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              The purpose of this research is to synthesize pour point depressants (PPDs) 

from dicarboxylic acids for improving cold flow properties of soybean methyl ester 

(SME) and palm methyl ester (PME). The 16 types of PPDs (dimethyl succinate 

(DMS), dimethyl adipate (DMAD), dimethyl azelate (DMAZ), dimethyl phthalate 

(DMP), diisopropyl succinate (DIS), diisopropyl adipate (DIAD), diisopropyl 

azelate (DIAZ), diisopropyl phthalate (DIP), di 2-butyl succinate (DBS), di 2-butyl 

adipate (DBAD), di 2-butyl azelate (DBAZ), di 2-butyl phthalate (DBP), di 2-ethyl 

hexyl succinate (DES), di 2-ethyl hexyl adipate (DEAD), di 2-ethyl hexyl azelate 

(DEAZ) and di 2-ethyl hexyl phthalate (DEP)) were synthesized by esterification 

reaction. Their structures were characterized by FT-IR and 1H-NMR techniques. The 

cloud point (CP) and pour point (PP) of SME and PME were improved by addition 

of PPDs at 10,000, 100,000, and 300,000 ppm. At 300,000 ppm, could point and 

pour point of both biodiesels were reduced in the range of 2.70±1.0 C to 6.00±1.0 

C and 2.00±1.0 C to 6.00±1.0 C. 2-Butyl esters gave good results on improving 

flow property of both SME and PME. Moreover, the results indicated that DBAZ 

was the most effective when compared with other PPDs, due to branch substituent              

(2-butyl) in its structure. At 300,000 ppm of DBAZ, the CP and PP of SME were 

reduced by 5.15±1.0 °C and 5.40±1.0 °C while the CP and PP of PME were reduced 

6.00 ±1.0 °C in both CP and PP. 
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CHAPTER I 

 

INTRODUCTION 

 
Numerous researches on renewable energy sources have become crucial due to 

the decreasing of fuel and increased pollution from burning of fossil fuel. Among all 

renewable and alternative energies, biodiesel fuel is one of the most representative 

fuels. Biodiesel normally referred to fatty acid methyl ester (FAME). Common 

vegetable oils and animal fats as well as used frying oils and fats can be transesterified 

with anhydrous alcohol, especially methanol in the presence of an alkali catalyst to 

produce biodiesel [1, 2]. The advantages of using biodiesel include that it is 

biodegradable and it can be used without modifying existing engines helping to 

produce less harmful gas emissions such as sulfur oxide, resulting in toxicity 

reduction and environmental friendly. However, one major technical problem 

confronting the use of biodiesel fuel is its poor cold flow properties in comparison 

with fossil-based diesel fuel [3]. The crystallization temperature of biodiesel fuel is 

generally higher than that of fossil-based diesel fuel, so the formation of crystals                

at relatively high temperatures can plug fuel lines and filters, causing problems in fuel 

pumping and engine performance during cold temperature operation. The biodiesel             

is composed of both saturated fatty acid and unsaturated fatty acid. Some previous 

researches have reported that biodiesel with significant amount of saturated fatty acid 

compounds will display higher cloud point (CP) and pour point (PP) [4]. The CP              

is defined as the temperature at which a cloud of wax crystals first appear in a liquid. 

The PP is defined as the temperature at which the fuel can no longer be poured due to 

gel formation. For example, the reported CP and PP of palm oil methyl ester (PME) 

were 21 and 19 °C respectively because palm oil consists of mainly saturated fatty 

acid especially 63.1% of palmitic acid. While the values for soybean oil methyl ester 

(SME) reported CP and PP were 0 and -2°C respectively due to soybean oil consists 

of mainly unsaturated fatty acid particularly 52.8% of linoleic acid. Several 

approaches have been attempted to improve cold-flow properties of biodiesel such as 
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winterization process, blending biodiesel with fossil diesel fuel, preparation of fatty 

esters with branched chain and using of additive. The uses of additives in biodiesel 

are an interesting solution with simple, economical and variable methods.                       

The additive was called Pour Point Depressants (PPDs) [5]. PPDs should be soluble in 

oil with an ability to co-crystallize in the growing wax crystals from the oil below its 

cloud point [5]. 

Therefore, the purpose of this research is to synthesize PPDs from 

dicarboxylic acid. The dicarboxylic acid is selected because its structure consists of 

polar and nonpolar parts which similar to the main structure of biodiesel. Thus, 

dicarboxylic acid ester should be soluble in biodiesel. We expect that the molecular 

structure of dicarboxylic acid ester will interact with biodiesel yielding the biodiesel 

crystallinity reduction.   

 

1.1 Objectives of the research: 

  

1. To synthesize pour point dispersant (PPDs) from dicarboxylic acid. 

2. To improve the cold flow property of soybean and palm biodiesel by 

dicarboxylic acid ester. 

 

 

 

 

 

 

 

 

 

 



CHAPTER II 

 

THEORY AND LITERATURE REVIEWS 

  
2.1 Background 

 

The world is gradually heading toward severe energy crisis due to limited 

availability of fossil fuels, such as petroleum oil, natural gas and coal. Fossil oils are 

fuels which come from pristine animals and microorganisms. The formation of fossil 

oils require millions of years. These fossil fuels are classified as nonrenewable energy 

resources that cannot be replaced in a relatively short time after being utilized. 

However, people are still heavily dependent on fossil fuels for transportation, 

electricity generation and development. The major reason that caused the fast 

diminishing of energy resources is due to rapid population and industrialization 

growth globally. Moreover, combustion of fossil fuels contributes most to emissions 

of greenhouse gases, which lead to atmospheric pollution and global warming. 

Therefore, the search of an alternative and renewable energy source has emerged as 

one of the key challenges in this century in order to protect the environment and 

creating a sustainable world for future generation [6].  

There are a lot of renewable energy sources that have been explored such as 

solar, hydropower, wind, wave, geothermal and nuclear energy. However, most of 

these energy are not economically feasible because the requirement of high capital 

and operating cost that has limited its usage in many countries over the world. 

Recently, biodiesel become as hope in the field of renewable energy because it has 

close similarity with conventional fossil diesel in terms of chemical structure and 

energy content. Moreover, modification of a diesel engine is not necessary that 

biodiesel is compatible with existing engine and can be blended direct with diesel 

fuel. Biodiesel is a promising nontoxic and biodegradable renewable fuel consisted of 

mono-alkyl esters of long chain fatty acids, which is produced by transesterification 

reaction of vegetable oils with short-chain alcohols (e.g., methanol, ethanol). 
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Biodiesel can be produced from a great variety of feedstock. These feed-stocks 

include common vegetable oils (e.g., soybean, palm, rapeseed/canola, sunflower and 

coconut) and animal fats (usually tallow) as well as waste oils (e.g., used frying oils) 

[7]. 

 Although biodiesel has many advantages, one of the major disadvantage of 

biodiesel is the cold-flow properties of biodiesel may hinder its performance during 

cold weather. At low temperature, long chain saturated fatty acid in biodiesel nucleate 

and form crystals in the fuel. The crystals grow and agglomerate in size; it can restrict 

or block flow through fuel lines and filters. This is a challenge problem that must be 

resolved [8].  

 

2.2 Sources of biodiesel [9] 

 

Globally, there are more than 350 oil-bearing crops identified as potential 

sources for biodiesel production, soybean, rapeseed, sunflower and palm oils are 

among the common vegetable oils that are used in biodiesel production. The variety 

of feedstock for biodiesel production represents one of the most significant factors of 

producing biodiesel. The feedstock should fulfill two main requirements: low 

production costs and large production scale. The availability of feedstock for 

producing biodiesel depends on the regional climate, geographical locations, local soil 

conditions and agricultural practices of each country (Figure 2.1). Selecting the 

cheapest feedstock is necessary to ensure low production cost of biodiesel. Another 

factor to consider any feedstock as a biodiesel source, the oil percentage and the yield 

per unit area are important parameters. The problem of using feedstock, more than 

95% of the world biodiesel is produced from edible oils such as rapeseed, sunflower 

oil, palm oil and soybean oil. Therefore, biodiesel production has shifted to other 

alternative feedstock such as waste frying oil (WFO) and nonedible oil (e.g., jatropha 

curcas, karanja and microalgae). Nevertheless, the use of WFO and nonedible oil also 

has a problem due to high free fatty acid (FFA) content that complicates in biodiesel 

processing steps. 
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Figure 2.1 Source of biodiesel around the word. 

 

2.3 Triglyceride 

 
Nearly all the commercially important fats and oils of animal and plant origin 

consist almost exclusively of the simple lipid class - triglyceride. The structure of 

triglyceride was shown in Figure 2.1.  These include all the vegetable oils and animal 

fats. Triglycerides are made up of long chain fatty acids attached to glycerol, which is 

a type of alcohol. Each triglyceride contains one glycerol and three long chain fatty 

acids that there are many kinds of free fatty acid (R’, R’’ and R’’’). The common fatty 

acid was shown in Table 2.1.  

 

H2C
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 Figure 2.2 Structure of a triglyceride. 
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In the Table 2.1, the chains of fatty acid differ in the number of carbon atoms and the  

number of double bonds in the chain. These double bonds show an important part in 

the stability of biodiesel. Biodiesel is not hydrocarbons because oxygen atoms are 

present in its structure while petro-diesel is true hydrocarbons, made up only of 

molecules of hydrogen and carbon. 

 

Table 2.1 The common fatty acids in triglyceride. [10] 

 
 
 The physical and chemical fuel properties of biodiesel commonly depend on 

the fatty acids distribution of the triglyceride used in the production. The fatty acid 

distributions of some feedstock for biodiesel production were shown in Table 2.2. 

 
Table 2.2 Chemical composition of vegetable oils. [9] 
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Some properties of vegetable oil were shown in Table 2.3. The kinematics 

viscosity of vegetable oils varies in the range of 31–40 cSt. These oils have high 

viscosity due to large molecular weight and complex chemical structure of vegetable 

oil. 

 

Table 2.3 Some properties of vegetable oil. [11] 
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The problems associated with using straight vegetable oil in diesel engines 

were classified into short term and long term. The problems, probable causes and the 

potential solutions of using vegetable oil were shown in Table 2.4. The major 

problems of using direct vegetable were high viscosity, low volatility, acid 

composition, gum formation due to oxidation and polymerization during storage and 

combustion, poor cold engine start-up, ignition delay, incomplete combustion, ring 

sticking, injector choking in engine and lubricating oil thickening. Therefore the 

chemical modification of vegetable oil was essential for using in diesel engine. 

