed oil, mustard oil, palm oil,
etc.

®  Restaurant waste oils such as frying oils.

®  Animal fats such as beef tallow or lard.

®  Trap grease (from restaurant grease traps), float grease (from waste water treatment plants), etc. [5]



All vegetable oils and animal fats consist primarily of triglyceride molecules such as that shown schematically below. [5]

' o
(;“H -O'E‘R!
o
éHZ'O-é-R;

Figure 2.1 Triglyceride 5]

R1, R2, and R3 represent the hydrocarbon chains of the fatty acyl groups of the triglyceride. In their free form, fatty acids

have the configuration shown below where R is a hydrocarbon chain > 10 carbon atoms. [5}

O

&

R-C-OH

Figure 2.2 ROOH molecule {5]

Transesterification is the process of reacting a triglyceride molecule with an excess of alcohol in the presence of a catalyst
(KOH, NaOH, NaOCH,, etc.) t produce glycerol and fatty esters. The chemical reaction with methanol is shown schematically

below. [5]

T ot
¥~ C — OQR \ n—-c':—on ROOCH,
H—(I:-oon‘ + 3CHOH —» H—C —OH + ROOCH,
Hﬁ-clz-noon' th':~0H ROOCH,
' v

Vegetable Oif  + Methyl Alcoho! —» Glycerol +  Methyl Ester

Figure 2.3 Transesterification reaction [5)



Blends of biodiese! and conventional hydrocarbon-based diescl are products most commonly distributed for use in the retail
diese! fuel marketplace. Biediesel can be employed as a fuel for unmodified diesel engines. [6]
M.uch of the world uses a system known as the "B" factor to state the amount of biodiesel in any fuel mix: fuel containing
20% biodiesel is labeled B20, while pure biodiesel is referred to as B100. It is common to see B99, since 1% petrodiesel is
sufTiciently toxic to retard mold. Blends of 20 percent biodiesel with 80 percent petroleum diese! (B20) can generally be used in

unmedifigd diesel cngines. Biodiesel can also be used in its pure form (B100), but may require certain engine modifications to

avoid maintenance and performance problems. Blending B100 with petro diesel may be accomplished by:

®:  Mixing in tanks at manufacturing point prior to delivery to tanker truck.
®  Splash mixing in the tanker truck (adding specific percentages of Biodiesel and Petro Diesel).

®  In-line mixing, two components arrive at tanker truck simultaneously. [7]

Biodiesel can test the properties by NMR Spectroscopy Instrument and Fourier Transform Infrared Spectrometer. [29), [30)

They defined the biodiesel specified shall be mono-alky! esters of long chain fatty acids derived from vegetable oils and

animal fats. [29], {30]

2.2 Raw materials for Biodiesel production

2.2.1 Vegetable oil

Vegetable fiats and oifs are lipid materials derived from plants. Physically, oils are liquid at room temperature, and fats are
solid. Chemically, both fats and oils are composed of triglycerides, as contrasted with waxes which lack glycerin in their structure.

Although many different parts of plants may yield oil, in commercial practice, oil is extracted primarily from seeds. [9]

The melting temperature distinction between oils and fats is imprecise, since definitions of room temperature vary, and

typically natural oils have a melting range instead of a single melting point. [9)

Vegetable fats and oils may be edible or inedible. Examples of inedible vegetable fats and oils include processed linseed oil,
tung oil, and castor oil used in lubricants, paints, cosmetics, pharmaceuticals, and other industrial purposes. Although thought of

as esters of glycerin and a varying blend of fatty acids, fats and oils also typically contain free fatty acids, monoglycerides, and

diglycerides. [9]

I3



2.2.1.1 Palm oil [10]

Palm oil is edible plant oil derived from the fruit of the Arecaceae Elaeis oil palm. Previously the second-most widely
produced edible oil, after soybean oil, 28 million tonnes was produced worldwide in 2004. It may have now surpassed soybean oil
as the most widely produced vegetable oil in the world. It is also an important component of much soaps, washing powders and

personal care products, is used to treat wounds, and has controversially found a new use as a feedstock for biofuel.

