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The objectives of this stu sel production from a by-products of

chicken essences soup ma talyzed transesterification using

sodium hydroxide, potassi bonate as catalyst. To optimize

the reaction condition, io of methanol to chicken oil,

reaction temperature an The chemical and physical

properties of biodiesel progdiic e transesterification, such as density, flash point,
cloud point, pour point, er, cetane index, %sulphur, ester
content, and mono-, di-, _ neasured. The results showed that
KOH and NaOH are suitabl€ c for biadiesel production and the biodiesel with best

product yield and quality was'produced at a 10:14molar ratio of methanol to chicken oil,

1.0% of potassium hydrox1de gﬂW tion temperature 65°C and reaction time 50

minutes. The product yield >l produced under _-)'q imal condition was 99.02%
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CHAPTER|
INTRODUCTION

Energy consumption in developing countries has increased more than fourfold
over the past three decades and is expected to continue increasing rapidly. For many
developing countries, imported petroleum will be the source of this energy. Petroleum
engines are widely used as sources of power in developing areas in tractors, irrigation
pumps, village generators and trucks. Increasing use of petroleum will intensify local
air pollution and magnify the global warming.problems caused by CO..

Recently, because of-increases in crude ai-prices, limited resources of fossil
oil and environmental coneerns there has been foeusing on a renewable sources such
as vegetable oils and animal {afs i0 make biodiesel fuels. (Ma, F. et al., 1999)

Fatty acid meihyl esters  known as biodiesel, including derived from
triglycerides by transesterifigation with rhéthanol have received the most attention.
The main advantages of using biodiesel are its renewability, better-quality exhaust gas
emissions, its biodegradability and given that al the organic carbon present is
photosynthetic in origin, it dees not eontribute to arise in the level of carbon dioxide
in the atmosphere and consequently to the greenhouse effect. (Srivastava, A. et d.,
2000) )

There are four primary ways to make biodiesal; direct use and blending,
microemulsions, thermal cracking (pyrolysis) and transesterification as the biodiesel
from transesterification’ can be used directly or as blends with diesel fue in diesel
engine. (Ma, F. et al., 1999) The fatty acid-methyl ester are attractive as aternative
diesd fuels. Transesterification, aso caled@acoholysis, is the displacement of alcohol
from an ester by another alcohol im a process similar to hydrolysis, except than an
alcoholuis used instead of water. This process has been- widely,used to reduce the
viscosity'of triglycerides. (Srivastava, A. et a., 2000)

Alkaine-catalyzed transesterification method is normally adopted for
biodiesel production. However, the biodiesel produced from oils, no matter if it is neat
vegetable oil or animal fat, is usualy more expensive than petroleum-base diesel fuel
from 10% to 50%. Therefore, the high cost of biodiesel is the mgor obstacle for its
commercialization. It is reported that approximately 70-95% of the total cost of
biodiesel production arises from the cost of raw materias, that is, vegetable oils or



animal fats. Many researchs found that biodiesel can be produced from waste oils
such as used frying oil. However, used frying oils from restaurant and food industries
have a variety of qualities, and process properties different from neat vegetable oilsin
biodiesel production. (Dyal, S. D. et al., 2005)

Thailand is the centre of chicken essence soup production. The maximum of
chicken meat to used produced chicken essence soup about 25 ton/day. In chicken
essence soup production process have separated oil or chicken oil from chicken
essence soup estimate about 1.5 ton/day.

Therefore, biodiesel can be producedfrem by product of chicken essence soup

manufacturing offer asignificant as an alternativelow-cost biodiesel feedstock

1.1 Objective of the researeh
- To study the physical*and chemical properties of chicken oil
- To study biodiesel production from chicken oil by used base-catalyst
- To study the physicaliand chemical properties of biodiesel from chicken oil



CHAPTER I
THEORY AND LITERATURE REVIEWS

2.1 Biodiesdl

Biodiesel, an alternative diesd fuel, is made from renewable biological
sources such as vegetable oils and animal fats. It is biodegradable and nontoxic which
has low emission profiles and so is environmentally beneficial. Biodiesel has been
defined as the monoalkyl esters of long-chain.fatty acids derived from renewable
feedstocks, such as vegetable oils or animal fais; for use in compression-ignition
(diesel) engines. The biodiesel that is considered as. a possible substitute or extender
of conventional diesel fuel 1s.eommonly composed of fatty acid methyl esters that are
prepared from the triglyeerides in vegetéble oils by transesterification with methanol.
The resulting biodiesel#is guite similé!""'to conventional diesd fuel in its man
characteristics. Biodiesel /is compatible yvith conventional diesel and both can be
blended in any proportion. ‘A number'-__of.k_ plants are manufacturing biodiesel
worldwide. These units are using sunflowep_ oil, used-frying ail, jatropha oil, etc. as a
source of triglycerides. (Ma, F. €tal,; 1999) =

2.1.1 Biological of biodiesel sourc@ Qé-gjétable oilsor fats, and alcohol were
use as feedstocks for the biodiesel production. Commonly used feedstocks are shown
in Table 2.1.

Table 2.1 Feedstoeks used-forbiodiesel i/manufacture vegetable-oils animal fats other
sources (Strong, C. et a'.;2004)

Vegetable Oils Anima Fats Other Source
Soybeans Lard Recycled Restaurant
Rapeseed Tallow Cooking Oil
Canola Oil (amodified version of Poultry Fat
rapeseed)
Safflower QOil
Sunflower Seeds
Yellow Mustard Seed




Vegetable oils are primarily water-insoluble hydrophobic substances that
are made of one mole glycerol and three moles of fatty acids and are commonly called
triglycerides. Fatty acids vary in carbon chain length and in the number of unsaturated
bonds (double bonds). The fatty acids found in vegetable oils and typical fatty acid

compositions of common oil sources are summarized in Table 2.2.

Table 2.2 Percentage of fatty acid type for different oils. (Strong, C. et a., 2004)

Vegetable ail Fatty acid composition, % by weight
16:0 | 18:0 | 20.0 | 2220+24.0| 18:1 | 182 | 183 | 221
Corn 2 | 2.0 1, 001 0 25 | 61 | 1 0
Cottonseed 28 1710 0| 13 [ 58 | 0 0
Rapeseed 4 ¥ /7o 0 0o l64 | 2| 8 0
Soybean 2 £ 2//0 10 0| 2356 | 7 0
Sunflower seed | 6 oo o o[ o 0
Canolaoil 642 [ * 10 %[22 9 1
Palm #1010 041000
Butter 30 (#3072 | 1% 0 | 30 | 3 0 2
Peantt 6 | 6,10 10,0 |6 |38 | 0 | O
Linseed 9 1 | o | ouiumgm fq 8 | 45 | O




The fatty acids were also found in microorganisms, such as agae, fungus
etc. Table 2.3 showed the fatty acids compositions of microorganism oil and Table 2.4

showed the names, of formats, of common fatty acids.

Table 2.3 Fatty acids compositions of microorganism oil (Harris, R. et a., 1965)

microorganism oil Fatty acid composition

14:0| 16:0 | 180 | 18:1 | 182 | 183 | 20:4 | 205 | 2211
Algae ‘ - - -
Y east / - -
Fungus / / -

Remark ; / = the fatty acids
- = not appeareds”

AULINENINYINT
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Table 2.4 Names and structures of the most common fatty acids [9]

No. of C:No. | Molecular | Molecular mass | Systematic name | Other names

of double formular
bound
C12:0 C1oH2400 200.32 Dodecanoic acid Lauric acid,

n-Dodecanoic acid

O

OH

C14.0 Myristic acid
o)
OH
C16:0 Palmitic acid,
Hexadecylic acid,
Cetylic acid
0

OH

Cile6:1

e'eﬂnoic acid Palmitoleic acid
o

o
L v
| : R

U
RIANIUNNINYAE




Table 2.4 Names and structures of the most common fatty acids [9]

No. of C:No. Molecular | Molecular | Systematic name Other names

of double formular mass

bound

C18.0 CisH3zs0O, | 284.48 Octadecanoic acid Stearic acid
0

/\/\/\/\/\/\/\/\)J\OH

C18:1%°

CigH3402

282.46

7

(9Z)-ectadac | Oleic acid,
-9-enoic aeid . | (92)-Octadecenoic acid,

(2)-Octadec-9-enoic acid,
Cis-9-octadecenoic acid,

Cis-A9-octadecenoic acid

C18:24%9%

CigHz0

280.46 | (92,122)-
Octadecadiencic-aeid

Linoleic acid,
Cis-cis-9,12-
Octadecadienoic

acid

\/\/E/E/\/\/\/\[(C’H

o

C18:3A9,12,15

278.44 | (9Z

127,157)-
Octadecatrienoic acid

a-Linolenic acid,
Cis,cis,cis-9,12,15-
Octadecatrienoic

acid

OH




Table 2.4 Names and structures of the most common fatty acids [9]

No. of C:No. Molecular | Molecular | Systematic name Other names

of double formular | mass

bound

C20:0 CooH00, | 31254 Icosanoic acid Arachidic acid,
Arachic acid

Eicosanoic acid,

n-eicosanoic acid

Behenic acid

Erucic acid
Cis-13-Docosenoic

Tetracosanoic acid




Some physical properties of the most common fatty acids occurring in
vegetable oils and animal fats as well astheir methyl esters arelisted in Table 2.5

Table 2.5 Selected properties of some common fatty acids and ester (Veljkovic, V. B.

et al., 2006)
o ) Heat of
Trivial (Systematic) name: m.p. b.p. Cetane _
Mol. wt. Combustion
Acronym © © No.
(kg-cal/mole)
Caprylic acid
oy o 144.22-+4=165 | 239.3 - -
(Octanoic acid); 8.0
Capric acid
o 17227 | 315 1"270 47.6 1435.07
(Decanoic acid); 10:0 '
Lauric acid %
o 200.32 44 131 - 1763.25
(Dodecanoic acid); 12:0 \ &
Myristic acid
o 422838 4 B8 | 2505 - 2073.91
(Tetradecanoic acid); 14:0 {)
Palmitic acid ks
o 256.43— 63 350 - 2384.76
(Hexadecanoic acid); 16:0 RGN
Steric acid
o 284.48 71 360 - 2696.12
(Octadecanoic acid); 18:0
Oleic acid
o 282.47 16 286 - 2657.4
(9Z-Octadecenoic acid); 18:1
Linoleic acid
(92,12Z-Octadecadienoic acid) 280.45 -5 229 - -
; 18:2
Linoleni€ acid
(92,127,152 278.44 -11 230 - -
Octadecatrienoic acid); 18:3
Erucic acid
o 338.58 33 265 - -
(13Z-Docosenoic acid); 22:1
Methyl caprylate
had 158.24 - 193 33.6 1313

(Methyl octanoate)
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Table 2.5 Selected properties of some common fatty acids and ester (Veljkovic, V. B.

et al., 2006)
o _ Heat of
Trivial (Systematic) name: m.p. b.p. Cetane _
Mol. wt. Combustion
Acronym © © No.
(kg-cal/mole)
Methyl caprate
186130 - 224 47.7 1625
(Metyl decanoate)
Methyl laurate
214.35 5 266 61.4 1940
(Methyl dodecanoate) /
Methyl myristate
24221 185 295 66.2 2254
(Methyl tetradecanoat€) \
Methyl palmitate e T
" 270.46 30.5 415 745 2550
(Methyl hexadecanoatg) 4
Methyl stearate /
29881 4 B9 442 86.9 2859
(Methyl octadecanoate) < o
Methyl oleate )
29649 | -20 218.5 47.2 2828
(Methyl 9Z-octadecenoate) =
Methyl linoleate
(Methyl 92,127- 294.48 -35 215 28.5 2794
octadecadienoate)
Methyl linolenate
(Methyl 92,122,157 29246 57 109 20.6 2750
octadecatrienoate)
Methyl-erucate
352.60 - 221 76.0 3454

(Methyl 13Z-docosenoate)
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2.1.2 Biodiesel production (Gerpen, J. V. et a.,2005)
The major steps required to synthesize biodiesel are as follows:
1. Purification

If waste vegetable oil is used, it is filtered to remove dirt, charred
food, and other non-oil materials often found. Water is removed because its presence
causes hydrolysis of triglyceride to give salts of the fatty acids instead of undergoing
transesterification to give biodiesel. At home, this is often accomplished by heating
the filtered oil to approximately 120°C. At this point, dissolved or suspended water
will boil off. When the water boils, it spatters (chemists refer to it as "bumping”). To
prevent injury, this operation should be donein-asufficiently large container (at most
two thirds full) which is closed but not Sealed.