 

Table 2.4  Problems, probable cause and potential solutions for using straight  

  vegetable oil in diesel engines. [12] 
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2.4 Biodiesel production [13, 14] 

 

Vegetable oils are unsuitable as fuel for diesel engine. Considerable efforts 

have been made to develop vegetable oil for it had properties and performance like 

diesel fuels. The problem with using triglycerides for diesel fuel is mostly associated 

with high viscosity, low volatility and polyunsaturated characters. So the chemical 

structures of vegetable oil must be modified. Production of biodiesel can be 

performed at least four ways: 

 
-  Direct use and blending (dilution) 

-  Micro-emulsion 

-  Pyrolysis (Thermal cracking) 

-  Transesterification 
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2.4.1 Direct use and blending [15] 

 

 The vegetable oil is diluted with fossil fuel to run the engine. In 1980, 

Caterpillar Brazil used the mixture of 10% vegetable oil to maintain total power 

without any alteration or adjustment to the engine. At that point it was not practical to 

substitute 100% vegetable oil for diesel fuel. This experiment used up to a 50% of 

vegetable oil with diesel fuel. When blending of 20% vegetable oil and 80% diesel 

fuel was successful. The lower viscosity is good for performance of engine that 

viscosity can reduced when the percentage of diesel increased. Direct use of vegetable 

oils or the use of blends of the oils has normally been considered to be not satisfactory 

and impractical for both direct and indirect diesel engines. The problems of this 

method are still high viscosity, low volatility, reactivity of unsaturated hydrocarbon 

chains and low cetane number.    

 

2.4.2 Micro-emulsions [13, 16] 

   

A micro emulsion is define as a colloidal equilibrium dispersion of optically 

isotropic fluid microstructure with dimensions generally in the range of 1–150, 

formed spontaneously from two normally immiscible liquids. Micro-emulsion is 

method to solve the problem of the high viscosity of vegetable oils by blending oils 

with solvents such as simple alcohols e.g., methanol, ethanol and 1-butanol. In 2001,             

Ali studies on the use of hybrid fuels, formed by ethanol with soybean oil. These 

emulsions were evaluated by burning in a diesel engine. The fuels performed nearly 

as well as diesel, but lower cetane numbers and less energy content. However, the 

hybrid fuels are too expensive to compete with diesel fuel. The advantage of this 

method gives spray patterns during combustion better than diesel. 

 
2.4.3 Pyrolysis [13,15] 

 

Pyrolysis is a process of conversion of substance into another by heating in the 

absence of air or oxygen and cleavage of chemical bonds to yield small molecule with 

the help of the catalyst. Many researchers have studied the pyrolysis of triglycerides 
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to obtain products suitable for diesel engines. Thermal decomposition or pyrolysis of 

triglycerides produces the compounds such as alkanes, alkenes, alkynes and 

carboxylic acids. The products from this method are chemically similar to petroleum-

derived gasoline and diesel fuel, but pyrolysis process is high cost.  

 

2.4.4 Transesterification [17, 18, 19, 20] 

  

   Transesterification (also called alcoholysis) is the most general process 

to produce biodiesel. Transesterification is the reaction of triglyceride in animal fat or 

vegetable oil with an alcohol to form fatty acid mono alkyl esters and glycerol as by 

product. A catalyst is usually used to improve the reaction rate and percentage yield. 

Alcohol that can be used in the transesterification process are methanol, ethanol, 

propanol, and butanol. Methanol and ethanol are used most frequently, especially 

methanol because it low cost and its physical and chemical advantages (polar and 

shortest chain alcohol) result in it can quickly react with triglycerides. Commonly, the 

relation between alcohol and oil is 3:1 but excess alcohol is used to push the 

equilibrium toward the product because of reversible nature of reaction. 

Transesterification is the most viable process for reduce viscosity of oils.                         

The simplified form of transesterification reaction is represented in Figure 2.3. 

  

Figure 2.3 Transesterification of vegetable oils. 
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  2.4.4.1 Transesterifcation kinetics and mechanism 

          

The mechanism of transesterification is described in Figure 2.4. The first step 

is the conversion of triglycerides to diglycerides followed by the conversion of 

diglycerides to monoglycerides and the conversion of monoglycerides to glycerol 

yielding one alkyl ester molecule in each step. The step wise reactions are reversible 

and excess of alcohol is used to shift the equilibrium towards the formation of methyl 

esters. In presence of excess alcohol, the foreword reaction is pseudo-first order while 

the reverse reaction is found to be second order. The catalyst of transesterification 

reaction can be both homogeneous such as acids, alkalis, enzymes, non-ionic base and 

heterogeneous catalysts. In addition, noncatalytic process has been interested and it 

was developed to transesterification without using catalyst. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4 Transsesterification reaction step. 
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2.5 Type of catalysts in transesterification 

 

2.5.1 Acid-catalyzed processes [21] 

  

 Acids are used for transesterification reaction in biodiesel production. Sulfuric 

acid, sulfonic acids, and hydrochloric acids are the usual acid catalysts but the most 

commonly used sulfuric acid. The advantages of using acid-catalyzed are insensitive 

to the presence of free fatty acid in vegetable oil or animal fat and it can catalyze 

esterification and transesterification simultaneously. However, acid-catalyzed system 

is not a popular for commercial applications because slower reaction rate, requirement 

of high  reaction  temperature,  high  molar  ratio  of  alcohol  to oil, separation  of  the  

catalyst, and  corrosion related problem. 

 

 The steps involved during acid-catalyzed transesterification are shown in 

Figure 2.5. The carbonyl group of the ester is protonated by proton of acid lead to the 

carbocation, which after a nucleophilic attack of the alcohol produces a tetrahedral 

intermediate. This intermediate eliminates glycerol to form a new ester and to 

regenerate the catalyst. Acid-catalyzed transesterification should be carried out in the 

absence of water, in order to avoid the competitive formation of carboxylic acids 

which reduce the yields of alkyl esters. 
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Figure 2.5 Mechanism of acid-catalyzed transesterification. 

 

2.5.2 Alkaline-catalyzed processes [21] 

 

Most of the commercial biodiesel is produced from oils using very 

effective alkali catalysts such as sodium or potassium hydroxides, carbonates or 

alkoxides. Application of alkali-catalyzed transesterification reaction provides faster 

rate, nearly 4000 times faster than that is catalyzed by the same amount of an acid 

catalyst and good corrosion resistance properties than acid catalyst. However, the 

alkali catalyzing process is very sensitive to the presence of water and free fatty acids 

in feedstock. When feedstocks have a high percentage of free fatty acids, the alkali 

catalyst will react with the free fatty acids to form soaps. The water in feedstock can 
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hydrolyze the triglycerides into diglycerides and form more free fatty acids. Both of 

the reactions are reduce the yield of the biodiesel product. Moreover, the alkali 

catalysts need to neutralized, giving rise to wastewater and glycerol is obtained as an 

aqueous solution of relatively low purity. 

 

The mechanism of alkali-catalyzed transesterification is described in 

Figure 2.6. The alkoxide ion is created initially and directly acts as a strong 

nucleophile, after that alkoxide ion attack on the carbonyl carbon of triglyceride to 

form a tetrahedral intermediate and then the rearrangement of the tetrahedral 

intermediate gives fatty acid ester and diglyceride.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6 Mechanism of alkaline-catalyzed transesterification. 
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2.5.3 Enzyme-catalyzed processes [22] 

 

Enzymatic transesterification is interesting process due to the problem 

from using chemical transesterification. A lot of wastewater generation and difficulty 

in glycerol recovery are problems that eventually increase the overall biodiesel 

production cost and being not environmentally friendly. In contrast, enzyme catalysis 

process without the generation of by-products, easy recovery of product, mild reaction 

condition, insensitive to high free fatty acid of oil and catalyst can be reuse.  

 

Lipase has been discovered that it can be used as catalyst for 

tranesterification and esterification due to its biocompatibility, biodegradability and 

environmental acceptability of the biotechnical procedure. However, enzyme-

catalyzed still  has  disadvantage such  as  high  cost  of  enzyme,  slow  reaction  rate  

and  enzyme deactivation. 

 

2.5.4 Heterogeneously catalyzed processes [21] 

 

The advantages of using heterogeneous catalyst are fast and easy 

separation from the reaction mixture without requiring the use of neutralization agent 

and do not formation soaps. Moreover heterogeneous catalyst can be regenerated and 

reused, and it has a less corrosive character, leading to safer, cheaper and more 

environment-friendly operation. Therefore, there is an increasing interest in the 

possibility of replacing the homogeneous catalyst by heterogeneous solid catalysts. 

The examples for heterogeneous catalysts are alkali earth or transition metal oxides 

such as CaO, MgO, BaO and ZnO/Al2O3,  alkaline metal oxides supported on zeolites 

and MCM-41, ion exchange resins such as clay minerals with acidic reaction sites and 

sulfated metal oxides such as ferric sulfate (Fe2(SO4)3).  

Nevertheless it also has several drawbacks because it requires high 

temperatures and high pressures in the reaction, using solid support tend to show less 

activity than the active species in solution and leaching of catalyst active sites may 

result to product contamination. 
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2.5.5 Noncatalytic transesterification processes [23, 24, 25] 

 

Transesterification in supercritical reaction conditions is used for 

catalyst-free biodiesel synthesis. In this condition, the solution between methanol and 

oil becomes a single homogeneous phase. Seeing that its nature, hydrophobic with a 

lower dielectric constant of supercritical alcohol resulting in non-polar triglycerides 

can be well solvated with supercritical methanol to form single phase oil to methanol 

mixture. It accelerates the reaction because there is no interphase mass transfer to 

limit the reaction rate. The non-catalytic supercritical process has environmental 

advantages due to there is no waste generated as a result of catalyst treatment and 

separation from the final product. Furthermore, this method requires no pretreatment 

of the feedstock because impurities do not strongly affect the reaction. When water 

and free fatty acid are present, transesterification, triglyceride hydrolysis and alkyl 

esterification of fatty acids occur simultaneously. Alkyl esterification is faster than 

transesterification and ensures that all free fatty acid feedstock are completely 

transformed into fatty acid alkyl esters. The separation of the biodiesel product and 

glycerol by product is simple because the products are not miscible in biodiesel. In 

addition, in this non-catalyzed process, there is no soap formation. However, high 

temperature, high pressure and high alcohol to oil ratio are required in this process. 

 

2.6 Biodiesel quality 

  

 Biodiesel is a technologically possible alternative to fossil diesel. Table 

2.5 shows the fuel ASTM standards of biodiesel and petroleum diesel fuels.                   

The characteristics of biodiesel are close to petroleum diesel.  