The palm fruit is the source of both palm oil (extracted from palm fruit) and palm kernel oil {extracted from the fruit seeds).
Palm oil itself is reddish because it contains a high amount of beta-carotene. It is used as cooking oil, to make margarine and is a
component of many processed foods. Boiling it for a few minutes destroys the carotenoids and the oil becomes colourless. Palm

oil is one of the few vegetable oils relatively high in saturated fats (like coconut oil) and thus semi-solid at room temperature.

Palm oil and palm keme! oil are composed of fatty acids, esterified with glycerol just like any ordinar-y fat. Both are high in
saturated fatty acids, about 50% and 80%, respectively, The oil palm gives its name to the 16 carbon saturated fatty acid palmitic
acid found in palm oil; monounsaturated oleic acid is also a constituent of palm oil while palm kernel oil contains mainly lauric

acid. Palm oil is the largest natural source of tocotrienol, part of the vitamin E family. Palm oil is also high in vitamin K and

dictary magnesium.

Napalm derives its name from naphthenic acid, palmitic acid and pyrotechnics or simply from a recipe using naphtha and
palm oil. Splitting of oils and fats by hydrolysis, or under basic conditions saponification, yields fatty acids; with glycerin
(glycerol) as a by-product. The split-off fatty acids are a mixture of fatty acids ranging from C6 to C18 depending on the type of

Oil/ Fat.

Palm oil products are made using milling and refining processes; first using fractionation, with crystallization and separation
processes to obtain a solid stearin, and liquid olein. By melting and degumming, impurities can be rcn;oved and then the oil
filtered and bleached. Next, physical refining removes odours and colouration, to produce refined bleached deodorized palm oil,
or RBDPO, and free pure fatty acids, used as an important raw material in the manufacture of soaps, washing powder and other
hygiene and perscnal care products. RBDPO is the basic oil product which can be sold on the world's commodity markets;

although many companics fractionate it out further into palm olein, for cooking oil, or other products.
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2.5.1.4 Chemical properties

Table 2.1 Properties of rutile, anatase and brookite TiO, {26]

Properties Rutile Anatase Brookite

TiO, TiO, TiO,

Form.Wt. 79.890 79.890 79.890

Z 2 4 8

CrystalSystem Tet Tet Orth

PointGroup 4/mmm 4/mmm mmm

SpaceGroup P4, /fmnm 14,/amd Pbca

UnitCell

a(A) 4.5845 3.7842 9.184

bA) 5.447

c(A) 2.9533 9.5146 5.145

Vol. 62.07 136.25 257.38

MolarVol 18.693 20.156 19.377

Density 4.2743 3.895 4.123

Thermal Expansion (Volumetric)

Alpha 28.9

a, 0.2890

As a photocatalyst [25]

22

Titanium dioxide, particularly in the anatase form, is a photocatalyst under ultraviolet light. Recently it has been found that

titanium dioxide, when spiked with nitrogen ions, or doped with metal oxide like tungsten trioxide, is also a photocatalyst under

visible and UV light. The strong oxidative potential of the positive holes oxidizes water to create hydroxyl radicals. It can also

oxidize oxygen or organic materials directly. Titanium dioxide is thus added to paints, cements, windows, tiles, or other products

for slcriliiing, deadorizing and anti-fouling properties and is also used as a hydrolysis catalyst. It is also used in the Graetzel cell, a

type of chemical solar cell.
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Figure 4.3 Waste vegetable oil, checked by Nuclear Magnetic Resonance Spectroscopy Instrument

From the Figure 4.3 has an important signal at 2.3 ppm which is corresponding to CH, -O- C(=O)-R but it is not appeared the

signal at 3.7 ppm which is corresponding to CH,-O. The signal at 4.1-4.4 ppm showed the proton signal from CH, of triglyceride.