In the labaraiory; the crude oil may be stirred with a drying agent such
as magnesium sulfate to remove the water in the form of water of crystallization. The
drying agent can be separated by decanting or by filtration. However, the viscosity of
the oil may not allow the diying agent to mix thoroughly:

2. Neutralization of freefatty acids

A sampleof the cleaned oil_' is titrated against a standard solution of
base in order to determine the concentrati.c’ih‘of_ free fatty acids (RCOOH) present in
the waste vegetable oil sample. The quantity (iﬁ moles) of base required to neutralize
the acid is then cal culated. e

3. Transesterification

While adding the base, a slight excess is factored in to provide the
catalyst for the transesterification. The calculated quantity of base (usualy sodium
hydroxide) is added slowly to the alcohal ‘and it isstirred untiliit dissolves. Sufficient
alcohol is added to make up three full equivaents of the triglyceride, and an excess is
added 4o drive the reaction ta-completion. The solution-of seditimchydroxide in the
alcohol is then added to a warm solution of the waste oil, and the mixture is heated
(typically 50°C) for several hours (4 to 8 typicaly) to alow the transesterification to
proceed. A condenser may be used to prevent the evaporative losses of the acohol.

Care must be taken not to create a closed system which can explode.
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4. Workup
Once the reaction is complete, the glycerol should sink. When ethanol
IS used, it is reported that an emulsion often forms. This emulsion can be broken by
standing, centrifugation, or the addition of a low boiling (easily removed) nonpolar
solvent, decanting, and distilling. The top layer, a mixture of biodiesel and alcohal, is
decanted. The excess alcohol can be distilled off, or it can be extracted with water. If
the latter, the biodiesel should be dried by distillation or with a drying agent.

2.1.3 Biodiesel properties (Tyson, K..S.et a., 2001)

Biodiesel is made up of fourteen  different types of fatty acids of
triglycerides which are transformed into fatty acid methyl esters (FAME) by
transesterification. Differgat fractions of each type of FAME present in various
feedstocks influence some'properties of fuels. Table 2.6 shows some of the properties
defined in the ASTM standards for diesel and biodiesel. These properties are

described in the remainder of this section, and will be referred to later in this report.
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Table 2.6: Comparison of fuel properties between Diesel and Biodiesdl (Tyson, K. S.

et a., 2001)
Fuel Property Diesd Biodiesel
Fuel composition C10-C21 HC C12-C22 FAME
Lower Heating Vaue, Btu/gal 131,295 117,093
Viscosity, @ 40° C 1341 1.9-6.0
Specific Gravity kg/l @ 60° F 0.85 0.88
Density, Ib/gal @ 15°C 7.079 7.328
Water, ppm by wi 161 0.05% max
Carbon, wi% 87 77
Hydrogen, wt % = 13 12
Oxygen, by difdwt % "J ’ 0 11
sulfur, wt % ., O5ma 0.0- 0.0024
Boiling Point (°C) = _,188343 182-338
Flash Paint (°G) 5 450-80 100-170
Cloud prht ©C) 15105 31012
Pour Poi nt:(°C) -35to -15_. -15t0 10
Cetane Number 40-55 48-65
Stoichiometric Air/Fuel Ratio wt./wt. 15 13.8
BOCLE Scuff, grams 3,600 >7,000
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2.1.4 Advantages of biodiesdl (Schuchardf, U. et al.,1998)

1. Conventional diesel engines can be operated without much, if any,
modification on biodiesel.

2. Biodiesdl can be used pure or in a mixture with hydrocarbon-based
diesdl fuels.

3. Biodiesdl is nontoxic, safe to handle and biodegradable.

4. No evaporation of low-boiling components takes place.

5. Exhaust gasis free of SO, and halogens.

6. Thereis substantial reduction'of soot, unburnt hydrocarbons, and aso
of carbon monoxide (when an exidation caraysiis used) in the exhaust gases.

7. NOx emissions increase slightly if there are no changes in the engine
setting.

8. Good perfermance.in auto-ignition of fatty esters results in a smooth
running diesel engine. &

9. Biodiesdl consumption is similar to hydrocarbon-based diesel fuels.

2.2 Transesterification

In organic chemistry, transesterifica_tién is the process of exchanging the
alkoxy group of an“ester compound by another alcohols These reactions are often
catalyzed by the addition of an acid or base.

O

o)
R——OH % )j\ ——> R—OH + )L
R"O R

R'O R

Transesterification: alcohol + ester — different alcohol + different ester

Figure 2.1 Transesterification reaction
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Acids can catalyze the reaction by donating a proton to the carbonyl group,
thus making it more reactive, while bases can catalyze the reaction by removing a

proton from the alcohol, thus making it more reactive.

Transesterification is used in the synthesis of polyester, in which diesters
undergo transesterification with diols to form macromolecules. For example, dimethyl
terephthalate and ethylene glycol react to form polyethylene terephthalate and
methanol, which is evaporated to drive the reaction forward. The reverse reaction
(methanolysis) is aso an example of transesterification, and has been used to recycle

polyesters into individual menomers.

One of the first uses-of transesterified vegetable oil (biodiesel) was to power
heavy-duty vehicles in.SeuthsAfrica before World War 1. The name "biodiesel” has
been given to transesterified vegetabl e 0il to describe its use as adiesel fuel.

Biodiesel is produced from vegetable oils by converting the triglyceride oils to
methyl (or ethyl) esters with a procéss known as transesterification. In the
transesterification process a¢ohol reacts Wlth the oil to release three "ester chains'
from the glycerin backbone of €ach trigl;}bér;de. The reaction requires heat and a
strong base catalyst (e.g., hydroxide or Iye);_ té achieve complete conversion of the
vegetable oil into the separated esters and'élycerin. The glycerin can be further
purified for sale to the pharmaceutical and cosmetic industries. The mono-alkyl esters
become the biodiesel, with one-eighth the viscosity of the origina vegetable oil. Each
ester chain, usually 18 earbons in length for soy esters, retains two oxygen atoms
forming the "ester" land giving the product its unique ccombustion qualities as an
oxygenated vegetable based fuel. Biodiesd is nearly 10% oxygen by weight. (Fukuda,
H. et al7;2001)
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2.2.1 Type of transesterification (Ma, F. et a., 1998)
1. Acid-catalyzed processes

The processes are catalyzed by Bronsted acids, preferably by sulfonic
acids, sulfuric acid and hydrochloric acid. These catalysts give very high yields in
alkyl esters but the reactions are slow and requiring temperature above 100°C and
more than 3 h to reach the complete conversion. Transesterification process under
acid-catalyzed condition needs to be done in absences of water because the water
reduces the yield alkyl ester. The acohol/oil /melar ratio is one of the main factors that
influence the transesterification. An excess acehol favors the formation of products.
On the other hand, an excessive amount of alcohol makes the recovery of glycerol
difficult.

0 OH ; OH
H+
—— @ i
R’ OR" Rj OR R OR"
| ‘ I
OH : o
R HO & "HOR"
H
R OR" R"O R OR
HoC——0——
R" "= HC—OH (glyceryl radical)
H,C——=OH

R' = carbon chain of the fatty acid
R = akyl group of the alcohol

Figure 2.2 Mechanism of the acid catalyst transesterification (Ma, F. et a., 1998)
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2. Base-catalysed processe
This reaction is catalyzed by base. Any strong base will do, e.g. NaOH,
KOH, sodium methoxide etc. Commonly the base (KOH and NaOH) is dissolved in
the alcohol to make a convenient method of dispersing the otherwise solid catalyst
into the oil. The ROH needs to be very dry. Any water in the process promotes the
saponification reaction and inhibits the transesterification reaction.

ROH +B =—= RO +BH" @)
R'COO—CH, R'coo——<|:H2
R"COO——(|:H ﬁ—\ OR R"COO—(|ZH <|3R 2
H,C—OCR" HZC—o—T—R'"
O o-
R'COO—CHZ R'COO—CHZ
R"COO—CH OR —_— R'COO—CH + ROOCR"- (3)
— -
H,C—O—C+—R" e £ o
R'COO—CH, RICOQ——CHj;
R"COO—CH + BH* =———===  R"COO—CH + B 4)
HZC'—_O_ HZC"_OH

Figure 2.3 Mechanism of the base catayst transesterification (Ma, F. et a., 1998)
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3. Lipase-catalyzed process

Although chemical transesterification using an alkali-catalysis process
gives high conversion levels of triglycerides to their corresponding methyl esters in
short reaction times, the reaction has several drawbacks. it is energy intensive,
recovery of glycerol is difficult, the acidic or alkaline catalyst has to be removed from
the product, alkaline wastewater requires treatment, and free fatty acids and water
interfere with the reaction. The example of lipase catalysts includes PS 30, Novozyme
435-catalyzed. Recent studies have indicated the use of biocatalyst on the production
of biodiesel. The use of whole cell biocatalyst immobilized within biomass support
particle, like lipase is of advantage to” the biodiesel industry. Immobilized
Pseudomonas fluorescence lipases is very popular as a biocatalyst relative to
mobilized biocatalyst as itsactvity is more effective and it can be repeatedly used
without any decrease activity.«Further studies to genetically engineer of this product

are being are being done.

4. Non-ioni€ base-catal yzed process

A great number of organic_' bases has been developed and used as
catalyst or reactant for organic synthes's. Th&ee provide for a mild reaction condition
to ssimplify manipulation of the factors involvéd in increasing the yield of the akly
ester. Bases were used in this process 'in‘dining amines such as triethylamine,
piperidine, amidines such as 1,8-diazabicyclo|5.4.0lundec-7-ene (DBU) and 1,5
diazabicyclo[4.3.0]non-5-ene (DBN), guanidines such as 1,5,7-
triazabicyclo[4.4.0]dec-5-ene (TBD) and 1,1,3,3-tetramethylguanidine (TMG) and
amino- and nitroguanidines “such. as' tris(dimethyl amino)methyliminophosphorane
(Me/P).

N N N
ch/ >P<
N = H3C——N N——CHjs
N N ‘ ‘
CH CH
\N CH3 3 3
DBU MTBD Me;P

Figure 2.4 Samples of non-ionic base-catalysts
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5. Heterogeneously catalyzed processes (Ramadhas, A. S. et al., 2005)

Although transesterification using a conventional base-catalyzed
process gives high conversion levels of triglycerides to their corresponding alkyl ester
in short times, the reaction has several drawback: it is energy intensive; recovery of
glycerine is difficult; the catalyst has to be removed from the product; alkaline waste-
water requires treatment and FFAs and water interfere with reaction. In order to
minimize problems, attempts to use heterogeneous catalyst system in alcoholysis of
triglycerides have been made. They can be easily separated from the system at the end
of the reaction and could also be reused even they could not be for along duration of
time as they leach out and the reaction is incomplete and the phases are difficult to

separate.

6. Noncatal yil€C transesterification process (Ramadhas, A. S. et al., 2005)

With the aim¢ of developing a novel methanolysis process for ail
without using any catalyst, made a fundamental study of biodiesel production in
supercritical methanol. They demonstrated_that preheating to a temperature of 350°C
and treatment for 240 s in supercritica m.;et"hanol were sufficient to convert oil to
methyl ester. Moreover, while the methyl &sters produced were basically the same as
those obtained in the conventional method wi_th;a basic catalyst, the methyl ester yield
of the supercritical methanol method was h| gher Kineticranalyses of the reactions in
subcritical and supereritical methanol revealed that the rate of oil conversion to
methyl esters increased dramatically in the supercritical state. A reaction temperature
of 350°C and amolar ratio of methanol to ail of 42 to 1 were considered to be the best
conditions.