  The standard of biodiesel in Thailand is described the minimum 

requirements for biodiesel. Table 2.6 shows characteristics and quality of biodiesel in 

Thailand. 
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Table 2.5 Comparison of fuel properties between diesel and biodiesel. [26, 27, 

  28, 29] 

 

 
*The SL-BOCLE was developed by modifying the existing instrument (BOCLE) at SWI that 

had been used to measure the lubricity of jet fuel. 
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Table 2.6 Characteristic and quality of biodiesel in Thailand. [30] 
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2.7 Cold flow property [10, 31, 32, 33] 

 

Although most of the properties of biodiesel fuels are compared with diesel 

fuel but the flow properties of a biodiesel are very poor. Cold flow properties of fuel 

are usually characterized by the following four temperature measures. 

 

1. Cloud point (CP)  

 The  cloud  point,  which  commonly  occurs at  a  higher  temperature  than  

the  pour  point. Could point is the temperature at which liquid oil becomes cloudy or 

the first wax crystal is appeared in oil. The standard method to test cloud point of 

petroleum products is ASTM D2500. 

 

2. Pour point (PP)        

 Pour point is the temperature at which the amount of wax out of solution is 

sufficient to fuel oil become gel, so it is the lowest temperature at which the fuel can 

flow. The standard method to test pour point of petroleum products is ASTM D97. 

 

3. Cold filter plugging point (CFPP)  

       Cold filter plugging point (CFPP) refers to the temperature that the test 

filter starts to plug due to fuel components have started to gel or crystallize. The 

standard method to test cold filter plugging point of petroleum products is           

ASTM 6371. 

 

4. Low temperature flow test (LTFT)  

       The low temperature flow test (LTFT) is a minimum temperature, at which 

40 mL of oil safely passes through the filter within 60 s. The standard method to test 

low temperature flow of petroleum products is ASTM D4539-03. 

 

 

 



 21 

     The cold flow properties of biodiesel must be evaluated before they will be 

viable as alternative diesel fuel. The cold-flow properties of biodiesel may hinder its 

performance during cold weather. So there are many approaches for improving               

the cold-flow properties of biodiesel such as blending of biodiesel with conventional 

diesel fuel, winterization, preparation of biodiesel with branched/bulky in the chain 

and using of chemical additives. 

 

2.7.1 The improvement of cold flow property [2, 11, 34] 

 

1. Blending of biodiesel with conventional diesel fuel 

       

        Blending the biodiesel with petroleum diesel will reduce the 

fraction of saturated long-chain methyl esters in the mixture, which is reflected in 

improved low temperature characteristics of the fuel. This method is the simplest way. 

 

2. Winterization 

 

        Winterization is used to reduce cold flow properties of biodiesel by 

removing saturated compound. Winterization is a method for separating of saturated 

fraction in oils with a solidification temperature. However, the problem of this process 

is low yield due to large blockage of crystals with the liquid. 

 

3. Preparation of fatty esters with branched /bulky in the chain 

 

       The other possibility of improving cold flow properties of biodiesel 

is the synthesis, which branch chain such as i-propyl, i-butyl and 2-butyl instead of 

the methyl and synthesis of biodiesel with bulky substituent into the chain. A 

hypothesis exists that the branched chain and bulky substituent disrupts the regularity 

during the solid phase formation and the orientation in one direction. 
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4. Use of chemical additives 

  

        Treatment  with  chemical  additives  is  the  most  convenient  and  

economical  way  of  improving  the  low temperature  properties  of fuel. When 

adding chemical additives, cloud point and pour point of fuels should be reduced.  

This technology is also very interesting in the biodiesel industry when compare with 

other methods. 

 

2.8 Pour Point Depressants (PPDs) [5, 34] 

 

 The chemical additives for improving cold flow properties of biodiesel are 

called pour point depressants. The molecules of additives should be soluble in oil and 

contain with function groups, which prevent the crystal growth and agglomeration. 

The advantages of adding pour point depressant are simplicity and economy.  

 Figure 2.7 shows the major structure of pour point depressant; PPDs consist of 

two parts which are polar part and paraffin like part (non-polar part). Commonly, at or 

below the cloud point, the paraffin like part of pendant chains of the PPDs creates 

nucleation site and co-crystallizes with wax crystals, while the polar part of PPDs 

creates a barrier to the formation of interlocking wax network. Therefore PPDS can be 

prevented the crystal growth and agglomeration of wax crystal in oil result in a 

reduced cloud point and pour point.  

 

 

 

 

 

 

 

 

 

 

Figure 2.7 Characteristic structure of the general PPDs polymer additive. 
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2.9 Literature reviews 

  

 In 2006, Meher et al. [35] studied the transesterification for producing 

biodiesel from Karanja seeds by using potassium hydroxide as catalysts. The result 

showed that concentration of catalyst, molar ratio of the oil to alcohol, reaction time 

and reaction temperature had an effect to the transesterification reaction. The 

maximum yield of methyl ester was 97-98%, with 1:6 molar ratio of methanol: oil,               

1 %wt of potassium hydroxide, 2 h and 65°C. 

 

 In 2007, Sern et al. [36] studied the effect of polymers and surfactants for 

improving the cold flow properties of palm oil methyl ester that the 12 type of 

compounds are various polarities, molecular size and structure. The results showed 

that seven out of the twelve polymeric compounds tested were miscible in palm oil 

methyl esters due to similar polarities of the compounds and biodiesel. From all 

compounds, poly (maleic anhydride-alt-1-octadecene) gave the best result. The pour 

point of palm oil methyl ester was reduced from 12 °C to 6 °C when 2 %wt of 

compound was added. The cloud point was reduced from 12.9 °C to 8.1 °C, and the 

cold filter plugging point was reduced from 12°C -7 °C. 

 

 In 2007, Soldi et al. [37] studied the synthesis of methacrylate copolymer for 

reducing the pour point of diesel oil. First step alkyl methacrylate monomer was 

synthesized by transesterification of methyl methacrylate with C14, C16 and C18 fatty 

alcohol. Next, the copolymerization of these monomers with methyl methacrylate was 

performed, with molar ratios of 30:70, 50:50 and 70:30 for alkyl methacrylate: methyl 

methacrylate. 70% of octadecyl methacrylate with 30% of methyl methacrylate was 

shown the best performance. The pour point of diesel oil could be reduced 22 °C. 
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 In 2009, Al-Sabagh et al. [38] studied synthesis of pour point depressants from 

styrene-maleic anhydride copolymer by reacted with alcohol which contain carbon 8, 

12, 16 and 18 atoms to improve pour point of waxy crude oil. The result showed that, 

at 10000 ppm of long-branched chain (C18) gave maximum reduction (27°C to -3°C) 

while short-branched chain (C8) showed minimum reduction (27°C to 6°C).                  

The efficiency of pour point depressant depends on branched chain length of alcohol. 

 

In 2010, Panlek et al. [39] studied improving cold flow properties of biodiesel 

from Irvingia malayana Oliv. ex A. Benn by using four synthesized pour point 

depressants which were methyl laurate, methyl stearate, isopropyl laurate and 

isopropyl stearate. The results showed that isopropyl laurate gave the best efficiency. 

At 500,000 ppm of isopropyl laurate, the cloud point of biodiesel was reduced 8.70 °C 

and the pour point was reduced 9.0 °C. The branched chain of pour point depressant 

could prevent crystallisation. Furthermore, this research used commercial additives 

which were CD017, Zenith, Flozol 2251D, Flozol 112 and kerosene for improving 

cold flow properties of biodiesel. The results showed that kerosene gave the best 

result on reducing CP and PP of biodiesel. 

 

In 2011, Joshi et al. [40] studied the effect of ethyl levulinate on cold flow 

properties of biodiesel from cottonseed oil and poultry fats. Both of biodiesesl were 

extremely poor low flow properties due to their high saturated fatty acid content. The 

could point and pour point of both biodiesel were decreased when the concentration 

of ethyl levulinate was increased, reductions of 4-5 °C in could point and 3-4 °C in 

pour point were observed at 20 vol % of ethyl levulinate. This may attribute to the 

low freezing point of ethyl levulinate (-79 °C), which was much lower than the CP 

values observed from cottonseed oil methyl ester (5 °C) and poultry fat methyl ester 

(8 °C). 

 

 

 



CHAPTER III 

 
EXPERIMENTAL 

 
3.1  Materials and equipments 

 

 3.1.1 Raw materials  

 

1.     Cooking soybean oil  

2.   Palm biodiesel was obtained from Verasuwan CO., 

       Ltd. 

 

 3.1.2 Chemicals 

 

1. Adipic acid: analytical grade; Sigma-Aldrich 

2. Azelaic acid: analytical grade; Sigma-Aldrich 

3. 2-Butanaol: analytical grade; Merck 

4. Chloroform-D: NMR spectroscopy grade; Merck 

5. Cyclohexane: analytical grade; Merck 

6. Dodecanoic acid: analytical grade; Sigma-Aldrich 

7. Ethanol: analytical grade; Merck 

8. Ethyl acetate: analytical grade; Lab-Scan 

9. 2-Ethyl-1-hexanol: analytical grade; Merck 

10. Heptane: analytical grade; Merck 

11. Hexane: analytical grade; Lab-Scan 

12. Methanol: analytical grade; Merck 

13. Methyl heptadecanoate: analytical grade; Fluka  

14. Phthalic acid: analytical grade; Sigma-Aldrich 

15. phenolphthalein indicator: analytical grade; Merck 

16. potassium permanganate: analytical grade; Lab-Scan 

17. Potassium hydroxide: analytical grade; Lab-Scan 
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18. 2-Propanol: analytical grade; Merck 

19. Sodium hydrogen carbonate: analytical grade; Merck 

20. Sodium hydroxide: analytical grade; Sigma-Aldrich 

21. Sodium sulfate: analytical grade; Sigma-Aldrich 

22. Sodium thiosulfate: analytical grade; Lab-Scan 

23. Succinic acid: analytical grade; Sigma-Aldrich 

24. Sulfuric acid: analytical grade; Carlo Erba 

25. Toluene: analytical grade; Merck 

26. Wijs solution: analytical grade; Merck 

 

3.1.3 Equipments 

 

1.   NMR Spectrometer: Mercury (400MHz); Varian 

2.   Cannon Automatic Viscometer: Model CAV-3; Cannon 

 3.   Gas-liquid Chromatography; Model 3800; Varian 

 4.   Fourier-Transform Infrared Spectroscopy: Nicolet 

5.   Rotary evaporator: Model; Buchi 

   6.  Cloud point and pour point apparatus (ASTM D-2500 and 

       ASTM D-97  

 

 

3.2 Procedures 

 

 3.2.1 Synthesis of Pour Point Depressants (PPDs) 

 

  3.2.1.1 Synthesis of dimethyl succinate (DMS), dimethyl adipate 

(DMAD), dimethyl azelate (DMAZ) and dimethyl phthalate (DMP) as PPDs   

 

 The dimethyl ester was synthesized via esterification by using 20:1 

molar ratio of methanol to dicarboxilic acid (succinic acid, adipic acid, azelaic acid 

and phthalic acid) and 2 %wt of sulfuric acid was added. Then, the mixture was 

heated at 65°C and stirring for 10 h. The reaction mixture was subjected to 
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concentrate under reduced pressure. The dimethyl ester was taken into hexane. The 

organic layer extract was washed excessively with saturated sodium bicarbonate 

solution (NaHCO3) and deionize water. Until products had pH value similar to 

deionized water. The organic extract was dried over anhydrous sodium sulfate 

(Na2SO4) and concentrated under vacuum at 60 °C to give the dimethyl succinate 

(DMS), dimethyl adipate (DMAD), dimethyl azelate (DMAZ) and dimethyl phthalate 

(DMP). The products were determined acid value according to ASTM D 974.                  