From this results, it was encouraged the results from FT-IR that the structure of raw material or WVO had only triglyceride.
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Figure 4.4 The structure of glycerol and triglyceride-saturated [8)
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4.2 Analysis of the biodiesel with NaOH as a catalyst

y TN 1244 A ;’M o)

B
AN
>

Ty,

[
-
P YUY ST A VS W A
-
.

K8 oo
N
=i

eI

[

5.

»
°
"

“T

1196 |

~)
~
)

4000.0 3500 2000 1500 1000 500 400.0
em-1

. ol naoh 001 - Brxsineed 7O NOH

Figuré 4.5 The product from biodiesel production with NaOH catalyst, checked by Fourier Transform Infrared Spectrometer.

From the Figure 4.5 the important peak at 1743 cm' is C=O and the peak at 2854 cm” is functional class of alkanes CH,,
CH, and CH stretching. The peak at 1464 cm’ is functional class of CH, stretching and peek at1195 cm’” for O-CH, functional.

From the results, the structure of this sample was corresponding to R (C=0)-OCH,. [47]
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Figure 4.6 The product from biodiesel production with NaOH catalyst, checked by Nuclear Magnetic Resonance Spectrometer.

From the figure 4.6, the important peak at 2.3 ppm is CH, -O- C(=0)-R and the peak at 3.7 ppm is CH,-O functional. Hence, the

structure of this sample is R (C=0)-OCH, that shown in figure 4.7. From the results can verify that NaOH catalyst was accomplished for

biodiesel production. [47]

(2.469/1.668) (2/3) (100)

Calculation % yicld of Methy! Ester [47]

98.68 %
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Figure 4.7 Transesterification reaction of triglyceride reacts with methano! which using NaOH as a catalyst to produce biodiesel

product (methy! ester) and glycerol [47]
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4.3 Analysis of the products from biodiesel production with TiO,/Ag catalyst by heat treatment with

various reaction times
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Figure 4.8 The product (top layer) from biodiesel production with TiO,/Ag catalyst for | hour by hot plate (heat treatment) in

protector laboratory hood (90°C), checked by Fourier Transform Infrared Spectrometer



54

.
=
.
\\.
>
——

“
S
2
<,
S st
S — .

-,
%,

35

-
ey,
.

a3

g -

g
.

....
C—

= 2853 1747

4000.0 3000 1000 500 4000
em-}

Figure 4.9 The product (top layer) from biodiesel production with TiO,/Ag catalyst for 2 hours by hot plate (heat

treatment) in protector laboratory hood (90°C), checked by Fourier Transform Infrared Spectrometer
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Figure 4.10 The product (top layer) from biodiesel production with TiO,/Ag catalyst for 3 hours by hot plate (heat treatment) in

protector laboratory hood (90°C). checked by Fourier Transform Infrared Spectroscopy
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From Figures 4.8, 4.9 and 4.10, the reaction with TiO, doped silver catalyst in reflux system by hot plate or heat treatment
for 1, 2 and 3 hours. The results were shown that the important peaks were appeared at 1743 em’ is C=0, at 2854 cm’ as
functional class of alkanes CH,,CH, and CH stretching and 1464 cm' is functional class of CH, stretching, but they did not show

the peek appeared at 1195 cm” for O-CH, . Hence, it can be concluded that the reaction did not change of reaction when compared

with raw material (WVO). {47]
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Figure 4.11 The product {top layer) from biodiesel production with TiO,/Ag catalyst for 1 hour by hot plate (heat

treatment) in protector laboratory hood (90°C), checked by Nuclear Magnetic Resonance Spectroscopy