The preparation of biodiesel according to used process, was
summarized inTalte 2.7
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Table 2.7 Classification of processes use different catalysts for the preparation of

biodiesel
Homogeneous processes Heterogeneous processes
Acid-catalyzed process Immobilized lipase-catalyzed process
Base-catalyzed process Heterogeneous process

Non-ionic base-catalyzed process

Noncatalytic process

Normally, transesterifieation of vegetabie oils is the base-catalyzed processes
because this process give a very high yi"el dsand very active. After transesterification
of vegetable oils, the produet 1s@ mixture of esters, glycerol, alcohol, catalyst and tri-,
di- and monoglyceride. Theres1tis not easy to gain pure ester without impurities such
as di- and monoglycerides(\/€jkovic, \/. B. et d., 2006)
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2.3. Technical Consideration (R&D Division Roya Thai Naval Dockyard., 2005)

To ensure that the biodiesel quality reaches decent standard and not causing
harmful impacts on diesel engines, the biodiesel has been tested on several types of
engines e.g.trucks, vans, pick-up trucks, buses and marine diesel engines etc. both
short term and long term effects. Then the test results can be further revea to the

public.

2.3.1 Install capacity " /
The size of bi Odl @, according to the requirement of
users. At the beginning WCh‘!he Z%mapacl ty plant was constructed

oil is by product from chicken

Figure 2.5 The prototype of biodiesel plant
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The necessary equipment for plant system are as following;
- Chemical Mixing Tank
- Reactor Tank ; a400 litres capacity and made of stainless steel.
- Separator ; Centrifugal type
- Washing Tank no.1 ; a800 litres capacity made of stainless stedl.
- Washing Tank no.2; a 800 litres capacity made of stainless stedl.
- Storage Tanks; can store up to 1,000 litres of biodiesel ail.
- Temperature Sensor

AULINENINYINT
RN IUNRINYIAY
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2.4 Literaturereviews
2.4.1 Biodiesel production

According to Ramadhas and Jayarg] (2004), studied production of fuel-
quality biodiesel from high FFA. It is found that the feedstocks with high FFAs could
not be transesterified with the commerciadly avallable akaine catalyst
transesterification process. A two-step transesterification process is developed to
convert the high FFA ails to its esters. The first step (acid catalyzed esterification via
H,SO, 1%w/w) reduces the FEA content of .ihe oil to less than 2%. The akaline
catalyst transesterification process converts the products of the first step to its mono-
esters and glycerol. Excess.addiiion of sulphuric acid darkens the product. It has been
also found that the conversion€tiiciency is strongly affected by molar ratio of alcohol
to oil. The molar ratio of 6:1 favors.the completion of alkaline catalyzed esterification
process with in hafsan hour. The maximum ester conversion is achieved at the
reaction temperature of#45-50 °C. The viscosity of biodiesel is nearer to that diesel.
The flash point of biodiesel (about 130 °C)'-is greater than that of diesel and the
caorific value is dightly lower tharn that of diesel. This two-step esterification method
reduces the overall production cost of the bi odiéeel, asit uses low cost unrefined non-
edible oils. !

According to Miao and Wu (2005), studied method for the production of
biodiesel from heterotrophic microalgal oil, Chlorella protothecoides is a microalgae
that can be photoautotrophically or heterotrophically grown under different culture
conditions. Heterotrophic growth of C. protothecoides resulted in the accumulation of
a largeamount of<0il in<cells: @il cantentiinheterctrophic cells,reached as high as
55.20%.- Large amount of microalgal oil was efficiently” extracted from these
heterotrophic cells by using n-hexane. Biodiesel comparable to conventiona diesel
was obtained from heterotrophic microalgal oil by acidic transesterification. Good
quality of biodiesel could be obtained in the presence of 100% acid catalyst (on oil
basis) at high temperature. The best combination of factors was 100% catalyst
guantity (based on oil weight) with 56:1 molar ratio of methanol to oil at temperature
of 30°C, which reduced product specific gravity from an initial value of 0.912 to a
final value of 0.8637 in about 4 h of reaction time.
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According to Veljkovic et ai. (2006), studied the production of fatty acid
methyl esters (FAME) from crude tobacco seed oil (TSO) having high free fatty acids
(FFA) was investigated. Due to its high FFA, the TSO was processed in two steps: the
acid-catalyzed esterification (ACE) followed by the base-catalyzed methanolysis
(BCM). The first step reduced the FFA level to less than 2% in 25 min for the molar
ratio of 18:1. The second step converted the product of the first step into FAME and
glycerol. The maximum yield of FAME was about 91% in about 30 min. The tobacco
biodiesel obtained had the fuel properties within the limits prescribed by the latest
American (ASTM D 6751-02) and European«(DIN EN 14214) standards, except
asomewhat higher acid value than that prescribed by the latter standard (<0.5). Thus,
tobacco seeds (TS), as agricultural  wastes, might be a valuable renewable raw
material for the biodiesel_production.

2.4.2 Biodiesal'from waste oil

According t0 Leung and Gu_d "-(2006), study, the characteristics and
performance of three commonty used catalysts used for alkaline-catalyzed
transesterification i.e. sodium hydroxide, potaséi'um hydroxide and sodium methoxide,
were evaluated using, edible Canola oil ahd‘ u%d frying oil. The fuel properties of
biodiesel produced from these catalysts, such as ester content, kinematic viscosity and
acid value, were measured and compared. With intermediate catalytic activity and a
much lower cost sodium.hydroxide was found to be more superior than the other two
catalysts. The progess variables that influence the transestérification of triglycerides,
such as catalyst' concentration, molar ratio of methanol to raw oil, reaction time,
reactiomtemperature, and:free fatty: acids contentyofi raw oilin theireaction system,
were investigated and optimized. This paper aso studied the influence of the physical
and chemical properties of the feedstock oils on the akaline-catalyzed
transesterification process and determined the optimal transesterification reaction

conditions that produce the maximum ester content and yield.
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According to Wang et a. (2007), studied a two step catalyzed process
for biodiesel from waste cooking oil. Acid vaue in oil was 75.92+0.036 mgK OH/g.
The free fatty acids of WCO were esterified with methanol catalyzed by ferric sulfate
in the first step, and the triglycerides (TGs) in WCO were transesterified with
methanol catalyzed by potassium hydroxide in the second step. The results showed
that ferric sulfate had high activity to catalyze the esterification of free fatty acids
(FFA) with methanol, The conversion rate of FFA reached 97.22% when 2 wt% of
ferric sulfate was added to the reaction system containing methanol to TG inl10:1
(mole ratio) composition and reacted at ©3°C for 4 h. The methanol was vacuum
evaporated, and transesterification of the remaned triglycerides was performed at
65°C for 1 h in a reaction system containing 1 wt% of potassium hydroxide and 6:1
mole ratio of methanol to G The fina product with 97.02% of biodiesel, obtained
after the two step catalyzed process, was analyzed by gas chromatography. This new
process has many advaniages compared with the old processes, such as no acidic

waste water, high effieiency, |ow eguipment cost and easy recovery of the catalyst.

According t@ Arfjun et al. (2007), studied process for biodiesel from
waste cooking oil collected froni atocal réﬁtaq_rant in Halifax, Nova Scotia, Canada.
Ethyl acohol with sodium hydroxide as a catalg/st was used for the transesterification
process. The fatty acid composition of the flnal bi odiesel jesters was determination by
gas chromatography.” The biodiesel was characterized by its physica and fuel
properties including density, viscosity, acid value, flash point, cloud point, pour point,
cetane index, water and sediment content, total and free glycerin content, diglyceride
and monoglycerides, phosphorus content “and' sulfur content according to ASTM
standards. The Viscosity of the biodiesel ethyl ester was found to be 5.03 mm?%/sec at
40 °CsThe viscosity of waste cgoking oill measured in room temperature (at 21 °C.)
was 72 imm“/sec. From the tests, the flash point was found to be 164 °C., the
phosphorous content was 2 ppm, those of calcium and magnesium were 1 ppm
combined, water and sediment was 0%, sulfur content was 2 ppm, total acid number
was 0.29 mgK OH/g, cetane index was 61, cloud point was -1 °C. and pour point was -
-16 °C. Production of biodiesel from waste cooking oils for diesdl substitute is

particularly important because of the decreasing trend of economica oil reserves,



26

environmental problems caused due to fossil fuel use and the high price of prtroleum

products in the international market.
2.4.3 Biodiesel from by-product of manufacturing process

According to Hamed et al. (2007), studied a two step catalyzed process
for biodiesdl production from Salmon oil, a by-product of salmon processing, was
used as a feedstock for biodiesel production via transesterification in a two-step
process. Two different types of salmon oili\were tested: salmon oil extracted from
acidified salmon hydrolysate and salmon .eil.extracted from salmon by-products.
Optimal amounts of chemicals reduired to give the highest biodiesel yield from each
oil were determined using.eatCir production procedures. It was found that due to the
high acid value of salmeon .oil, akaline-catalysed transesterification was not an
effective method for producing biodiesal from the salmon oil. Therefore a two-step
process was applied, in'whicha sul phurié‘ragi d-catal ysed pretreatment was used in the
first step to reduce the acid value from 12.0 to 3mg [KOH] g [oil™* and then, in the

second step, KOH-catalysed transesterification was applied. All experiments were

performed at a temperature of 5272 1C Wit_'rj éljmixing intensity of 600 rpm. Based on
the total weight of salmon oil used, thef'rnéximum biodiesdl yield of 99% was
achieved using a total, methanol/molar ratio..o'f_ 5.-2% and 0.5% (w/w) KOH. Ester loss
due to the formation of emulsion during the washing and drying steps was 15%
maximum. This loss could be reduced in practica applications by better design of
washing and drying techniques. A preliminary economic analysis showed that the cost
of biodiesel praduction-from salman oil' was almost twice that produced from soybean

oil.
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CHAPTER 11
EXPERIMENTAL

3.1 Materialsand equipment

3.1.1 Chemical reagent
1. Sodium hydroxide (NaOH)
. Potassium hydroxide (KOH)
. Potassium carbonate (K>COs)
. Methanol (CHsOH)
. Methyl heptadeeanoaie (Internal Standaid)
. n-Hexane :
. 2-Propanol(Internal Standarld)
. N-Heptane ¢ 4
. N-methyl-N-iri methysilyltrifljyroacetamide (MSTFA)
. Pyridine (Stored on molecular sieve; Bad for male fertility and carcinogenic)
. 1,2,4-Butanetriol ‘ )

© 00 N O o B~ N

[
= O

)
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. 1,2,3-Tricaproylglycerel (tricaprin)

[
w N

. 1-monool eoyl gl ycerol (monoole_in)g. y

[EN
D

. 1,3-diolegylglycerol (diolein)

[
ol

. 1,2,3-trieleoylglycerol (triolein)

=Y
(o2}

. Glycerol -

=
\‘

. Monoglycerides(Commercial mixture and should made up of
monopalmitoylglyceral [monopal mitin], manostearoyl glycerol
[monostearin] and mongoleoylglycerol [monoolein]

18. Paraffin oil
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3.1.2 Equipment
1. Reflux condenser set
2. Hotplate with magnetic stirrer set
3. Separation funnel stand and clamps
4. Thermometer
5. Volumetric flask, Erlenmeyer flask and Round bottom flask
6. Beaker

7. Filter paper
8. Ultrasonic bath

) U]
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3.2 Determine properties of chicken oil
The physical properties of chicken oil were determined according to ASTM as
shown in Table 3.1. Results are given in Section 4.1.