The percentage conversion and functional group of DMS, DMAD, DMAZ and DMP 

were analyzed by 1H-NMR and FTIR. Then the product yield of DMS, DMAD, 

DMAZ and DMP were calculated by: 

 

Product yield (wt%)       =         100
acid icdicarboxilofWeight

PPDsofWeight
  

 

  3.2.1.2 Synthesis of diisopropyl succinate (DIS), diisopropyl 

adipate (DIAD), diisopropyl azelate (DIAZ) and diisopropyl phthalate (DIP) as 

PPDs. 

 

The synthesis of diisopropyl ester was carried out as similar to section 

3.2.1.1, using isopropyl alcohol instead of methanol at 83°C. The diisopropyl 

succinate (DIS), diisopropyl adipate (DIAD), diisopropyl azelate (DIAZ) and 

diisopropyl phthalate (DIP) were obtained.  

 

 3.2.1.3 Synthesis of di 2-butyl succinate (DBS), di 2-butyl adipate 

(DBAD), di 2-butyl azelate (DBAZ) and di 2-butyl phthalate (DBP) as PPDs.   

 

 The synthesis of di 2-butyl ester was carried out as similar to section 

3.2.1.1, using 2-butanol instead of methanol at 100°C. The di 2-butyl succinate 

(DBS), di 2-butyl adipate (DBAD), di 2-butyl azelate (DBAZ) and di 2-butyl 

phthalate (DBP) were obtained.  
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         3.2.1.4 Synthesis of di 2-ethyl hexyl succinate (DES), di 2-ethyl hexyl 

adipate (DEAD), di 2-ethyl hexyl azelate (DEAZ) and di 2-ethyl hexyl phthalate 

(DEP) as PPDs. 

   

 The synthesis of di 2- ethyl hexyl ester was carried out as similar to 

section 3.2.1.1, using 2-ethylhexanol instead of methanol at 60°C. The products were 

purified by column chromatography. The 2-ethylhexyl succinate (DES), di 2-ethyl 

hexyl adipate (DEAD), di 2-ethylhexyl azelate (DEAZ) and di 2-ethylhexyl phthalate 

(DEP) were obtained.  

  

3.2.2 Determination of properties from soybean oil 

 

The properties of soybean oil such as % free fatty acid (FFA), saponification 

number (SN) and iodine value (IV) were determined according to ASTM D 5555, 

ASTM D 5558 and ASTM D 5554 Standard test method, respectively.  

 

3.2.3 Synthesis of methyl ester from soybean oil (SME) 

 

five hundred grams of  soybean  oil  was  added  into  1,000  ml  of  round 

bottom   flask   equipped with condenser, The catalyst as 1% of sodium hydroxide (5 

g) was dissolved in methanol (290 ml, 12:1 molar ratio of methanol to oil) by stirring 

in a small flask. After that the alcohol/catalyst mixture was added into the oil. The 

reaction mixture was heated at 65°C for 1.5 h. The reaction was checked by thin layer 

chromatography (TLC) developed by hexane: ethyl acetate: acetic acid (90:10:1 v/v) 

and visualized by vanillin solution. After the completion of transesterification 

reaction, the reaction mixture was transferred to a separatory funnel and cooled down 

to room temperature, the SME layer (upper layer) was separated, washed with warm 

deionized water and dried under reduced pressure. The conversion percentage of 

methyl ester and fatty acid profiles of biodiesel was analyzed by 1H-NMR techniques. 

The product yield was calculated by: 
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Product yield (% wt)     =      100
OilofWeight

BiodieselofWeight
                              

 
 

 3.2.4 Characterization and determination of SME and PME 

 

  3.2.4.1 The conversion percentage of SME and PME 

 

The conversion percentage of SME and PME were determined 

by1H NMR, integrated peak area of methoxy proton at H 3.7 ppm and                  

α-carbonyl methylene proton at H 2.3 ppm calculated by following equation:   
 

% Conversion     =   [(2IOMe) / (3ICH2)]  100 

 

 

The ester content of SME and PME was determined by GC. 

The internal standard was methyl heptadecanoate. The ester content of SME 

and PME was calculated by the following equation: 

 

C = ( ∑A –Ai ) × ( Ci×Vi ) × 100 

Ai                 m 
 

C      =    Methyl ester content 

∑A   =    Total area of fatty acid methyl esters 

Ai     =    Area of methyl heptadecanoate  

Ci     =    Concentration of methyl heptadecanoate solution 

Vi     =    Volume of methyl heptadecanoate solution 

m      =    Mass of the sample 
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3.2.4.2 Determination of fatty acid compositions of SME and PME 

 

The standard 37 fatty acid methyl esters were used to determined fatty 

acid compositions of SME and PME. 

 

 3.2.4.3 Determination of the properties of SME and PME 

 

The main properties of SME and PME were determined according to 

the test methods shown in Table 3.1 

 

Table 3.1 Test standard method of methyl ester. 

 

Property Method 

Acid number (mg KOH/g) ASTM D 974 

Viscosity at 40°C (cSt) ASTM D 445 

 

 

3.2.5 Determination of cloud point (CP) and pour point (PP) 

 

Soybean methyl ester (SME) and palm methyl ester (PME) were 

thoroughly with each of PPDs (DMS, DMAD, DMAZ, DMP, DIS, DIAD, DIAZ, 

DIP, DBS, DBAD, DBAZ, DBP, DES, DEAD, DEAZ and DEP) at various 

concentrations (0, 10,000, 100,000 and 300,000 ppm). Then the mixtures were 

subjected to measure CP and PP according to the ASTM D2500 for cloud point and 

ASTM D97 for pour point.   

 

 

 



CHAPTER IV 

 
RESULTS AND DISCUSSION 

 

4.1 Synthesis of Pour Point Depressants (PPDs) 

  

 The appearance, conversion percentage, product yield percentage, acid value 

and viscosity at 40 °C of PPDs were summarized in Table 4.1. 

 

Table 4.1 The appearance, conversion percentage, product yield percentage, acid 
  value and viscosity at 40 °C of PPDs. 
 
 

 

 

 
PPDs 

 
Appearance 

% 
Conversion 

% 
product 

yield 

Acid value 
(mg KOH/g 

oil) 

Viscosity 
at 40 °C  

(cSt) 
DMS Colorless 99.50 84.48 0 1.51 

DMAD Colorless 96.62 88.80 0 1.89 

DMAZ Colorless 98.04 84.73 0 2.87 

DMP Colorless 98.04 86.13 0 5.57 

DIS Colorless 98.52 85.85 0 2.11 

DIAD Colorless 96.15 84.98 0 2.89 

DIAZ Colorless 98.04 87.78 0 4.56 

DIP Colorless 97.09 85.98 0 9.02 

DBS Colorless 98.04 87.53 0 2.65 

DBAD Colorless 97.09 87.38 0 3.47 

DBAZ Colorless 97.56 87.15 0 4.98 

DBP Colorless 96.15 84.90 0 13.21 

DES Colorless 99.01 84.95 0 3.79 

DEAD Colorless 97.09 84.13 0 5.03 

DEAZ Colorless 98.04 85.10 0 5.16 

DEP Colorless 96.15 86.60 0 25.10 



 32 

According to Table 4.1, the appearances of 16 PPDs were colorless.                  

The conversion percentage and product yield percentage were calculated, the values 

obtained were in the range of 96.15-99.50% and 84.13-88.80%, respectively. The acid 

value of PPDs were 0 mg KOH/g oil, that mentioned to no starting material (succinic 

acid, adipic acid, azelic acid and phthalic acid ) remaining in PPDs. The viscosity at 

40°C of PPDs was in the range of 1.51- 25.10 cSt. When the molecular weight of 

PPDs increased, the viscosity increased. 

 

4.2 Characterization of PPDs 
 

             4.2.1 Fourier-Transform Infrared Spectroscopy (FT-IR) 

 

 The functional groups of 16 PPDs were characterized by FT-IR spectroscopy. 

The IR spectra of PPDs were presented in Figure A23-A38, All PPDs were ester 

group, the spectrum showed strong intensity peak at 1730-1740 cm -1 corresponding to 

C=O stretching of carbonyl group and absorptions at1100-1350 cm -1 attributable to 

C-O stretching peak of ester. In addition, the structures of DMP, DIP, DB and DEP 

were aromatic ring, the spectrum showed C-C stretching in aromatic ring at 1550-

1600 cm -1. From all spectra, the broad band of O-H stretching (2500-3300cm-1) was 

not presented because all starting materials (dicarboxylic acid) were removed from 

PPDs. 

 

 4.2.2 Nuclear Magnetic Resonance (1H-NMR) 
 
 
 The structures of PPDs were characterized by 1H-NMR (Figures A4-A19).             

The characteristic peaks of dimethyl esters, diisopropyl ester, di 2-butyl ester and                

di 2-ethyl hexyl ester were shown at  3.7, 5.0, 4.8 and 4 ppm, respectively. 
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Monoglyceride 

Diglyceride 

4.3 Determination of properties from soybean oil 

 

The initial properties of soybean oil as % free fatty acid (FFA), saponification 

number (SN) and iodine value (IV) were examined. From the results, the FFA of 

soybean oil was only 0.65%wt hence soybean oil was converted into methyl ester by 

means of transesterification process. The saponification number and iodine value of 

soybean oil were 180.67 mg KOH/g and 124.99 mg I2/g, respectively. 

 

4.4 Synthesis of methyl ester from soybean oil (SME) 
 

Biodiesel from soybean oil was produced by transesterification reaction and 

the reaction was monitored by TLC. The triglyceride in soybean oil was completely 

converted to methyl ester. In Figure 4.1, the left side of TLC was the composition of 

soybean oil that it consists of mono-glyceride, di-glyceride and triglyceride. The right 

side of TLC showed the position of biodiesel, mono-glyceride and di-glyceride.                