Instrument
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Figure 4.21 The product (top layer) from biodiesel production with TiO,/Ag catalyst for 1 hour at 105°C by heating mantle in

reflux system, checked by Nuclear Magnetic Resonance Spectroscopy Instrument

From the figure 4.21 shown the important signal was at 2.3 ppm, CH, -O- C(=0)-R and they did not shown the signal at 3.7

ppm, CH,-O [47). From this result, it did not have reaction occurred for this method.
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Chapter V

Conclusions and Recommendations

5.1 Conclusions

Biodiesel production with NaOH catalyst can produced 98.68% yield of product at 90°C for 1 hour. The results of NMR peaks
were ;hown two important peaks at 2.3 and 3.7 ppm of CH ,-C(=0)-O and CH,-O-C(=0) respectively. The results of FT-IR
spectrums were shown three peaks at 1744 cm’”, 1242 cm'and 1195 cm' which are corresponding to C=0, C(=0)-O and CH,-O,
respectively.

Biodiesel production with TiO,/Ag catalyst was prepared by sol-gel method, by using hot plate at 90°C for 1 hour and 2 hours
but except for 3 hours, we got 45.51% yield of biodiesel which is characterized by NMR. The results from NMR, it was showed two
important peaks which are 2.3 ppm and 3.7 ppm of CH ,-C(=0)-O and CH,-O-C(=0) respectively and by using heating mantle at
105°C for 1, 2, and 3 hours respectively. These were various the reaction times. Whereas, biodiesel prod.uction by using UV-VIS
reactor at 40°C for 10 hours, it was various a weight of catalyst. The results of NMR peaks were not shown two important peaks at
2.3 and 3.7 ppm of CH ,-C(=0)-O and CH,-O-C(=0), respectively. Also the results from FT-IR spectrums were not shown the
spectra at 1744, 1242 and 115, cm’” are correspondirig to C=0, C(=0)-O and CH,-O, respectively.

We could be recovery the TiO/Ag catalyst after biodiesel production. It is characterized by XRD technique. The results from
XRD ;echniquc, it was showed the peaks of anatase which is the same with the peak of anatase of TiO,/Ag catalyst before using
biodiesel production.

Using TiO,/Ag catalyst may not be suitable for biodiesel production. Due to the results from two methods of biodiesel

production, except for three hours of biodiesel production by using hot plate.

5.2 Recommendations
5.2.1 The type of catalyst and temperature should also be studied because it is the factors that
affect the biodicsel production.
5.2.2 Increasing or decreasing the pressure for biodiesel production should be attempted.
523 Optimization of molar ratio in biodiesel production should be studied within wide range to determine the best molar

ratio.
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Appendices

Appendix A: Calculation for biodiesel production

Appendix A.I Calculation the free fatty acids of waste vegetable oil for biodiesel production

|

% free fatty acid [8] Volume of NaOH (ml) x Concentration of NaOH in molar x 25.6

Weight of waste vegetable oil (g)

= 3.0 x 0.135 x 25.6

10
= 1.03 (<2.5)

Note ; Palmitic acid is 25.6 % of palm oil.

Appendix A.2 Calculation the molar ratio for biodiesel production

The molar ratio - Methanol / oil / NaOH catalyst
40 / 90 / 0.6
Solution :
1.) Methanol; 40 x 0.7918 = 098975 mole
32
So, 0.98975 x 1000 = 7.61346 molar
130

2.) Waste vegetable oil (WVO) ;

90 x 0.88 = 0.295 mole
267.874
So, 0295 x 1000 = 2.269 molar
130
3.) NaOH catalyst ;
0.6 = 0.0176 mole

39.99

68



So, 0.0176 x 1000 = 0.135 molar
130
The molar ratio - Methanol ! oil [/ TiO/Ag catalyst
120 /20 /1
Solution :
1.) Methanol; 120 x 0.7918 = 2.96925 mole
32
So, 296925 x 1000 = 21.2089 molar
140
2) Waste vegetable oil (WVO) ;
20 x 0.88 = 0.065 mole
267.874
So. 0.065 x 1000 = 0.469 molar
140
3) TiO,/Ag catalyst ;
= 0.0125 mole
79.88
So, 0.0125 x 1000 = 0.0892 molar
140
The molar ratio d Methanol ! oil /TiO/Ag catalyst
60 / 10 /7 05
Soluticn :
1.) Methanol; 60 x 0.7918 = 1.4846 mole
32
So, 1.4846 x 1000 = 21.2085 molar