Table 3.1 Tested method of chicken oil

Property Method
% FFA ASTM D5555

Flash o -.\\\M{ ' _ASTM D93
Pour point. - “ASTM D97

C(.)u. point- ‘W
Dis 5.7//“ \\‘?\* M D86
ﬁﬁ&l\\\;‘ "

Ve 4 /=8 "
e 'ﬂ\\\\\ 4204
of P2 jaim W\'\\ i

yw;ﬂ
" i

The compositions of falty acids @ ken oil were analyzed using AOAC
method (AOAC 969.33). Rasu u‘_j, gction 4.1

ED 9
ﬂumwﬂmwmm
QW']Mﬂ‘im UAIINYAY
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3.3 Biodiesel production

Chicken oil (50 g) was added into the round bottom flask. After preheating
chicken oil to the desired temperature for transesterification, a solution of base-
catalyst in methanol was added and then heated at temperature 60°C for 1 h. The
reaction was monitored by TLC developed by hexane:ethylacetate (90:10 v/v) and
visualized by vanillin/H,SO, solution. After cooling down to room temperature the
reaction mixture was transferred to separatory funnel and left overnight. The methyl
ester layer and the glycerol layer were separaied. The methyl ester layer (top phase)
must be conducted to remove impurities by washing with hot water until washing
water was neutral. The methyl ester (0.25 g) was subjected to GC-FID analysis.

The composition ofsmethyl ester (or %FAME) in biodiesel from chicken ail
was determined using a*Agilent’ Technologies 7890A GC System and a flame
ionization detector. The capillany column was a HP-INNOWax (Cross-Linked PEG)
column with length of '30.m, & film thickness of 0.5 um and an internal diameter of
0.32 mm. Helium was used &s carrier gas and also as an auxiliary gas for the FID. One
micro-liter of each sample was subjected to GC analysis using auto injector with
Agilent Technology 7683B Series inj ector For quditative calculation, methyl
heptadecanoate was used as the internql '__S-tandard. (EN 14103) see detail in
Appendix A. i

As a supplement to GC analysis, thin layer chromatography (TLC) was also
used to indicate the extent of transesterification. TLC was performed on aluminium
sheet coated with silica gel.60F,s, (Merck),and hexane:ethyl acetate (90:1) was used
as amobile phase.

In this study, the purity of biodiesel product from chicken oil denoted by its
%FAME fdensity-andiflashpoint: Product yield s defired as the weight percentage
of the final product (transesterified and purified oil) relative to the weight of oil at the
start (Eq. (1)). It, in fact, indicates the final results of the competition between the
main reaction (transesterification) producing methyl esters and side reactions
(saponification) influencing the ester yield.

weight of product
Product yield = : : (@H)]
weight of raw oil
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The flow diagram for base-catalyzed process on the laboratory scale was
shown in Scheme 3.1.

Chicken ail + (Methanol +Base-catalyst)

Separation process

|

Crude glycerin

e 3.1 Base cquzed transesterification

ﬂUEl’J'VIEWI?WEI']ﬂ‘i
ammmm UNIINYAY
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Figure3.1 Glassres f,, magnetcstrrer
2 \

%
1

Biodiesel layer

& - Glycerin layer

1) SRR
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3.4 Optimization of process parameter

3.4.1 Effect of base-catalyst concentration

The effect of NaOH and KOH concentration on the transesterification of
chicken oil was investigated with its concentration varying from 0.25 to 3.0 wt%
(based on the weight of chicken oil) The operation condition during the whole
reaction process were fixed at reaction temperature of 65°C, reaction time of 60
minutes and molar ratio of methanol to chicken oil at 10:1. Results are given in
Section 4.2.1.

The concentration of K»COs3 varyingfrem 5 to 20 wt%. (based on the weight
of chicken oil) The operation condition during the whole reaction process were fixed
a reaction temperature gi+85°C, reaction time of 180 minutes and molar ratio of

methanol to chicken oil ai40.4. Results are given in Section 4.2.1.

3.4.2 Effect of molar ratioof methanol to chicken oil

In this section, study the effeci of molar ratio on ester content and %product
yield of the transesterification of chicken Qi_'l Was investigated with its molar ratio of
methanol to chicken oil varyingfrom 3:1 td iz,‘;._l. The operation condition during the
whole reaction process were fixed at reaction temperature of 65°C, reaction time of 60
minutes and molar ratio of methanol to chici<en oll e’ 10:1. Results are given in
Section 4.2.2.

The molar ratio of MeOH when used K,CO;3 catayst was varied from 10:1 to
80:1. The operation conditien during the whole reaction process were fixed at reaction

temperature of 85°C; reaction time of 180 minutes: Results aregiven in Section 4.2.2.

3.4;:3 Effect of reaction temperature
IR this section, the effect of temperature on ester content and %product yield
of the transesterification of chicken oil, was investigated with its temperature varying
from 45-85°C and at the optimal condition similar to that in Section 3.4.2. The
operation condition during the whole reaction process were fixed at reaction time of

60 minutes. Results are given in Section 4.2.3.



34

When K,CO; catalyst was used, the effect of temperature on ester content and
%product yield of the transesterification of chicken oil, was investigated with its
temperature varying from 50-130°C and at the optimal condition similar to that in
Section 3.4.2. The operation condition during the whole reaction process were fixed at
reaction time of 180 minutes. Results are given in Section 4.2.3.

3.4.4 Effect of reaction time

In this section, study the effect, of reaction time on %FAME and %product
yield of the transesterification of chicken oil, the molar ratio of methanol to chicken
oil used was similar to that in Section 3.4.24"and reaction temperature used was
similar to that in Section 3.4.3, sampling sample in reaction at 1, 3, 5, 10, 20, 30, 40,
50, 60 and 70 minutes. Results are given in Section 4.2.4.

The effect of reaetion time when used K,COs catalyst, the molar ratio of
methanol to chicken oilsused was similar to that in Section 3.4.2, and reaction
temperature used was similar to that in Section 3.4.3. Additionally, the reaction
mixture was sampled ior GC anaysis af_30, 60, 90, 120, 150, 180, 210 and 240
minutes. Results are givea'in Section 4'2'47
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3.5 Determine properties of biodiesel from chicken oil

The physical properties of biodiesel produced from chicken oil were
determined Standard methods as shown in Table 3.3. Results are given in Section 4.3.

Table 3.2 Tested method of biodiesal from chicken oil

Method
ASTM D1298
ASTM D93
ASTM D97
.. ASTM D2500
ASTM D86
\ ASTM D445
ASTM D4294
ASTM D976
ASTM D613
EN 14103
EN 14105

Property
- )

N

=

Fatty acid IV et@?aer
Free and tgjaér:g[ .

" EN 14110

HUEJ’WIEJWTWEJ']ﬂ‘i
QW’]Mﬂ‘ﬁﬂJﬁJW]’JWMﬂEJ
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CHAPTER IV
RESULTSAND DISCUSSION

4.1 Physical and chemical propertiesof chicken ail

Chicken oil (CK) was a by-product of chicken essence soup manufacturing.
In this study, the chicken oil was collected from factory in local Chonburi province
Figure4.1 and 4.2.

Figure 4.2 Chicken essence soup manufacturing (Cerebos in Thailand)
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The physical and chemical properties of chicken oil were analyzed and the

results are shown in Table 4.1.

Table 4.1 Physical and chemical properties of chicken oil

Property Chicken oil
% Free fatty acid 1.16
Specific gravity 0.9176
Flash point (°C) >200
Pour point (°C) 3
Clound point(°C) 9
Digtillation(°C) IBP=209, 90% recovered =355
Viscosity (¢St at40°C) | 0.5034
Sulphug(wi%) £+ = = 4 0.003
Cetane Index :‘ 4 35.78

From the Table 4.1, it was fouh&-;,that the flasn point of chicken oil is vary
high about >200°C (268°C) and this is in"i‘aii:_eo'rdance with the lower volatility of the
chicken oil in comparison to diesa-fuel (fla'éhi Jﬁoi nt >52°C). However, the high flash
point of chicken oil.is a beneficial safety fééfufé‘, as.this fuel can be safety stored at
room temperatures.’ The-peer-veolaitity-of-chicken-oii-is due to their high content of
unsaturated fatty aci ds

The Cetane index is lower than the minimum of 47 for automotive diesel

fuelsin Thailand. Becauseitywas found high specific gravity and low volatility.

The chicken ail is amixture of triglycerides of a variety of fatty acids. Based
on the GC-FID analysis, 12 typesofifatty ‘acidsiwere identified and quality. These
fatty acids vary in carbon chan length and in the number of unsaturated (double
bonds) present. The fatty acid profile of chicken oil is shown in Figure 4.3.

The composition of Fatty acid of chicken oil are also analyzed using AOAC
method (AOAC 969.33). Theresults are shown in Table 4.2.



Table 4.2 Fatty acid profile of chicken oil (GC-FID analysis)

Property Carbon atoms wt.%
Myristic C14:.0 0.53%
Myristoleic Cl4:1 0.14%
Pentadecanoic C15:.0 0.06%
Palmitic C16:0 22.57%
Palmiolic Cl6:1 5.04%
Stearic C18.0 4.72%
Oleic C18:1 38.1%
Linoleic C18:2 23.75%
Limolenic -’ Ci8:3 1.36%
cis-11,14-Eicosadienoie C20:2 0.16%
cis-11,14,17<Eicgsadienoic \ Cc20:3 0.18%
Arachidonic 1 4 C20:4 0.3%
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It was found that the faity acid";.of‘-’chicken oil mainly consisted of linoleic

acid and oleic acid. The iotal s_aturated'_}g'_r,ld__‘ unsaturated fatty acid composition is

27.88% and 69.03% respectively. ¥R
'-.J"ﬂ
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Figure 4.3 GC chromatogram of chicken oil
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4.2 Biodiesd Production

4.2.1 Effect of catalyst concentration

Considering data from literature review (Gerpen, J.V. et a., 2005), the
concentration of three akaline catalysts sodium hydroxide (NaOH), potassium
hydroxide (KOH) and sodium carbonate (K,COg3) all of which are commonly used for
alkaline-catalyzed transesterification research, were selected for study. To evauate
the performance of each of these catalysts, the transesterification of the chicken ail
with methanol was carried out with the use.of individua catalyst under identical
molar ratio of methanol to ehicken oil (10:4); reaction temperature (65°C) and

reaction time (60 minutes).

4.2.1.1 NaOH.eaialyst

The chicken oil: was used to produce biodiesel using 0.4-1.6%

(%o0il weight) NaOH .catalyst; CK:MeOEI molar ratio of 1:10, temperature of 65°C
and reaction time of 60/minutes. The r%ults are shown in Table 4.3, Figure 4.4. and
Figure 4.5. o -

o

Table4.3 The amount of NaOH-¢cenverts CK as methyl ester via base-catalyzed
process Gompositions of fatty acidsin chicken ail

(CK:MeOH ratio 1:10; temperature of 65°C and reaction time of

60 minutes)
Amountof NaOH %Product i Flash point
YFAME Density
(Yow/w oil) yield ©
04 95.68 79.92 0.8588 173
0.6 96.91 94.08 0.8812 162
0.8 97.95 95.84 0.8809 165
1.0 97.92 88.58 0.8790 165
12 97.94 76.00 0.8796 163
14 97.99 79.49 0.9060 153
16 97.86 60.56 0.8996 156
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At 0.8%NaOH, the high FAME and product was obtained in a good
yield with 97.95% and 95.84% respectively.

The reproductive TLC of triglyceride was converted into FAME in this
Figure 4.4.