The spot of biodiesel was higher than triglyceride, diglyceride and monoglyceride 

because biodiesel was minimum polar when using silica gel as stationary phase.          

There were traces of mono-glyceride and di-glyceride because the reaction                        

of triglyceride occurs in three successive steps forming di-glycerides, mono-

glycerides and glycerol. Each step was given one molecule of methyl ester as product. 

The color of SME was yellow and the product yield of SME was 89.82%.   

 
 
                                       
 

 

 

Figure 4.1 TLC of methyl ester from soybean oil when using hexane: ethyl  

   acetate: acetic acid (90:10:1 v/v) solution as mobile phase. 

 

Soybean methyl ester (SME) 
Biodiesel 

Triglyceride 

BD Oil 
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4.5 Characterization and determination of SME and PME 
 
 4.5.1 Ester content of SME and PME 
  
 

The percentage conversion or ester content of SME and PME were calculated 

from NMR technique. The data from NMR technique showed ester content of SME 

and PME were 96.62 % and 98.04 %. The percentage conversion of biodiesel should 

be higher than 96.5% according to EN 14103 standard.     

 

 4.5.2 Determination of fatty acid compositions of SME and PME. 
 

From Table 4.2, the data from GC chromatogram of SME showed the major 

unsaturated fatty acids were linoleic acid (52.82%) and oleic acid (24.85%). For PME, 

the major fatty acids were palmitic acid (63.1%) and oleic acid (24.56%). The result 

indicated that SME had more amount of unsaturated fatty acid than PME. As a result, 

the CP and PP of SME lower than PME (showed in Table 4.5).   

   

Table 4.2 Comparison of fatty acid composition from SME and PME. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Fatty acid compositions SME  
(wt%) 

PME  
(wt%) 

C12:0 (Lauric acid) - 0.24 

C14:0 (Myristic acid) - 1.38 

C16:0 (Palmitic acid) 11.18 63.10 

C18:0 (Stearic acid) 4.32 4.71 

C18:1n9c (Oleic acid) 24.85 24.56 

C18:1n9t (Elaidic acid) 1.31 0.32 

C18:2n6c (Linoleic acid) 52.82 4.71 

C18:2n6t (Linolelaidic acid) 0.63 - 

C18:3n6 (ᵞ-Linoleic acid) 4.36 - 

C18:3n3 (α-Linoleic acid) 0.74 - 
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4.5.3 Determination of the properties from SME and PME 

 

The properties of SME and PME such as acid value and viscosity were 

determined according to ASTM D 974 and ASTM D445.    

 

Table 4.3 showed the SME and PME had acid value and viscosity at 40°C in 

the range of standard values. Furthermore, the viscosity of SME and PME after 

blending with PPDs was shown in Table 4.4. The viscosity was determined according 

to ASTM D445.     

 

Table 4.3 Acid value and viscosity of SME and PME.  

 

Properties Standard 

value 

SME PME Standard 

 method 

Acid value (mg KOH/g) <0.5 0.26 0.39 ASTM D 974 

Viscosity at 40°C (cSt) 3-5 4.13 4.19 ASTM D445 

 

 

 

 

 

 

 

Fatty acid compositions SME  
(wt%) 

PME  
(wt%) 

C20:0 (Arachidic acid) - 0.33 

C22:1n9 (Erucic acid) - 0.43 

C22:41n9 (Nervonic acid) - 0.23 
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Table 4.4 showed viscosity at 40°C of SME and PME after blending with 

maximum concentrations of PPDs. The blending of PPDs in SME had viscosity 

values within the range of standard values except viscosity of blending SME with 

300,000 ppm of di 2-ethyl hexyl phthalate (DEP). Similarly, when 300,000 ppm of 

DEP was added into PME result in viscosity was not standard (3-5 cSt).  

 

Table 4.4 Viscosity of SME and PME when blending with 300,000 ppm 

of  PPDs. 

 

Additives Viscosity at 40°C (cSt) 
of SME 

Viscosity at 40°C (cSt) 
of PME 

DMS 3.00 3.00 
DMAD 3.27 3.20 
DMAZ 3.70 3.71 
DMP 4.31 4.22 
DIS 3.33 3.34 

DIAD 3.76 3.61 
DIAZ 4.07 4.28 
DIP 4.55 4.44 
DBS 3.64 3.63 

DBAD 3.81 3.76 
DBAZ 4.42 4.35 
DBP 4.37 4.78 
DES 4.17 4.13 

DEAD 4.47 4.47 
DEAZ 4.57 4.49 
DEP 5.87 5.79 

 

Could point and pour point of SME, PME and PPDs were determined. The 

results were shown in Table 4.5. 

Table 4.5 showed the CP and PP of SME, PME and PPDs. The CP and PP of 

SME were lower than PME because the SME contains unsaturated fatty acid while 

the composition of PME was saturated fatty acid (as showed in Table 4.2). The 

previous research stated that compositions of biodiesel with significant amount of 

saturated fatty acid compounds will display higher cloud (CP) and pour (PP) point.  
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Table 4.5 Could point (CP) and Pour point (PP) of SME, PME and 

 PPDs. 
 

Sample CPave PPave 

SME 2.00 1 .0 0.00 1 .0 
PME 21.00 1 .0 19.00 1 .0 
DMS 9.00 1 .0 13.50 1 .0 

DMAD 7.00 1 .0 7.50 1 .0 
DMAZ -3.50 1 .0 -9.50 1 .0 
DMP -1.20 1 .0 -7.55 1 .0 
DIS -10.25 1 .0 -19.45 1 .0 

DIAD -16.20 1 .0 -25.00 1 .0 
DIAZ -27.00 1 .0 >-30.00 1 .0 
DIP -21.00 1 .0 -23.50 1 .0 
DBS -15.30 1 .0 -22.35 1 .0 

DBAD -17.90 1 .0 -25.75 1 .0 
DBAZ -29.00 1 .0 >-30.00 1 .0 
DBP -21.00 1 .0 -23.75 1 .0 
DES 3.00 1 .0 -17.50 1 .0 

DEAD -5.00 1 .0 -23.00 1 .0 
DEAZ -22.35 1 .0 >-30.00 1 .0 
DEP 5.15 1 .0 -27.00 1 .0 
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4.6 Improvement of the cold flow properties of biodiesel 
 

4.6.1 Using of DMS, DMAD and DMAZ as PPDs  

 

Figures 4.2, 4.3, 4.4 and 4.5 showed the reduction of CP and PP in SME                       

when blended with DMS, DMAD and DMAZ. At 300,000 ppm of DMS, the CP and 

PP of PME were reduced from 2.00 °C to -1.80 °C (CP = 3.80 °C) and 0.00 °C to              

-2.00 °C (PP = 2.00 °C).The CP and PP were decreased from 2.00 °C to -1.80 °C   

(CP = 3.80 °C) and 0.00 °C to -3.40 °C (PP = 3.40 °C) by using 300,000 ppm of 

DMAD. At the same concentration, the CP and PP of SME were reduced from 2.00 

°C to -2.00 °C (CP = 4.00 °C) and 0.00 °C to -4.50 °C (PP = 4.50 °C) when 

blended with DMAZ. 

 

The reduction of CP and PP was decreased after blending DMS, DMAD and 

DMAZ with PME (Figures 6 and 7). The values of CP and PP were decreased from 

21.00 °C to 16.50 °C (CP = 4.50 °C) and 19.00 °C to 14.30 °C (PP = 4.70 °C) by 

using DMS at 300,000 ppm. Similarly, the values of CP and PP were reduced from 

21.00 °C to 16.60 °C (CP = 4.40 °C) and 19.00 °C to 14.20 °C (PP = 4.80 °C) after 

blending with DMAD. In addition of 300,000 ppm of DMAZ, the CP and PP of SME 

were reduced from 21.00 °C to 16.30 °C (CP = 4.70 °C) and 19.00 °C to 14.00 °C 

(PP = 5.00 °C). 

 

From the results, the cold flow properties of SME and PME were improved by 

using DMS, DMAD and DMAZ as PPDs. When using the small amount of DMS, 

DMAD and DMAZ (10,000 ppm), the reduction of CP and PP were changed slightly. 

In contrast, adding the large amount of DMS, DMAD and DMAZ (100,000-300,000 

ppm) caused a significant change to CP and PP. These PPDs are preventing the 

crystal growth and agglomeration which will hinder the crystallization of biodiesel.  

  

The comparison of PPDs’ effectiveness in cold flow properties of SME and 

PME improvement indicated that DMAZ is more effective than DMAD and DMS, 

because the structure of three PPDs had different alkyl chain length (The hydrocarbon 
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chain between carboxylic groups).  The trends of CP and PP were decreased when the 

alkyl chain length increased. Therefore, the ratio of polar and nonpolar had affected to 

CP and PP values. When the PPDs were added in biodiesel, some molecules of PPDs 

could be interacted with themselves. The structure of DMS had a short chain between 

carboxylic group so carboxylic groups were close to each other. The molecule may be 

easily packed resulting in the crystallization occurrence which is easier than DMAD 

and DMAZ. 

 

 
 

Figure 4.2 CP of SME with various concentrations of DMS, DMAD and DMAZ. 
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Figure 4.3 PP of SME with various concentrations of DMS, DMAD and DMAZ. 

 

 

 

 

Figure 4.4 CP of PME with various concentrations of DMS, DMAD and DMAZ. 
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Figure 4.5 PP of PME with various concentrations of DMS, DMAD and DMAZ. 

 

 

 

4.6.2 Using of DMAZ and DMP as PPDs  

 
Three concentrations of DMAZ and DMP blends, i.e. (10,000, 100,000 and 

300,000 ppm) were tested with SME and PME for cold flow properties (Figures 4.6 

and 4.7) to enhance the cold weather functionality of biodiesel fuel. The reduction in 

CP and PP of SME was from 2.00 °C to -2.00 °C (CP = 4.00 °C) and 0.00 °C to                

-4.50 °C (PP = 4.50 °C) when blended with 300,000 ppm of DMAZ. Similarly to 

blending of DMP in PME, the CP and PP were reduced from 2.00 °C to -0.70°C (CP 

= 2.70 °C) and 0.00 °C to -2.70 °C (PP = 2.70 °C). 

Figures 4.6 and 4.7 showed the CP and PP of PME when using DMAZ and 

DMP as PPDs. At 300,000 ppm of DMAZ, the CP and PP were decreased from 21.00 

°C to 16.30 °C (CP =4.70 °C) and 19.00 °C to 14.00 °C (PP = 5.00 °C). The values 

of CP and PP were attested obviously when the concentration of DMP was 300,000 

ppm, indicating decreased values from 21.00 °C to 16.60°C (CP = 4.40 °C) and 

19.00 °C to 14.90 °C (PP = 4.10 °C), respectively. 