140
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2) Waste vegetable oil (WVO) ;

10 x 0.88 = 0.0328 mole
267.874
So, 0.0328 x 1000 = 0.469 molar
140
3.) TiO/Ag catalyst;
0.5 = 0.00625 mole
79.88
So, 0.00625 x 1000 = (.0892 molar

140
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Appenaix A.3 Calculation of yield percentage of methyl ester by '"H-NMR [47]

-OCH,

% Methyl ester (47] 100 x ( 2 % Integration value of -OCH, )

3 x Integration value of &~ CH,

1}

100 x ( 2 x2.469)

3 x 1.668

98.68 %



Appendix B: Analysis the results of TiO,/Ag catalyst

Figure B.1 TiO,/Ag catalyst which checked by X-ray powder diffraction (before using in biodiesel production )
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Figure B.2 TiO/Ag catalyst which checked by X-ray powder diffraction (after using in biodiesel production )
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Appendix C: Analysis of the results of product from biodiesel production

Figure C.1 The product (top layer) from biodiesel production with TiO /Ag catalyst for 1 hour (1"time) by hot plate (heat

treatment) in protector laboratory hood, checked by Nuclear Magnetic Resonance Spectroscopy Instrument

RAlodimeel unming TiO2/Ag aa caTalyst

et cime

Al

>--.L...\
AN

U
18 14 13 12 11 10 s 4 k! M H i 3 2 1 Fom
} i .
sf \%/ L“i ,z'lol El': s/
I 2| i€ 5
(i B S ERIE EIL-I

Figure C.2 The product (bottom layer) from biodiesel pre“uction with TiO/Ag catalyst for 1 hour by hot plate (heat treatment)in

protector laboratory hood, checked by Nuclear Magnetic Resonance Spectroscopy [nstrument
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Figure C.3 The product (bottom layer) from biodiesel production with TiO/Ag catalyst for 2 hours by hot plate (heat treatment)

in protector laboratory hood, checked by Nuclear Magnetic Resonance Spectroscopy Instrument
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Figure C.4 The product (bottom layer) from biodiesel production with TiO,/Ag catalyst for 3 hours by hot plate (heat treatment)

in protector laboratory hood, checked by Nuclear Magnetic Resonance Spectroscopy Instrument
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\

Figure C.5 The product (top layer) from biodiesel production with TiO/Ag catalyst for I hour (1"time) by hot plate (heat

treatment) in protector laboratory hood, checked by Fourier Transform Infrared Spectrometer
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Figure C.6 The product (bottom layer) from biodiesel production with TiO /Ag catalyst for 1 hour by hot plate (heat treatment) in

protector laboratory hood, checked by Fourier Transform Infrared Spectrometer

458 _

o

4

TN

N

SIS

[
i

e,

o

1742

' 3
e 4 — ””/ﬁ”"'

>4
“r 22
20

Pl
S
.

§

4
i
H
1
p—

00
4000.0 3000 2000 1300
-l
tuxienal 1 e 001 « giycard of Gleaimmet § ne. wen TOIAG




76

Figure C.7 The product (bottom layer) from biodiesel production with TiO/Ag catalyst for 2 hours by hot plate (heat treatment)

in protector laboratory hood, checked by Fourier Transform Infrared Spectrometer
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Figure C.8 The product (bottom layer) from biodiese! production with TiO,/Ag catalyst for 3 hours by hot plate (heat treatment)

in protector laboratory hood, checked by Fourier Transform Infrared Spectrometer
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