Sterol ester

Ester

Triglyceride

DSOS\ 7z

Stationary phase : TLC aluminium shegt, silicagel 60 Fys,

Figure4.4%euﬂ§T Eg ﬂnnj m;lﬂoﬁentration of NaOH
OV DR i7b (il 11261
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Figure4.5 Effect of NaOH concmtratipnaon the transesterification of chicken oil

Experimental results (Ejgdre 4.5) showed that the changes in
%FAME, %product yield and flash point. W_fi'th cadyst concentration followed an
asymptotic curve for the chicken oil. As the N;OH concentration increased, the %0FAME,
as well as the %oproduct vield aso increased. Insufficient -amount of NaOH resulted in
incomplete conversionof triglycerides into the esters as indicated from its lower %FAME.
Based on this observaiion, the %product yield under the cases of excess NaOH
concentrations (>1.0 wt.%) avas examined. Itican be seen from Figure 4.5 that when the
NaOH concentration,wes inereased from 1.0 wt.% to 1.6 wit.%, the %product yield of
biodiesd dropped from 88.58% to 60.56% with a reduction of 20%., Large amounts of
sogps were observed during the responsible for the yid d reduction: This is because addition
of excess dkdine catdyst (NaOH) caused more triglycerides participating in the
saponification reaction with NaOH producing more soap, thereby reducing the ester yield.
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4.2.1.2 KOH catalyst
The chicken oil was used to produce biodiesel using 0.4-1.6%

(%o0il weight) KOH catalyst, CK:MeOH ratio of 1:10, temperature of 65°C and
reaction time of 60 minutes. The results are shown in Table 4.4, Figure 4.6. and

Figure 4.7.

Table4.4 Theamount of KOH converts CK as methyl ester via base-catalyzed
process Compositions of fatty acids in chicken oil
(CK:MeOH ratio 1:10, temperatureof 65°C and reaction time of 60 minutes)

Amount of KOH i%Product _ )
O oil) Y%FAME yidld Density Flash point (C)
0.4 9682 1780.28 0.9084 173
0.6 9700 | ';9'6.88 0.9062 160
0.8 9789+ | 96:88 0.8796 162
1.0 9795, . 9710 0.8791 161
12 97.93 .- ??53 0.8790 162
14 97.94 %74 0.8793 161
16 97.91 5608 | 08790 161
18 ~ 9791 81.60 0.8785 162

At 1.0%KQH,.the high FAME.and product was obtained in a good yield
with 97.95% and 97.10% respectively.
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The reproductive TLC of triglyceride was converted into FAME in this

Figure 4.6.
r
Sternl ester
Ester
Trighyceride
CK |
1-7 : Conx 20H {: ' 6, 3=0.8%, 4=1.0%, 5=1.2%,
yl acetate (90:10 v/v)
eet, silicagel 60 Fasg
e 7
Figure 4.6 The results of TLC &t dif e-catalyst concentration of KOH
el A %) o _
(CK:MeOH ratioﬂ 1:10, ferﬁﬁ'e"atur"e"o 65°C quon time of 60 minutes)
\ - : dr‘
200 D .A i
180 D
¢ o
AUHINININYINT
120
0 ¢ .
AW LAINT ¢)
A 60
40
20
0+ T T T )
0 0.5 1 1.5 2
KOH concentration(wt.%)
‘—0—%FAME —&— flash point —&— %product yield ‘

Figure 4.7 Effect of KOH concentration on the transesterification of chicken ol



Experimental result (Figure 4.7) showed that the changes in
%FAME, %product yield and flash point with catadyst concentration followed an
asymptotic curve for the chicken oil. Asthe KOH concentration increased, the %FAME, as
well as the %product yield aso increased. Insufficient amount of KOH resulted in
incomplete conversion of triglycerides into the esters as indicated from its lower %FAME.
Based on this observation, the %product yied under the cases of excess KOH
concentrations (>1.6 wt.%) was examined. It can be seen from Figure. 4.7. tha when the
KOH concentration was increased from 1.6 wt.% to 1.8 wt.%, the %product yield of
biodiesdl dropped from 96.08% to 81.60%, a-rediction of 10%. Large amounts of soaps
were observed during the responsible forthe yield reduction. This is because addition of
excess dkaline catdyst (KOH) catised mare triglyeerides participating in the saponification
reaction with KOH producingimoresoap, thereby reducing the ester yield.
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4.2.1.3 K,CO3 catalyst
The chicken oil was used to produce biodiesel using 5-15% (%o0il

weight) K,CO3 catalyst, CK:MeOH ratio of 1:40, temperature of 85°C and reaction
time of 180 minutes. The results are shown in Table 4.5, Figure 4.8. and Figure 4.9.

Table4.5 Theamount of K,CO3 converts CK as methyl ester via base-catalyzed
process Compositions of fatty acidsin chicken oil

(CK:MeOH ratio of 1:40, temperature of 85°C and reaction time of 180 minutes)

Amount of K,CO3 YoPreduct _ _
_ UWEAME () : Density Flash point (C)
(Yow/w oil) yield
5 7#0.3% 72.40 0.9146 167
7 aoi/] -3 7287 0.9146 175
8 70487 =77533 0.9030 173
9 70.68 | 8284 0.9031 165
10 7106 " 8293 0.9063 159
11 214, .};7604 0.9077 167
12 70,89 :%2.554 0.9104 178
15 7145 4962 0.9056 168

At 1O%K§003, the FAME and product were obtained in a good yield
with 71.06% and 82.93% respectively.
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The reproductive TLC of triglyceride was converted into FAME in this

Figure 4.8.
Sterol ester
Ester
Triglyceride
CK
1-4: 0, 3=12% and 4=15%)
e, ethyl acetate (90:10 v/v)
sheet, silicagel 60 Fusq
Figure 4.8 Theresult of L se-catalyst concentration of K,COs
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K,CO3 concentration (wt.%)

|—— %FAME —m— flash point —— %product yield |

Figure4.9 Effect of K,CO3 concentration on the transesterification of chicken ail
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Experimental result (Figure 4.9) showed that the changes in
%FAME, %product yield and flash point with catdyst concentration followed an
asymptotic curve for the chicken oil. Asthe K,COs; concentration increased, the %0FAME,
as well as the %product yied dso increased. Insufficient amount of K,CO; resulted in
incomplete conversion of triglycerides into the esters as indicated from its lower %FAME.
Based on this observation, the %product yield under the cases of excess KyCOs
concentrations (>11.0 wt.%) was examined. It can be seen from Figure 4.9 that when the
KCOs3 concentration was increased from, 11.0 wt.% to 15.0 wt.%, the %product yield of
biodiesd dropped from 76.04% to 49.62%, e.reduction of 20%. Large amounts of soaps
were observed during the respongible for the yigldreduction. This is because addition of
excess dkdine catdyst (K,COs) caused more triglycerides participating in the
saponification reaction with KsCOs producing more soap, thereby reducing the ester yield.
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4.2.2 The Effect of molar ratio of methanol to oil
In order to study the effect of molar ratio on %FAME and %oproduct yield of
the transesterification, experiments were conducted with various molar ratios of methanol
to ail in the range of 5:1to 16:1. The optimized catalyst concentration and reaction times as
obtained in the previous sections were adopted.

4.2.2.1 NaOH catalyst
The CK:MeOH ratio of the NaOH are shown in Table 4.6.

Table4.6 Theamount of MeOH convertsCikeas methyl ester via base-catalyzed
process Cormpositions of fatty acids in chicken oil
(NaOH 0.8%wi?, temperature of 65 °C and reaction time of 60 minutes)

Molar ratio %Product
(MeOH: CK) %EAME '-fyield Density Flash point (C)
4 of 77 "76.3_2 0.8893 163
6 9507 .| 89.74 0.8833 165
8 95.12 éé:_z'z_,,v 0.8821 165
10 97.95 9584 | 08809 165
12 97.14 91.14 0:8969 167
14 97.94 96.24 0.8794 162
16 88.96 75.60 0.8564 172

From the Table 4.6, The high %FAMEand %product yield was obtained
with 10:1 of MeOH:chicken ail as 97.95 %FAME-and 95.84 %product yield
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The reproductive TLC of triglyceride was converted into FAME in this
Figure 4.10.

Sterol ester

Ester

Triglyceride

CK
16 =12:1,5=14:1 and 6=16:1)
, ethyl acetate (90:10 v/v)
ium sheet, silicagel 60 Fass
Figure4.10 The result of Lc%eeféter “K:M eOH ratio of NaOH (NaOH 0.8%w.,

e
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MeOH:CK ratio

| ~— %FAME —=— flash point —— %product yield |

Figure4.11 Effect of MeOH:CK ratio of NaOH on the transesterification of chicken ail
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Figure 4.11 showed the results of these experiments, which exhibited an
asymptotic trend for the %FAME and %product yidd. For the <toichiometric
transesterification reaction, three moles of methanol per a mole of triglyceride were
required to yidd three moles of faty methyl esters and one mole of glycerol. The
theoretica molar ratio of methanol to triglyceride should therefore be 3:1. However, as
shown in Figure 4.11, maximum ester yield was obtained a a molar ratio of 10:1 for
chicken oil. This higher molar ratio than the stoichiometric value resulted in a greater ester
converson and could ensure complete reaction. When the ratio was increased from 5:1 to
10:1, the Y%FAME raised from 91.77% to 97.95%, while the yield rose from 76.32% to
95.84%. Therefore, the reaction was incompleteforamolar ratio lessthan 16:1.

On the other hand, there is very little effect on the biodiesd yield and purity
for molar ratio beyond 10: L.Vareover, it was observed that for high molar ratio a longer
time was required for the stibsequent separation stage since separation of the ester layer
from the water layer becomes more difficult with the addition of a large amount of
methanol. Thisis due te'the fect that methanol , with one polar hydroxyl group, can work as
an emulsifier that enhances emulsion. Therefc_)re, increasing the molar ratio of methanol/oil
beyond 10:1 did not increage the product yield;aé-well asthe ester content, but complicated
the ester recovery process and raised the ooé‘tvr:f"orl‘_mahaﬂol recovery. The results showed
that the molar ratio of acohal to oil-is another i_mbortant parameter affecting the biodiesd
yield and biodiesd purity, apart from catayst concentratl on and reaction time.



4222 KOH catalyst

The CK:MeOH ratio of the KOH areshownin Table4.7.

Table 4.7 Theamount of MeOH converts CK as methyl ester via base-catayzed process.

(KOH 1.0%wt., temperature of 65°C and reaction time of 60 minutes)

Molar ratio %Product
%FAME _ Density Flash point (C)
(MeOH:CK) yield
4 70.79 80.28 0.9137 168
6 05.32 83.58 0.9119 169
8 95,04 T 95.74 0.8889 164
10 97.95 97.10 0.8791 161
12 05472, 1 94.24 0.8954 168
14 95,03 .95.72 0.8833 170
16 o541 "_,;:94_.84 0.8921 165

From the tabl@ 4.7, the high produet yield and the high %FAME was
id % ol
obtained with 10:1 of MeOH:chicken oil as97.95 %FAME and 97.10 %product yield.

d .l
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The reproductive TLC of triglyceride was converted into FAME in this
Figure 4.12.

Aterol ester

Ester

Triglyceride

CK
1-6 101114:12:1 ,5=14:1 and 6=16:1)
Figure4.12 TLC result of pr ’u:a;-,_f__ at different CK:MeOH ratio (KOH

——
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| —— %FAME -8 flash point —&— %product yield |

Figure 4.13 Effect of MeOH:CK ratio of KOH on the transesterification of chicken ail
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Figure 4.13, showed the results of these experiments, which exhibited an
asymptotic trend for the %FAME and %product yidd. For the <toichiometric
transesterification reaction, three moles of methanol are required per mole of triglyceride to
yield three moles of fatty methyl esters and one mole of glycerol. The theoretica molar
ratio of methanal to triglyceride should therefore be 3:1. However, as shown in Figure 4.13,
maximum ester yield was obtained a a molar ratio of 10:1 for chicken oil. This higher
molar ratio than the stoichiometric value resulted in a greater ester conversion and could
ensure complete reaction. When the ratio was increased from 5:1 to 10:1, the %FAME
raised from 70.79% to 97.95%, while the yield rose from 80.28% to 97.10%. Therefore, the
reaction wasincomplete for amelar ratio less than d4:1.