10000 
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The results could be concluded that The CP and PP of SME and PME were 

improved by using DMAZ and DMP. These PPDs inhibit the crystals size formation 

which was enough to clog fill-line and filters, and provide a barrier to crystal 

agglomeration.   

Moreover, blending of DMAZ displayed CP and PP which was lower than 

DMP. DMAZ and DMP had different major structure; DMAZ was aliphatic 

hydrocarbon while DMP was aromatic hydrocarbon. The hypothesis suggested that          

there was interaction between DMP molecules; the crystalline aromatic ring involves 

perpendicular interaction between rings, thus the relatively positive periphery of one 

molecule associates with the relatively negative faces of the aromatic molecule 

aligned above and below it. The interaction between the aromatic rings would be 

better resulting in higher CP and PP. 

 

 

 

Figure 4.6 CP and PP of SME with various concentrations of DMAZ and DMP. 
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Figure 4.7 CP and PP of PME with various concentrations of DMAZ and DMP.  

 

 

4.6.3 Using DMAZ, DIAZ, DBAZ, and DEAZ as PPDs  

 

Addition of DMAZ, DIAZ, DBAZ and DEAZ to SME was resulted in lower 

CP and PP, as showed in Figures 4.8 and 4.9. The SME was displayed the reduction 

of CP and PP from 2.00 °C to -2.00 °C (CP = 4.00 °C) and 0.00 °C to -4.50 °C (PP 

= 4.50 °C) with addition of 300,000 ppm of DMAZ. Similarly, DIAZ reduced CP and 

PP from 2.00 °C to -2.90 °C (CP = 4.90 °C) and 0.00 °C to -5.20 °C (PP = 5.20 

°C). When adding 300,000 ppm of DBAZ, the CP and PP were decrease from 2°C to    

-3.15°C (CP = 5.15 °C) and 0.00 °C to -5.40 °C (PP = 5.40 °C). Moreover, 

blending DEAZ at 300,000 ppm reduced CP and PP values from 2.00 °C to -2.70 °C 

(CP = 4.70 °C) and 0.00 °C to -4.90 °C (PP = 4.90 °C), respectively.     

 The results showed the reduction of CP and PP in PME when using 

DMAZ, DIAZ, DBAZ and DEAZ as PPDs. At highest concentration of DMAZ 

(300,000 ppm), the CP and PP of PME decreased from 21.00 °C to 16.30 °C (CP 

=4.7 °C) and 19.00 °C to 14.00 °C (PP = 5.00 °C). At the same condition, the CP 

and PP could be reduced from 21.00 °C to 15.35 °C (CP = 5.65 °C) and 19.00 °C to 

10000 
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13.20 °C (PP = 5.80 °C) after blending with DIAZ. The addition of 300,000 ppm in 

DBAZ decreased the CP and PP from 21.00°C to 15.00°C (CP = 6.00 °C) and 19.00 

°C to 13.00 °C (PP = 6.00 °C). Finally, the reduction in CP and PP were from 21.00 

°C to 15.90 °C (CP = 5.10 °C) and 19 °C to 13.70 °C (PP = 5.30 °C) when blended 

with DEAZ.  

 From the result, both SME and PME had pronounced decreases in CP 

and PP when the concentration of DMAZ, DIAZ, DBAZ and DEAZ were increased. 

This can be concluded that DMAZ, DIAZ, DBAZ and DEAZ could improve cold 

flow properties of SME and PME. The PPDs could be able to hinder the packing of 

wax crystals and solid formation. From the study, DBAZ had the highest efficiency, 

following with DIAZ, DEAZ and DMAZ. Four PPDs had different branched alkyl 

chain. DBAZ is the most active reducer in CP and PP because the structure of DBAZ 

consists of branch substituent which hindered the solid phase formation. The DIAZ is 

less effective than DBAZ because the molecule of DIAZ had less steric effect than 

DBAZ. Although DEAZ had a branch chain but DEAZ could reduce CP and PP less 

than DBAZ and DIAZ resulting from the branch substituent of DEAZ had a part of 

long chain hydrocarbon which may cause packing of hydrocarbon and crystallization. 

In addition, DMAZ had minimum efficiency due to the structure of DMAZ was not 

branch substituent. Thus, the packing of molecules occurred easily which caused 

crystallization. 

In addition, the PPDs had 2-butanol as branch chain (DBS, DBAD and DBP) 

which gave the good results from the comparison of branch chain, followed by using                     

isopropanol (DIS, DIAD and DIP) and 2-ethylhexanol (DES, DEAD and DEP) as 

branch substituent. The PPDS had methyl group which minimally improved flow 

properties of biodiesel. The results were shown in tables B1-B32 and the discussions 

were the same reasons as described above. All research showed that DBAZ gave the 

best result to improve cold flow properties of SME and PME. At 300,000 ppm of 

DBAZ, the CP and PP of SME were reduced 5.15 °C and 5.40 °C. Both CP and PP of 

PME were reduced 6.00 °C by using DBAZ as PPDs. 
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 In this research, DBAZ was compared with poly (maleic anhydride-alt-1-

octadecene) [36]. At 2 %wt of poly (maleic anhydride-alt-1-octadecene, the CP and 

PP of palm biodiesel were reduced 4.80 °C and 6.00 °C. Therefore, poly (maleic 

anhydride-alt-1-octadecene) is more effective than DBAZ because of more steric 

hindrance of poly (maleic anhydride-alt-1-octadecene). Furthermore, poly (maleic 

anhydride-alt-1-octadecene) is large molecule, so the molecules are more difficult to 

pack than DBAZ.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8 CP of SME with various concentrations of DMAZ, DIAZ, DBAZ and 

   DEAZ.  
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Figure 4.9 PP of SME with various concentrations of DMAZ, DIAZ, DBAZ, and 

   DEAZ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10 CP of PME with various concentrations of DMAZ, DIAZ, DBAZ and 

   DEAZ. 
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Figure 4.11 PP of PME with various concentrations of DMAZ, DIAZ, DBAZ and 

   DEAZ. 
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CHAPTER V  

 

CONCLUSION AND SUGGESTION 

  

 
5.1  Conclusion 

 

 
The objective of this research was to synthesize pour point depressants (PPDs) 

from dicarboxylic acid to improve flow properties of soybean methyl ester (SME) and 

palm methyl ester (PME) at low temperature. The diester could be synthesized from 

the esterification reaction by using sulfuric acid as catalyst. The CP and PP of SME 

and PME were reduced when diester was added. Moreover, the result also 

demonstrated that the branched chain of PPDs (DIS, DIAD, DIAZ, DIP, DBS, 

DBAD, DBAZ, DBP, DES, DEAD, DEAZ and DEP) is more effective than straight-

chain (methyl) of PPDs (DMS, DMAD, DMAZ and DMP) because branched chain 

are more difficult to pack when compared with straight-chain. Aromatic PPDs (DMP, 

DIP, DBP and DEP) exhibited higher CP and PP compared with aliphatic PPDs. The 

aromatic ring had perpendicular interaction between rings caused aromatic molecule 

can be formed crystal. After that, comparison of alkyl chain length in structure of 

PPDs, the CP and PP of SME and PME were decreased when the alkyl chain length 

of PPDs increased. It indicated that increasing of alkyl chain length from C4 to C9 

causes an increase of solubility resulting in an increase of the interaction between 

diester and wax in biodiesel therefore inhibition of the wax crystal formation should 

be obtained. Consequently, the good PPDs should have structure as follows:                        

branched-chain, long alkyl chain length and aliphatic molecule. In addition, PPDs 

with large molecule were added in SME and PME results in viscosity of SME and 

PME was increased. Finally, di 2-butyl azelate (DBAZ) demonstrated the most 

advantageous cold flow properties by yielding the lowest CP and PP values.                    

The maximum reduction of CP and PP in SME was obtained at 300,000 ppm which 

deceased 5.15 1 .0 °C and 5.40 1 .0 °C and both CP and PP could reduce                 

6.00 1 .0 °C in PME.  
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5.2  Suggestion 

 

 - PPDs should be synthesized from dicarboxylic acid which has longer alkyl 

chain length than azelaic acid (C9) such as undecanedioic acid (C11) and 

dodecanedioic acid (C12) to improve the cold flow property of biodiesel. 
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APPENDIX A 

 
1H-NMR SPECTRA, GC CHROMATOGRAMS AND              

IR SPECTRA 
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Figure A1 1H-NMR spectrum of Soybean oil. 
 

 
Figure A2 1H-NMR spectrum of SME. 
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Figure A3 1H-NMR spectrum of PME. 

 
Figure A4 1H-NMR spectrum of DMS. 
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Figure A5 1H-NMR spectrum of DIS. 
 

 
Figure A6 1H-NMR spectrum of DBS. 
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Figure A7 1H-NMR spectrum of DES. 

 
 

Figure A8 1H-NMR spectrum of DMAD. 
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Figure A9 1H-NMR spectrum of DIAD. 
 

 
Figure A10 1H-NMR spectrum of DBAD. 
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Figure A11 1H-NMR spectrum of DEAD. 
 

 
Figure A12 1H-NMR spectrum of DMAZ. 
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Figure A13 1H-NMR spectrum of DIAZ. 
 

 
Figure A14 1H-NMR spectrum of DBAZ. 
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Figure A15 1H-NMR spectrum of DEAZ. 
 

 
Figure A16 1H-NMR spectrum of DMP. 
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Figure A17 1H-NMR spectrum of DIP. 
 

 
Figure A18 1H-NMR spectrum of DBP. 
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Figure A19 1H-NMR spectrum of DEP. 
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Identification (Peak Name) Retention time (min) 
 C6:0 (Caproic)  8.122 
 C8:0 (Caprylic)  14.054 
 C10:0 (Capric)  20.128 
 C11:0 (Undecanoic)  23.014 
 C12:0 (Lauric)  25.782 
 C13:0 (Tridecanoic)  28.423 
 C14:0 (Myristic)  30.959 
 C14:1 (Myristoleic)  31.856 
 C15:0 (Pentadecanoic)  33.382 
 C15:1 (cis-10-Pentadecenoic)  34.256 
 C16:0 (Palmitic)  35.712 
 C16:1 (Palmitoleic)  36.292 
 C17:0 (Heptadecanoic) (Internal standard) 37.941 
 C17:1 (cis-10-Heptadecenoic)  38.509 
 C18:0 (Stearic)  40.094 
 C18:1n9c (Oleic)  40.518 
 C18:1n9t (Elaidic)  40.612 
 C18:2n6c (Linoleic)  41.480 
 C18:2n6t (Linolelaidic)  41.552 
 C18:3n6 (γ-Linolenic)  42.114 
 C18:3n3 (α-Linolenic)  42.811 
 C20:0 (Arachidic)  44.151 
 C20:1n9 (cis-11-Eicosenoic)  44.547 
 C20:2 (cis-11,14-Eicosadienoic)  45.568 
 C20:3n6 (cis-8,11,14-Eicosatrienoic)  46.248 
 C20:3n3 (cis-11,14,17-Eicosatrienoic)  46.770 
 C20:4n6 (Arachidonic)  47.150 
 C20:5n3 (cis-5,8,11,14,17-Eicosapentaenoic)  48.566 
 C22:0 (Behenic)  48.905 
 C22:1n9 (Erucic)  49.564 
 C22:2 (cis-13,16-Docosadienoic)  51.212 
 C23:0 (Tricosanoic)  52.241 
 C24:0 (Lignoceric)  56.533 
 C24:1n9 (Nervonic)  57.646 

 

 

Figure A20 GC chromatogram of 37 FAMEs standard. 
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Figure A21 GC chromatogram of SME. 
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Figure A22 GC chromatogram of PME. 
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Figure A23 FT-IR spectrum of DMS. 
 