On the other hand, there is very little effect on the biodiesd yield and purity
for molar ratio beyond 10: L.Vareover, it was observed that for high molar ratio a longer
time was required for the stibsequent separation stage since separation of the ester layer
from the water layer becomes more difficult with the addition of a large amount of
methanol. Thisis due te'the fect that methanol , with one polar hydroxyl group, can work as
an emulsifier that enhances emulsion. Therefc_)re, increasing the molar ratio of methanol/oil
beyond 10:1 did not increage the product yield;aé-well asthe ester content, but complicated
the ester recovery process and raised the ooé‘tvr:f"orl‘_mahaﬂol recovery. The results showed
that the molar ratio of acohal to oil-is another i_mbortant parameter affecting the biodiesd
yield and biodiesd purity, apart from catayst concentratl on and reaction time.



4.2.2.1 K,CO3 catalyst
The CK:MeOH ratio of the K,CO3 areshown in Table 4.8.

Table 4.8 The amount of MeOH converts CK to methyl ester via base-catalyzed process.
(K2CO3 10%wt., temperature of 85 °C and reaction time of 180 minutes)

Molar ratio %Product
_ %FAME _ Density Flash point (C)
(Ol : CH30H) yield

10 0.00 71.60 0.9038 175
20 £1.5% 81.40 0.9016 168
30 1 s . 80.80 0.9183 162
40 89.51 . 70.10 0.8956 169
50 94471 : 73.70 0.9027 177
60 9446 [ L%.B? 0.9063 188
70 0466/ © §7a.4o 0.8923 186
80 94.69. . 7482 0.8839 176

.-' ?
ald TN
From the table 4.8; the product -y}eld and the FAME was obtained with
1:20 of CK:methanol as 71.51 %EAM E and’,T'S_l_.AQ %product yield
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The reproductive TLC of triglyceride was converted into FAME in this
Figure 4.14.

Sterol ester

Ester

Triglyceride

:1,6=60:1, 7=70:1 and 8=80:1)
ane, ethyl acetate (90:10 v/v)

Figure 4.14 TLC result of progduct.c .!:; Sition fferent CK:MeOH ratio (K>COs
10%wt., temmgé ) °C and reaction time of 180 minutes)
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Figure4.15 Effect of MeOH:CK ratio of K,COg3 on the transesterification of chicken ail
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Figure 4.15, showed the results of these experiments, which exhibited an
asymptotic trend for the %FAME and %product yidd. For the <toichiometric
transesterification reaction, three moles of methanol are required per mole of triglyceride to
yield three moles of fatty methyl esters and one mole of glycerol. The theoretica molar
ratio of methanal to triglyceride should therefore be 3:1. However, as shown in Figure 4.15,
maximum ester yield was obtained a a molar ratio of 20:1 for chicken oil. This higher
molar ratio than the stoichiometric value resulted in a greater ester conversion and could
ensure complete reaction. When the ratio, was increased from 10:1 to 20:1, the %FAME
raised from 0.0% to 71.51%, while the yidld rese from 77.60% to 81.40%. Therefore, the
reaction wasincomplete for amelar ratio less then.80:1.

On the other hand, there is very little effect on the biodiesd yield and purity
for molar ratio beyond 20: L.V Qreover, it was observed that for high molar ratio a longer
time was required for the stibsequent separation stage since separation of the ester layer
from the water layer becomes more difficult with the addition of a large amount of
methanol. Thisis due te'the fect that methanol , with one polar hydroxyl group, can work as
an emulsifier that enhances emulsion. Therefc_)re, increasing the molar ratio of methanol/oil
beyond 20:1 did not increage the product yield;aé-well asthe ester content, but complicated
the ester recovery process and raised the ooé‘tvr:f"orl‘_mahaﬂol recovery. The results showed
that the molar ratio of acohal to oil-is another i_mbortant parameter affecting the biodiesd
yield and biodiesd purity, apart from catayst concentratl on and reaction time.
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4.2.3 The Effect of reaction temperature

Reaction temperature of NaOH catalyst

To determine the effect of reaction temperature on methyl esters formation,
the transesterification reaction was carried out under the optima conditions obtained in the
previous section (i.e. KOH 0.8%weight by weight of chicken oil, a 10:1 of methanol/ail
molar ratio and reaction time of 60 min). The experiments were conducted at temperatures
ranging from 45°C to 85°C. The effect of reaction temperature on the product yidd and
reaction time was presented in Table 4.9 and Figure 4.10

Table4.9 The amount of temperature converts CK.to methyl ester via base-catalyzed
process. (NaOH. 0.8%wt., CK:MeOH ratio of 1:10 and reaction time of 60

minutes)
Temperature(°C) %FAME | %Product yield Density | Flash point (C)
45 78.54 89.14 0.8563 168
55 9845 95.88 0.8566 167
65 97.95 “[** 9584 0.8554 165
75 97.68 9576 0.8565 168
85 97.65 93.96 0.8563 166

~d

From the table 4.9, the high product vield and the high FAME was
obtained with 55°Cas'98.15 %FAME and 95.88 %product-yield
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The reproductive TLC of triglyceride was converted into FAME in this

Figure 4.16.
4
Sterol ester
Ester
Ttiglycetide
1-5 15, 2=55, 3=65, 4=75 and 5=85°C)
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Figure 4.16 TLC result of prog position at different temperature (°C)
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Figure 4.17 The Effecirof temperatureL on %FAME , %Product yield, density and
flash point of biodiesel fi6m chiken oil -

!
Experimental results showed that the transesterification reaction could proceed
within the reaction temperature range siidiied but the reaction time to complete the reaction

varied significantly with rescti on--;temperature'lt'.@ be seen that a high product yield could

be achieved even & room temperature but;;hg_[eaction time would be substantialy
increased. It was alsb observed that for neat oil the maxinium yield occurred a a lower

temperature range between 55°C and 65°C. When tempera;t}ré was reduced from 75°C to
45°C, the product yield.can be increased from 89.14% to 95.76%. This significant increase
in eser yield a a lower‘temperature indicated that higher temperature had a negative

impact.
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Reaction temperature of KOH catalyst

To determine the effect of reaction temperature on methyl esters formation,
the transesterification reaction was carried out under the optima conditions obtained in the
previous section (i.e. KOH 1.0%weight by weight of chicken ail, a 10:1 of methanol/ail
molar ratio and reaction time of 60 min). The experiments were conducted at temperatures
ranging from 45°C to 85°C. The effect of reaction temperature on the product yied and
reaction time was presented in Table 4.10 and Figure 4.19.

Table4.10 Theamount of temperature converts CK as methyl ester via
base-catal yzed process Compositions of fatty acids in chicken ail
(KOH 1.0%wi., CK:M eOH ratio of 1.6.and reaction time of 60 minutes)

Temperature(°C) YoFAME %Product yield Density Flash point (C)
45 97 72 i 97.36 0.8566 163
55 97,65 "97.38 0.8554 162
65 97.95 197.10 0.8569 161
75 ogest ., 97.08 0.8564 162
85 97.09 97.02 0.8594 165

id

From the table 4.10, The higﬁ_rp_r_oduct yield and the high FAME was
obtained with 65°C a5 97.95 %FAME and 97.10 %product.yield
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The reproductive TLC of triglyceride was converted into FAME in this
Figure 4.18.

e
L

Sterol ester

Ester

Triglhreetide

AUEINININEINT
ARTAINTU UM INGAY

40 50 60 70 80 90
Temperature (C)

‘—0—%FAME —m— flash point —&— %product yield ‘

Figure 4.19 Effect of temperature on %FAME, %product yield, density and flash
point of biodiesel from chicken oil
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Experimentd results showed that the transesterification reaction could proceed
within the reaction temperature range studied but the reaction time to complete the reaction
sggnificantly with reaction temperature. It can be seen that a high product yield could be
achieved even a room temperature but the reaction time would be substantidly increased.
It was aso observed that for neat oil the maximum yield occurred a a lower temperature
range between 55°C and 65°C. When temperature was reduced from 75°C to 45°C, the
product yield can be increased from 89.14% to 95.76%. This significant increase in ester
yied a alower temperature indicated that higher temperature had a negative impact.
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Reaction temper atur e of K,COj3 catalyst

To determine the effect of reaction temperature on methyl esters formation,
the transesterification reaction was carried out under the optima conditions obtained in the
previous section (i.e. Ko.CO; 10% weight by weight of chicken oil, a 20:1 of methanol/ail
molar ratio and reaction time of 180 min). The experiments were conducted at temperatures
ranging from 40°C to 135°C. The effect of reaction temperature on the product yield and
reection timewas presented in Table4.11 and Figure 4.21.

Table4.11  Theamount of temperature converts CK as methyl ester via
base-catal yzed process Compositions of fatty acids in chicken ail
(K2CO3 10%wi., CK:MeOH ratio of 1.20.and reaction time of 180 minutes)

Temperature(°C) Y%FAME (’/oF3|roduct yield Density Flash point (C)
40 8904 /| . . 7660 0.8946 183
60 8807/ ] | — 7623 0.8879 176
70 8908 79740 0.8800 168
75 8915 - 80,00 0.8871 167
80 80.97 79.20 0.9063 169
90 8924/, 81.90" 0.9153 171
100 89.15 8252 0.9099 172
120 8919 7263 . 09026 151
135 L7 7204 68.49 0.9026 157

From the table 4.11, The high product yreld and the high FAME was
obtained with 90°C as 89.24,%FAME and 81.9 %product.yield
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The reproductive TLC of triglyceride was converted into FAME in this

Figure 4.20.
A
Sterol ester
Ester
Triglyceride
CK N
39 0, 4=75, 5=80, 6=90 and 9=135°C)
ne, ethyl acetate (90:10 v/v)
um sheet, silicagel 60 Fzsq
Ao
Figure 4.20 TLC result of proJJ ol \ al different temperature (°C)
(K2COsz 1 ion time of 180 minutes)
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100 -
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80
60
40
20 -
o _
35 115 125 135
\
1 h\\‘ﬁ.
ﬂ“r’/’I a‘:‘t\\ product yield

Figure 4.21 Effect ofste /oProduct yield and flash point of

biodiesal from chicken @

The results & : vas significantly constant at the
temperature from 40-120°C, white, there was a dight reduction in the %FAME at the
reaction temperat e, of 35¢ sedby enhancement of both
transesterification 15_' (Leung, D.Y.C. et al., 2006)

J
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4.2.4 The Effect of reaction time

Effect of reaction timefor NaOH catalyst

In the order to study indicated that the resction time required for the
completion of the akaine-catdyzed transesterification reaction depends not only on the
reaction temperature, but dso on the degree of mixing in the process. The reaction rate of
transesterification increases with increasing temperature and mixing degree. The reaction
time of the transesterification reaction conducted at 65°C was optimized with the highest
achievable mixing degree and an excess molar ratio of methanol to oil (10:1) with the
optima NaOH concentration a 0.8 %oweight by.aweioht of chicken ail.

The result anadyzed from %FAME Ly GC-FID for chicken oil was shown in
Table4.12 and Figure 4.22. :

Table4.12  The amount'of reaction time converis CK as methyl ester via
base-catal yzed process Compositions of faity acids in chicken ail
(NaOH'0.8%wi, CK:MeOH ratio of 1:10 and temperature of 55°C)

Time (min) " %FAME

T 27
3 3078
5 4671
10 76.74
15 82.24
20 88.82
30 90.44
40 91.46
5G 91/45
60 91.43
70 91.72

From the table 4.12, The high FAME was obtained with 40 minutes as
91.46 %FAME
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Figure 4.22 %FAM aOH 0.8%wt., CK:MeOH

ratio of 1: afaitire 55°C (Reaction time at 1, 3, 5, 10, 20, 30,
40, 50, 60, and 7 )

EAME vs. reaction time for chicken oil.
The results showed that t RV e first few minutes, a product
of more than 76.74 %FAME was formed [irst 10 min. After that, the
reaction slowed downE\d entere age Untlmme reaction equilibrium was

reached eventualy.