 
 
 

 
 
 
 

Figure A24 FT-IR spectrum of DIS. 
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Figure A25 FT-IR spectrum of DBS. 
 

 
 
 

 
 
 
 

Figure A26 FT-IR spectrum of DES. 
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Figure A27 FT-IR spectrum of DMAD. 
 

 
 
 

 
 
 
 

Figure A28 FT-IR spectrum of DIAD. 
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Figure A29 FT-IR spectrum of DBAD. 
 

 
 
 

 
 
 
 

Figure A30 FT-IR spectrum of DEAD. 
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Figure A31 FT-IR spectrum of DMAZ. 
 

 
 
 

 
 
 
 

Figure A32 FT-IR spectrum of DIAZ. 
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Figure A33 FT-IR spectrum of DBAZ. 
 

 
 
 

 
 
 
 

Figure A34 FT-IR spectrum of DEAZ. 
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Figure A35 FT-IR spectrum of DMP. 
 

 
 
 

 
 
 
 

Figure A36 FT-IR spectrum of DIP. 
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Figure A37 FT-IR spectrum of DBP. 
 

 
 
 

 
 
 
 

Figure A38 FT-IR spectrum of DEP. 
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APPENDIX B 

 

VALUES OF CLOUD POINT AND POUR POINT  

OF SME AND PME 
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Table B1 Values of CP and PP of SME when using DMS as PPD. 
 
 

Conc.(ppm) CP (๐C) PP (๐C) 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 2 2 2.00 -0.2 -0.2 -0.20 
100000 -0.2 -0.1 -0.15 -1.7 -1.7 -1.70 
300000 -1.9 -1.7 -1.80 -2 -2 -2.00 

 
 
Table B2 Values of CP and PP of PME when using DMS as PPD.  
 
 

Conc.(ppm) CP (๐C) PP (๐C) 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.9 20.7 20.80 18.5 18.5 18.50 

100000 18.9 18.9 18.90 17.5 17.5 17.50 
300000 16,5 16.5 16.50 14.3 14.3 14.30 

 
 
Table B3  Values of CP and PP of SME using DIS as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.6 1.5 1.55 -0.4 -0.4 -0.40 
100000 -0.5 -0.5 -0.50 -2.2 -2.2 -2.20 
300000 -2.5 -2.5 -2.50 -4.3 -4.3 -4.30 

 
 
Table B4  Values of CP and PP of SME using DIS as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.5 20.5 20.50 18.3 18.3 18.30 

100000 18.4 18.4 18.40 16.8 16.8 16.80 
300000 15.7 15.7 15.70 13.5 13.5 13.50 
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Table B5  Values of CP and PP of SME using DBS as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.2 1.4 1.30 -0.7 -0.7 -0.70 
100000 -0.8 -0.8 -0.80 -2 -2 -2.00 
300000 -2.8 -2.8 -2.80 -4.7 -4.7 -4.70 

 
 
Table B6  Values of CP and PP of Palm using DBS as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.4 20.2 20.30 18 18 18.00 

100000 18 18.2 18.10 16.5 16.5 16.50 
300000 15.5 15.3 15.40 13.3 13.3 13.30 

 
 
Table B7  Values of CP and PP of SME using DES as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.7 1.7 1.70 -0.2 -0.2 -0.20 
100000 -0.4 -0.4 -0.40 -1.9 -1.9 -1.90 
300000 -2.2 -2.2 -2.20 -3.6 -3.6 -3.60 

 
 
Table B8 Values of CP and PP of PME using DES as PPDs. 

 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.6 20.7 20.65 18.5 18.5 18.50 

100000 18.6 18.6 18.60 17.3 17.3 17.30 
300000 16 16 16.00 13.7 13.7 13.70 
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Table B9  Values of CP and PP of SME using DMAD as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.8 1.8 1.80 -0.5 -0.5 -0.50 
100000 -0.1 -0.1 -0.10 -1.8 -1.8 -1.80 
300000 -1.8 -1.8 -1.80 -3.4 -3.4 -3.40 

 
 
Table B10  Values of CP and PP of PME using DMAD as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.6 20.7 20.65 18.5 18.5 18.50 
100000 19 18.8 18.90 17.5 17.5 17.50 
300000 16.6 16.6 16.60 14.2 14.2 14.20 

 
 
Table B11  Values of CP and PP of SME using DIAD as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.5 1.5 1.50 -0.4 -0.4 -0.40 
100000 -0.7 -0.6 -0.65 -2.3 -2.3 -2.30 
300000 -2.6 -2.6 -2.60 -4.3 -4.3 -4.30 

 
 
Table B12  Values of CP and PP of PME using DIAD as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.1 20.3 20.20 18.2 18.2 18.20 
100000 18.3 18.3 18.30 16.7 16.7 16.70 
300000 15.5 15.5 15.50 13.4 13.4 13.40 

 
 
 
 



 

 

81 

 
 
Table B13  Values of CP and PP of SME using DBAD as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.3 1.3 1.30 -0.7 -0.7 -0.70 
100000 -0.8 -0.8 -0.80 -2.1 -2.1 -2.10 
300000 -2.8 -2.8 -2.80 -5.7 -5.7 -5.00 

 
 
Table B14  Values of CP and PP of PME using DBAD as PPDs. 
                     
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 19.8 20 19.90 18.1 18.1 18.10 
100000 18 18 18.00 16.3 16.3 16.30 
300000 15.3 15.3 15.30 13.2 13.2 13.20 

 
 
Table B15  Values of CP and PP of SME using DES as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.6 1.6 1.60 -0.6 -0.6 -0.60 
100000 -0.5 -0.5 -0.50 -1.8 -1.8 -1.80 
300000 -2.4 -2.5 -2.45 -3.9 -3.9 -3.90 

 
 
Table B16 Values of CP and PP of PME using DES as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.3 20.5 20.40 18.4 18.4 18.40 
100000 18.5 18.5 18.50 16.9 16.9 16.90 
300000 16.5 16.5 16.50 13.7 13.7 13.70 
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Table B17  Values of CP and PP of SME using DMAZ as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.9 1.7 1.80 -0.2 -0.2 -0.20 
100000 -0.3 -0.3 -0.30 -1.8 -1.8 -1.80 
300000 -2 -2 -2.00 -4.5 -4.5 -4.50 

 
 
Table B18 Values of CP and PP of PME using DMAZ as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.5 20.5 20.50 18.4 18.4 18.40 
100000 18.7 18.7 18.70 17.3 17.3 17.30 
300000 16.3 16.3 16.30 14 14 14.00 

 
 
Table B19 Values of CP and PP of SME using DIAZ as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.5 1.5 1.50 -0.5 -0.5 -0.50 
100000 -0.7 -0.9 -0.85 -2.5 -2.5 -2.50 
300000 -3 -2.8 -2.90 -5.2 -5.2 -5.20 

 
 
Table B20 Values of CP and PP of PME using DIAZ as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.3 20.4 20.35 18 18 18.00 
100000 18 18 18.00 16.7 16.7 16.70 
300000 15.3 15.4 15.35 13.2 13.2 13.20 
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Table B21  Values of CP and PP of SME using DBAZ as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.2 1.2 1.20 -0.8 -0.8 -0.80 
100000 -1 -1 -1.00 -2.8 -2.8 -2.80 
300000 -3.1 -3.2 -3.15 -5.4 -5.4 -5.40 

 
 
Table B22  Values of CP and PP of PME using DBAZ as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 19.6 19.5 19.55 17.7 17.7 17.70 
100000 17.8 17.8 17.80 16.2 16.2 16.20 
300000 15 15 15.00 13 13 13.00 

 
 
Table B23  Values of CP and PP of SME using DEAZ as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.7 1.8 1.75 -0.3 -0.3 -0.30 
100000 -0.4 -0.5 -0.45 -2.1 -2.1 -2.10 
300000 -2.7 -2.7 -2.70 -4.9 -4.9 -4.90 

 
 
Table B24  Values of CP and PP of PME using DEAZ as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.6 20.4 20.50 18.4 18.4 18.40 
100000 18.4 18.3 18.35 17 17 17.00 
300000 15.9 16 15.90 13.7 13.7 13.70 
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Table B25  Values of CP and PP of SME using DMP as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.5 1.5 1.50 -0.6 -0.6 -0.60 
100000 -0.1 -0.1 -0.10 -1.4 -1.4 -1.40 
300000 -0.8 -0.6 -0.70 -2.7 -2.7 -2.70 

 
 
Table B26  Values of CP and PP of PME using DMP as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.8 20.9 20.85 18.5 18.5 18.50 
100000 19 19 19.00 17.3 17.3 17.30 
300000 16.7 16.5 16.60 14.9 14.9 14.90 

 
 
Table B27  Values of CP and PP of SME using DIP as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.4 1.4 1.40 -1 -1 -1.00 
100000 -0.3 -0.3 -0.30 -1.7 -1.7 -1.70 
300000 1.2 1.2 -1.20 -4 -4 -4.00 

 
 
Table B28  Values of CP and PP of PME using DIP as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.5 20.6 20.55 18.2 18.2 18.20 
100000 18.8 18.9 18.85 17.1 17.1 17.10 
300000 15.3 15.5 15.40 14.5 14.5 14.50 
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Table B29  Values of CP and PP of SME using DBP as PPDs. 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.3 1.1 1.20 -1 -1 -1.00 
100000 -0.3 -0.4 -0.35 -1.9 -1.9 -1.90 
300000 -1.4 -1.4 -1.40 -4.2 -4.2 -4.20 

 
 
Table B30  Values of CP and PP of PME using DBP as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.2 20.2 20.20 18.1 18.1 18.10 

100000 18.9 18.8 18.85 16.9 16.9 16.90 
300000 15.2 15.2 15.20 14.4 14.4 14.40 

 
 
Table B31  Values of CP and PP of SME using DEP as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 2 2 2.00 0 0 0.00 
10000 1.5 1.5 1.50 -0.7 -0.7 -0.70 

100000 -0.1 -0.2 -0.15 -1.5 -1.5 -1.50 
300000 -1.2 -1 -1.10 -3.4 -3.4 -3.40 

 
 
Table B32  Values of CP and PP of PME using DEP as PPDs. 
 