ﬂumwﬂmwmm
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TheEffect of reaction timefor KOH catalyst

In the order to study indicated that the reaction time required for the
completion of the KOH-catalyzed transesterification reaction depends not only on the
reaction temperature, but dso on the degree of mixing in the process. The reaction rate of
transesterification increases with increasing temperature and mixing degree. The reaction
time of the transesterification reaction conducted a 65°C was optimized with the highest
achievable mixing degree and an excess molar ratio of methanol to oil (10:1) with the
optimal KOH concentration at 1.0 Yoweight by weight of chicken ail.

The result andyzed from %FAME by GC-FID for chicken oil were shown in
Table4.13and Figure 4.17

Table4.13 The amount gfrézetion time converts CK as methyl ester via
base-catal yzed process Compositions of fatty acidsin chicken oil
(KOH 1.0%wt., CK:MeOH ratio of 1:10 and temperature of 65°C)

Time (min) . | ~ %FAME

T4 2088
3 ), 4223
5 | . 4445
10 7674
20 81.89
30 91.98
40 92.01
50 92.01
60 92.01
70 901

From the table 4.13, the high FAME was obtained with 50 minutes as
92.01 %FAME
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Figure 4.23 %FAME i ,' s n chi
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Figure 4.23 shov -u-n 5t of

ME vs. reaction time for chicken ail.
The results showed that the reaction was \ in the first few minutes, a product
of more than 76. 4%EAN within the first 10 min. After that, the
reaction slowed dow ‘ o
reached eventually. H
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Table4.14  Theamount of reaction time converts CK to methyl ester via
base-catalyzed process.(K,CO3; 10%wt., CK:MeOH ratio of 1:20 and
temperature of 90°C)

Time (min) %FAME | %Product yield | Density Flash Point

30 - - 0.9149 268
60 - - 0.9134 193
120 89.59 71.40 0.9074 188

180 8051 |11 7385 0.9006 176

240 93.80 9}5 0.8955 168
e -

300 67— ql,74.56""’-' 0.9136 171

From the M the high prodUet.gﬂﬂd and the high FAME was
obtained with 240 minute& 93:80.%FAME and 82.52%product yield.

The repr ' ( f triglyceride was converted into FAME in this

SURRNE iR
AR T I INEA Y

CK : chickenall

1-4: Reaction time (minute) 1=60, 2=120, 3=180 and 4=240
Mobile phase : a mixture of hexane, ethyl acetate (90:10 v/v)
Stationary phase : TLC aluminium sheet, silicagel 60 Fsy

Figure 4.24 TLC result of product composition at different reaction time (minute) (
K2CO3 10%wt., CK:MeOH ratio of 1:20 and temperature of 90°C)
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From the table 4.14, relative reaction time with flash point value is
shown in figure 4.19.

300
A
250
200 A A
A A A
150 -
100 - 2
50
O . T T T
0 30 60 90 120 \ 150 180 210 240 270 300
Reaction time (minutes)
—=o— %FAME A Flash point —s %product yield ‘

:
Figure 4.25 Flash Pointvalue in "bi'pdiesel_i' from chicken oil at different reaction time
(minute) (Reaction time &t 30, 60, 120, 180, 240 and 300 minute)

ol

Fi gur,e;4;19 showed a plot_ 9f, %FAME, _réaction time and flash point

for chicken oil. The- results showed that the reaction wes fast in 120 minutes, a
product of more than.89.59%FAME was formed within the 120 min. After that, the
reaction slowed down andeentered a slow rate stage till the reaction equilibrium was
reached eventually:

As can be observed,sthe flash point was very high,about 268°C at a
reaction,time of 30'min. However, the flash point reduced to 168°%C at a reaction time

of 240 min. The reason for this is that of transesterification was completed at long
duration time of the reaction.
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4.3 Physical and chemical properties of biodiesel from chicken ail

The optima values of these parameters for achieving maximum
conversions of triglycerides to esters depended on the chemica and physica
properties of the biodiesel from chicken ail.

Additionally, the methyl ester was confirmed by analysis of *H NMR
was 99.59% conversion when used KOH as shown in Figures 4.20

e

362 L
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Py T s
|96 L

1 e O
50 { bl o
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i
‘ T{

10.0 5.0 1 2

ppm (f1}

Figure 4.26 *H NMRspectrum of:biodiesel from-chicken:oil (KOH 1.0%wt,
CK:MeOH ratio of 110, temperature of 65°C and reaction time of 50 minutes)

29.61'x2
19.82x 3

% conversion

(D)

% conversion 99.59 (2
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The physical properties of biodiesel were determined as shown in

Table 4.15.

Table4.15
production (NaOH, KOH and K,CO3 catalyst).

The physical properties of CK and the base-catalyst of biodiesel

Property CK NaOH KOH K2COs3
Flash point (C) >200(268) 165 162 168
Pour point (C) 3 3 3 3
Cloud point (C) 9 6 6 9
Specific gravity 0.9340 0.8456 0.8447 0.8955
Viscosity (cSt at 40C) 5.0840 4.5650 45787 4.5882
Distillation (C) IBP ;230, IBP=189, | IBP=178, | IBP =200,
50% =338 | 50% =331 | 50% =334 | 50% =352
Sulphur (Wt96) ; o.oo:c}, P 0.000 0.000 0.000
Cetane Index 3578, 54.8 52.4 48.2
Cetane Number ? J,_ - 54.8 52.6 49.4
Fatty acid Methyl Ester contentf- - - }» 98.35 98.27 93.80
(Yowt) _ =
Free glycerol content (%owt) -~ - = | 0.047 0.005 0.002
Total glycerol corttent(Yowt)———~—— 0.066 7 | 0.059 0.011
Monoglyceride content (Yowt) - 0.022 0.198 0.311
Diglyceride content (%owt) - 0.080 0.004 1.053
Triglyceridecontent(%owt) £ 0.00 0.024 1.476
Methanol content (%owt) - 0.01 0.00 0.00
% Product yield y 93.58 99.02 82.52
% Conversion . 98.74 99.59 97.47

Using KOH as catalyst, the product yield, FAME and conversion was
obtained in the highest percentage with 98.27%, 99.02% and 99.59%, respectively.
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The cetane number ratings of biodiesel from chicken oil was higher than
the minimum of 51 for automotive diesel fuels in Thailand. (Diesel and biodiesel
specification of Thailand shown in Appendix C) Cetane number increases with chain
length, decreases with number of double bonds, and decreases as double bounds and
carbonyl groups move toward the center of the chain.

Didtillation of biodiesel from chicken oil is shown in Figure 4.18. The
initial boiling point of the biodiesel (IBP) from NaOH catalyst was 189°C, KOH
catalyst was 170°C, K,COs catalyst was 200°C and diesel B5 was 192°C.

The 50% recovery of biodieselfrom chicken oil was higher than diesel
B5 because the double bond of unsaturated-of-akyl chains could polymerized at high
temperatures. And data distillaiion of biodiesel from chicken ail is shown in Figures
4.27.

Temperature (C)

100 = T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100

% Recoverny

| - NaOH ——KOH —A—K2C03 ——B5 |

Figure 4.27 Distillation of biodiesel from chicken oil and diesel BS
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Free and Tota glycerol content (%wt) and mono-, di-, triglyceride
content (%owt) determined by GC-FID (EN14105) is shown in Figure 4.28.

B

lein

250 —

200 —

Etd1

150 —

100 —

50—

_&wcerol

T T
20 <0

I N& |
Figure 4.28 GC-FID chioma [ bic f chicken oil (Method EN14105)

Methanol conteft (% mined by GC-FID (EN14110) is shown in
Figure 4.29. =

. Audane

- ARIAINT 13t
!

Figure 4.29 GC-FID chromatogram of biodiesel from chicken oil (Method EN14110)



" CHAPTER YV

CONCLUSION AND SUGGESTION

5.1 Conclusion

Biodiesel production from a by-products of chicken essence soup

manufacturing via alkaline-catalyzed esterification using sodium hydroxide,

/ atalyst. To optimize the reaction
a anol to chicken oil, reaction

potassium hydroxide and potassi
condition, the amount of ¢ : ar r.
temperature and reaction vestigated. The chemical and physical

properties of biodiesel pr - ion, such as density, flash
W)

> trans

point, cloud point, pour \}\\\’\ ctane number, cetane index,
%sulphur, ester content, ; ntent were measured. The
results showed that KO [ are suitable cata or biodiesel production and
the biodiesel with best pr ield and quality w -.,,- ed at a 10:1 molar ratio of
',ei of the biodiesel produced under
acid methyl ester (FAME).

atéd that the use of chicken

5.2 Suggestion [

rorof A LA WA 00 e

measures, long-term run and wear® analysis ofbiodiesel-fueledsengine is also

o] WIANTIIERANTIVIE TR E

methanol to chicken oil, 1. atalyst; reaction temperature
65°C and reaction time 50 mi
optimal condition was 99.02% with 98

Results_0f pre:

oil is very suitable as lew: cost
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APPENDIX A

CALCULATIONS

1. Molecular weight of chicken oil can be calculated in following:
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Molecular weight (approx.) of crude oil = Mg + 3Mac

where Mg : Molecular weight of glycerol moiety = C3HsO3 = 89.07 g/mol
Mac : Molecular weight of acyl moiety of fatty acid
Mera - Molecular weight of fatty acid

OH
@)
o PN
R
O
Glycerol moiety Acyl moiety
where;
Mea = [(Z%Areafrom GC x MW of fatty acids)]

Total %eAreafrom GC

So, Mera = [(0.25x228.38) [+ (22:3452x256.43) + (0.2507x254.41) +...]
. 100.0001

= 266.54 g/mol
and Mac = molecular weight (approx.) of fa_tty éx_:id —weight of -OH
= 266.54 ~17.01 p
= 249.53 g/mol
.. Molecular weight (approx.) of chickenoil = 249.53 x 3
= 748.59 g/mol

The molecular weight of oil methyl ester has been calculated from the
molecular wel ght (approx.) of acyl moiety of fatty acid, that is
MW of methyl ester = Mac + molecular weight of acyl moiety of fatty acid
= 748.59 + 89.07
= 837.66 g/mal
So, Molecular weight of methyl ester of chicken oil
= 837.66 g/mol



2. % Methyl ester content from GC (EN 14103)

82

P = F =k &

by b g 1

e ¢ o %

700 o o | £
b = 1 P
wi [ 1} w 8 0] N
£ £ I £ H
600 = % = * 5 =
T ¥ =l % o oy +
= E 58 = g
Py o g o B —_im I =
500 o T |E-f E|| Ez g=7 et E
= [TR=1 o P oo W ir) =

ford o 5 Ja = o -1
=4 Tk 3 T LR T ] 'g
= g o o il = 2
& AT b= O DwE e .
400 - i o = i ] 9
w dw I R w T 2 2
E |guE o e ElE = I
T bE & w _1,-552 3 E
500 Z Itz 2 E EBE o 8
T |4z 3 8 oM - o
O & S b 'n =
o tel e T o ooy o =]
5 o & T o= ped ;
200 [=] E=] R — o o
E E T 5 b
z |]& D0 B0 B
- 1 '
- ' i 1 e T o
100 4 W =R & = e o
R b = A e &
o us LEs o == = — =
i) A 4 FUIE R PR ;
|
] T T T4 ; T 4 [ T T T T
25 & i 10 125 il 5 175 20 min

Condition KOH1.0%wt, MeQH:CKiratio = 10:1, " Temp. 65°C and Reaction time 60 min

Figure A3 GC chromatogramiof: biediesel from chicken oil

#

%Methyl ester content frem GC can be calculated this equation

EA—A]X Cx V x 100
Ai m

.

Peak area of Internal standard

= 97.75%

C = Concentration of standard
V = Volume of standard
m_ =,Amount of sample
Al =
>A = Tota peak area
=[15769.77 — 2475.1% x 500.29 x 4.5 x 100
2475.10 50 252.51



3. CetaneIndex (ASTM D613)
can be calculated this equation
Cl = 454.74-1641.416 D + 774.74D* — 0.554B + 97.803 (log B)?;
D = density a 15:C, g/mL, determined by
Test Method D1298
B = mid-boiling temperatureC determined by
Test Method D86

Cl = 45474-1 .74 (0.9335%) — 0.554 238 +
97.803

cl = ' 35 + 552.40

cl = :

4. °API (ASTM D1
can be calcul

‘
’n

f uﬂr‘?ﬂﬁmﬂ@nm

°API = 22.70
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5. % Conversion
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APPENDIX B

Chromatogram of NMR
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pprn (f1)

Figure B.1 *H NMR spectrumof biodiess! ro 1 chicken oil (NaOH 0.8%wt,
# 4T :
MeOH:chicken oil = 18:1, Temp. 55°C and reaction time 40 min)
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FigureB.2 *H NMR spe ...'s'.A.gl‘_ rom chicken oil (NaOH 0.8%wt,
A ] o il

MeOH:chicke d reaction time 50 min)
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FigureB.3 *H NMR/Spectri 24 = 0 hicken oil (K2COs 10%wt,

MeOH:chicken oil'= 20:1; Temp and reaction time 240 min)
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APPENDIX C

Chromatogram of GC
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Environmental Science,Chulalongkorn U.

Data File: c\star\joe\noh1.2  9;20;18 pm.run Operator (Calc): zee
Channel: Front = FID RESULTS Calc Date: 24/09/2008 16:29:21
Sample ID: Nohl.2 Times Calculated: 2 .
Operator (Inj): zee Calculation Method:  c:\labchem07\new method jo-1.2.mth
Injection Date: 22/09/2008 21:20:18 Instrument (Calc); GC3800
Injection Method: c:\labchem07\new method jo-1.2.mth Run Mode: Analysis
Run Time (min): 59.440 Peak Measurement: Peak Area
Workstation: Calculation Type: Percent
Instrument (Inj): GC3800 Calibration Level: N/A
Verification Tolerance: N/A
mVoIts— ::: / E\
75| 1 4
s 8 |
E g
= I TS
LI T
| | o« =
Al LR L -
13 SRR P
40 50
Peak Peak Name Rel Sep. Width Status Group
No Ret Code 12 Codes
Tlme (sec)
1 Cl40 T GA ( 16438 000 BB 4.0 0
2 Cl4:1 = 4515 000 BB 3.9 0
3 C16:0 55,6115 679782 000 BB 4.7 0
4 Unk ' 04 - 000 BV 4.7 0
5 Cl6:1 L ——— = e —— = 40 o T 00 VB 4.1 0
6  Unk N e ; BB 42 0
7 Ins C17:0 6! D 00 BB 47 0
8 C18:0 zssﬁ 000 BV 0.0 0
9 C18:1n9%¢ - 32.8053 40422  -0.044 113566€ 000 VV 5.2 0
10 Ci18:In% 0.5359 40.520 -0.015 18553 000 TS 0.0 0
11 Cl18:2n6c ‘ A5 201224 41.364 Mss 696604 000 VB 4.7 0
12 C18:3 BB 4.5 O
13 Cl18:3n 126 98 VB 4.4 0
14 C20:0 .073 -0 1 3 VP 5.2 0
15 C20:1 0.3530 ‘44 363 -0.031 12222 0 00 P 5.5 0
16 453 5.3 0
qﬁwmniﬁuﬁwmm TR
18 401 00 | 5.8 0
19 Bc22:1 - 0.1174 49241  -0257 4066 © 0.00 BB 11.4 0

Totals 99.9998 -0.810 3461834

Figure C1 GC Chromatogram of biodiesel from chicken oil

(KOH 1.0%wt., MeOH:CK ratio of 10:1, temperature of 65°C and reaction time of 50 minutes)
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Data File: c:\starljoe\noh0.8  2;36;30 pm.run Operator (Calc): zee
Channel: Front = FID RESULTS Calc Date: 22/09/2008 16:07:17
Sample ID: Noh0.8 Times Calculated: 3 :
Operator (Inj): zee Calculation Method:  c:\labchem07\new method jo-1.2.mth
Injection Date: 22/09/2008 14:36:30 3 Instrument (Calc): GC3800
Injection Method: c:\labchem07\new method jo-1.2.mth Run Mode: Analysis
Run Time (min): 59.440 Peak Measurement: Peak Area
Workstation: Calculation Type: Percent
Instrument (Inj): GC3800 Calibration Level: N/A
e : Verification Tolerance: N/A
mVolts i ?
75— 5 ; b3
P
50—
R g‘i g"" g I~
HEE 3o 3
|jes X 2
185 & o
=l 8 4
0 .l..._.._____ S ..,-’l?;l.._..{,i,,u { R __a_ o R Eeftieh
13 il ! E‘
40 !
Peak Peak Name Rel Sep.  Width Group
No Ret Code 172
Time (sec)
1 Cl40 14784 000 BB 4.0 0
2 Cl4:1 4107 000 BB 4.0 0
3 Cl16:0 601807 000 BB 4.7 ¢
4 Unk 9016 _0.00 BV 4.8 0
5 Cl6:1 8 0.00 VB 4.2 0
6 Ins C17:0 0.00 VB 4.6 0
7 CI1%0 0.00 BV 438 0
8 C18:1n9¢ 972 000 VvV 0.0 0
9  Cl8:1n9%¢ " 7 1688 I‘J 000 TS 0.0 0
10 Cl8:2n6c 20.0845 41.358 62458 000 VB 4.6 0
11 Cl18:3n6 02181 41952 6783 0.00 BB 4.6 0
12 Cl8:3n 1.2073  42.640 0.0 VB 4.4 0
5 ol ﬂﬁﬂﬁ 8 X
14 183614535 i 570 5.7 0
15 0.1383 45984  0.052 4301 5.5 ¢
czn 3ms 0.2274 §'46.533  0.406 7072 5.8 0
8.4 0

Qﬁ’l a*\mﬂmwmma d

Figure C2 GC Chromatogram of biodiesel from chicken oil
(NaOH 0.8%wt., MeOH:CK ratio of 10:1, temperature of 55°C and reaction time of 40 minutes)
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Environmental Science,Chulalongkorn U.

Data File: c\starljoe'd. Inoh  7;27;16 pm.run Operator (Calc): zee

Channel: Front = FID RESULTS Calc Date: 19/09/2008 20:54:57

Sample ID: 4.1noh Times Calculated: 6 .
Operator (Inj): zee Calculation Method: c:\labchem07\new method jo-1.2.mth
Injection Date: 19/09/2008 19:27:16 Instrument (Calc): GC3800

Injection Method: ~ ©*\labchem07\new method jo-1.2.mth Run Mode: Analysis

Run Time (min): 59.440 Peak Measurement: Peak Area

Workstation: Calculation Type: Percent

Instrument (Inj): GC3800 Calibration Level: N/A

Verification Tolerance: N/A

mVolts H g
.

(41.326)

CABE (35

s C17.0 (37.798) -

g
; 8
2% 5 5e o &
| Rl
@35 2
o __L-_ Sl R I .":'.’,!. _5 - 8 [ _
.qsl S ) )
40 50
Peak Peak Name Ret r 'c Peak A Rel Sep.  Width Status Group
No Ret Code 112 Codes
: Time (sec)
1 C14:0 S D:3r2s 9 9229 0.00 BB 4.0 0
2 000 2544 0.00 BB 4.0 0
3 Cl6:0 A9INT2, A5 A0 356122 0.00 BB 44 0
4 Unk o T02913° 35981 0.00 BV 48 0
5 Ci6:1 44724 36129 -0008 80« | 000 VB 4.2 0
6 Ins C17:0 —_——— - ——- 0.00 BB 4.5 0
7 C18:0 0.00 BP 4.7 0
8 C18:1n%¢ 58007 0.00 VB 4.8 0
9 CI18:1n9¢ A 3 40.49 | 1 0.00 TS 0.0 0
10 Cl18:2n6c ) 19.3864 41326 0.020 349086 0.00 BB 44 0
11 Cl18:3n6 0.2557  41.9415 #0.188 4605 0.00 BB 5.0 0
12 Un BB 43 o
CEuddvnEReInE E P
14 C20:3 23 BB 57 0
Total

100. ﬂoﬂ} ~ll.399 1800673

ARIANN I UAIINYAY

Figure C3 GC Chromatogram of biodiesel from chicken oil
(K,CO5 10.0%wt., MeOH:CK ratio of 20:1, temperature of 90°C and reaction time of 240 minutes)
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APPENDIX D

Biodieseal specification in Thailand
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W.A. 2550
78077 A SRFIFIAT e T
1 wimampad Foeasineninnin Taignan 96.5 EN 14103
{Methyl Ester, % wt.)
2| Ay o anuvndl 157 ﬁfﬂﬂﬁk’ﬂﬂmﬁﬂ'mm Tsdgnd 860 | ASTM D 1288
{Density at 15°C, WA
Tigandn 200
3 | enuviln o gouvndl 4 //’ Tsidnndn 35 ASTM D 445
{Viscosity at 40 °C,
?anf:i': 50
4 | amiv 120 | ASTMDO3
{Flash Point,
5 | finuzdiu 0.0010 | ASTM D 2622
{Sulphur,
g Moy 0.30 ASTM D 4530
Geunz 10 284nAFi
{Carbon Residue , on 10 % disti s
PrE; .W'M:'e g
7| A L 51 ASTM D 613
{Cetane -:V%
g8 | dingauie !D Foemslnenitun 002 | ASTMDET4
(Sulphated Ash, Yawt.)
5 ﬂ U E]‘ ’J 1 &l&l ifW ) ]ﬂ d oo |eniso s
Water,
L 2
A l"\
10 | EN 12662
ffotal Contaminate, Yowt.)
11 | maianfauuthmeus Ligandy | wnmat 1 | ASTMD 130
(Copper Strip Corrosion)
12 | whaenwdennfisd i Tl Taiganan 8 EN 14112

senfiledy o ansni10 esmaaden

{Oxidaticn Stability at 100°C,  hours)

(Fe-2-)




EuiH derimua Sz TEnasau ™

13| frenudiungs saaniuiUimTenlanseniadnin | Tigands 0.50 ASTM D 664
(Acid Valus | mg KOH/g)

14| Alalafu nsulalemy 100 nfi | aiigann 120 | EN 14111
(lodine Vaiue | g lodine / 100 g)

15 | nesRlwalinufianamef fapazlneinin Ligandr 120 | EN 14103
(Linolenic Acid Msthyl Ester %

16 | wmiuaa Ligandn 0.20 | EN 14110
(Methanol,

17 | Wiunfaalss 080 | EN 14105
(Monoghycende

12 | lenRuelsd 020 | EN14108
(Diglyceride ,

18 | lesnRumelsd 020 | EN 14105
(Trigiycerids |,

20 | nfediuline: 0.02 EN 14105
(Free glycerin,

21 | nfumeRuiains 0.25 EN 14105
(Total ghycerin g

2z | Tavenau 1 {hsﬁﬂ 5.0 EN 14108 u&z
(Group | metals { mglg) EM 14109
Tavzngu 2 maﬁﬂuu‘*ﬂulﬁﬂu} iiafanfa/nlassy igandn 5.0 pr EN 14538

[~

(o %%’% eI WET

23 ‘ﬂﬂﬁ‘ﬂﬂﬁ‘ﬁ éasrﬁ:fmmmm ligendr | Q0910 | ASTM D 4951

TRIRINIUNN NG 1A e

24 ':muum (8 Wil puflEsuamudhuseusina iy

(Additive) ATNGINANANU
yurEwE 1 SEnameustaliiiiuffeunn Al wlunsiR it lAud iR s luneas B auus et

——
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