 

Conc.(ppm) CP PP 
CP1 CP2 CPave PP1 PP2 PPave 

0 21 21 21.00 19 19 19.00 
10000 20.5 20.5 20.50 18.3 18.3 18.30 
100000 18.8 18.7 18.75 17.3 17.3 17.30 
300000 15.5 15.3 15.40 14.7 14.7 14.70 
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1. Calculated % ester content of SME and PME from 1H-NMR spectrum 

 

 The percentage ester content of SME and PME was calculated as follow: 

 

 

            

IOMe    =    Integration value of the protons of the methyl esters, appear    

   at  3.7 ppm 

ICH2    =    Integration value of the methylene protons, appear at  

 2.3 ppm 

 

 
 

    % Ester content of SME =     [(2 1 ) / (3  0.69)]   100 

 

                        =     96.62 % 

 
 
 

 

% Ester content     =     [(2IOMe) / (3ICH2)]  100 
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    % Ester content of PME =     [(2 1 ) / (3  0.68)]   100 

                        =     98.04 % 

2. Calculated % conversion of PPDs from 1H-NMR spectrum 

 

 The percentage conversion of dimethyl esters were calculated as follow: 

 

 

            

 

IOMe    =    Integration value of the protons of the methyl esters, appear    

   at  3.7 ppm 

ICH2    =    Integration value of the methylene protons, appear at  

  2.3 ppm 

              *Integration value of the aromatic protons, appear at  

 7.5 and  7.6 ppm 

% Conversion     =     [(4IOMe) / (6ICH2)]  100 
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% Conversion of DMS                =       [(4  1) / (6  0.69)]   100 

                  =       96.62 % 

 
% Conversion of DMAD      =       [(4  1) / (6  0.68)]   100 

                  =       98.04 % 
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% Conversion of DMAZ      =       [(4  1) / (6  0.68)]   100 

                  =       98.04 % 

 
 

% Conversion of DMP      =       [(4  1) / (6  0.68)]   100 

                  =       98.04 % 
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The percentage conversion of diisopropyl esters were calculated as follow: 

 

 

 

 

IOCH(CH3)2     =    Integration value of the protons of the iso-propyl     

    esters, appear at  5.0 ppm 

ICH2          =    Integration value of the methylene protons, appear at  

 2.3 ppm 

                *Integration value of the aromatic protons, appear at  

 7.5 and  7.6 ppm 

 

 

 
 

% Conversion of DIS      =       [(4  1) / (2 2.03)]   100 

      =       98.52 % 

% Conversion     =     [(4IOCH(CH3)2 / 2ICH2]  100 

)             / (ICH2)]  100 
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% Conversion of DIAD   =       [(4  1) / (2 2.02)]   100 

      =       99.01 % 

 
% Conversion of DIAZ   =       [(4  1) / (2 2.04)]   100 

      =       98.04 % 
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% Conversion of DIP      =       [(4  1) / (2 2.06)]   100 

      =       97.09 % 

 

The percentage conversion of di-2-butyl esters were calculated as follow: 

 

 

 

 

IOCH CH2(CH3)3   =    Integration value of the protons of the 2-butyl                  

    esters, appear at  4.8 ppm 

ICH2          =    Integration value of the methylene protons, appear at  

 2.3 ppm 

                *Integration value of the aromatic protons, appear at  

    7.5 and  7.6 ppm 

 

 

% Conversion     =     [(4IOCHCH2(CH3) / 2ICH2]  100 

)             / (ICH2)]  100 
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% Conversion of DBS      =       [(4  1) / (2 2.04)]   100 

      =       98.04 % 

 
% Conversion of DBAD  =       [(4  1) / (2 2.06)]   100 

      =       97.09 % 
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% Conversion of DBAZ  =       [(4  1) / (2 2.05)]   100 

      =       97.56 % 

 
 

% Conversion of DBP     =       [(4  1) / (2 2.03)]   100 

      =       98.52 % 
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The percentage conversion of di-2-ethyl hexyl esters were calculated                     

as follow: 

 

 

 

 

IOCH2CH(CH2CH3)(CH2)3(CH3)   =    Integration value of the protons of the                    

   2-ethyl hexyl esters,   appear at  4 ppm 

ICH2                               =    Integration value of the methylene                   

   protons, appear at  2.3 ppm 

*Integration value of the aromatic protons,     

appear at  7.5 and  7.6 ppm 

 

 

 
 

% Conversion of DES     =       [(4  1) / (4 1.01)]   100 

      =       99.01 % 

% Conversion     =     [(4IOCH2CH(CH2CH3)(CH2)3(CH3) / 4ICH2]  100 

)             / (ICH2)]  100 
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% Conversion of DEAD  =       [(4  1) / (4 1.03)]   100 

      =       97.09 % 

 
% Conversion of DEAZ  =       [(4  1) / (4 1.02)]   100 

      =       98.04 % 
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% Conversion of DEP     =       [(4  1) / (4 1.02)]   100 

      =       98.04 % 

 

3. Determine the % free fatty acid (ASTM D5555) 

 Reagent 

 

  1.  Ethanol  

  2.  Phenolphthalein 

  3.  0.25 N NaOH 

  

To the 250 ml of Erlenmeyer flask, oil sample (1 g), ethanol (75 ml) and 2ml 

of 1% phenolphthalein were added. The mixture was subject to titrate with 0.25 N 

sodium hydroxide solutions until the pink color was occurred. The ml of alkali 

solution used was recorded.   
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The percentage of free fatty acid (FFA) was calculated as follows: 

 

% FFA = (ml of alkali x N x 28.2) / weight of sample 

N = normality of alkaline solution 

ml of alkali = ml of sodium hydroxide solution 

 
Table C1 Values of free fatty acid contain in soybean oil. 
 

Sample Weight of 
sample (g) 

Volume of 
titrant (ml) 

Concentration 
of NaOH (N)  % FFA 

 

Soybean  oil 
1.0285 0.11 0.2415 0.73 

1.0323 0.11 0.2415 0.73 

% FFA average 0.73 

 

 

4. Determination of the Saponification number (ASTM D5558) 

 

 Reagent  

 

  1.  Phenolphthalein 

  2.  Alcoholic KOH solution  

             3.  0.5 N HCl 

To the 250 ml of Erlenmeyer flask, oil sample (1 g), alcoholic potassium 

hydroxide (25 ml) and 1 ml of 1% phenolphthalein were added. The mixture was 

subject to titrate with 0.5 N of hydrochloric acid until the pink color has disappeared. 

Prepare a blank determination and carried out same with the sample. The ml of acid 

solution used was recorded. 
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The saponification number (SN) was calculated as follows: 

 

SN = 56.1  N  (A – B) / weight of sample 

A = titration of blank 

B = titration of sample 

N = normality of hydrochloric acid solution 

Alcoholic KOH = 40 g of potassium hydroxide  

dissolved in 1 L of ethanol 

 
Table C2 Saponification number of soybean oil. 
 

Sample Weight of 
sample (g) 

Volume of 
titrant (ml) 

Volume of  
blank (ml)  SN 

Soybean oil 1.0225 23.95 30.55 180.40a 

1.0323 23.90 30.55 180.05a 

SN average 180.23a 

 

Remark :   a  =  0.4982 N 
 

5. Determination of the Iodine value (ASTM D5554) 

 

Reagent  

 

  1.  KI solution 

  2.  Wijs solution 

  3.  0.1 N Na2S2O3 

  4.  Starch 

 

To the 500 ml of glass-stopper flask, oil sample (0.1 g), Wijs solution 

(25 ml) was added. Store the flasks in a dark place for 30 min. From storage, removed 

the flasks and add 20 ml of KI solution followed by 100 ml of distilled water.                    

The mixture was subject to titrate with 0.1 N of sodium thiosulfate until the yellow 
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color has almost disappeared, add 2 ml of starch indicator solution, and continued the 

titration until the blue color has just disappeared. Prepare a blank determination and 

carried out same with the sample. The ml of sodium thiosulfate used was recorded.   

The iodine value (IV) was calculated as follows: 

Iodine value = (B –S)  N  12.69 / weight of sample 

B = titration of blank 

S = titration of sample 

N = normality of Na2S2O3 solution 

Table C3 Iodine value of Soybean oil. 
 

Sample Weight of 
sample (g) 

Volume of 
titrant (ml) 

Volume of  
blank (ml)  IV 

Soybean oil 0.1057 40.45 50.75 121.80a 

0.1035 40.40 50.75 124.99a 

IV average 123.40a 

 

Remark :   a  =  0.0985 N 
 

6. Determination of the acid value (ASTM D974) 

 

Reagent  

 

  1.  p-naphtholbenzein indicator solution  

  2.  0.1 M alcoholic KOH solution  

  3.  Titration solvent ( 250 ml toluene + 250 ml isopropyl alcohol)   

 

To the 250 ml of Erlenmeyer flask, oil sample (2 g), titration solvent (25 ml) 

and 0.125 ml of 1% p-naphtholbenzein indicator solution were added. The mixture 

was subject to titrate with 0.1 M alcoholic KOH until the green color was occured. 

Prepare a blank determination and carried out same with the sample. The ml of acid 

solution used was recorded. 
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The acid value was calculated as follows: 

 

Acid value = [(A – B) × N × 56.1] / weight of sample 

A = titration of sample 

B = titration of blank 

N = normality of alcoholic KOH solution 

Alcoholic KOH = 0.6 g of potassium hydroxide  

dissolved in 100 ml  of isopropyl alcohol 

 

 

Table C4 Acid value of SME, PME and PPDs. 
 

Sample Weight of 
sample (g) 

Volume of 
titrant (ml) 

Volume of  
blank (ml)  AV 

SME 2.0054 0.15 0.05 0.26a 

2.0048 0.15 0.05 0.26a 

PME 2.0041 0.2 0.05 0.39a 

2.0035 0.2 0.05 0.39a 

DMS 2.0002 0.05 0.05 0.00a 

2.0021 0.05 0.05 0.00a 

DMAD 2.0062 0.05 0.05 0.00a 

2.0046 0.05 0.05 0.00a 

DMAZ 2.0009 0.05 0.05 0.00a 

2.0012 0.05 0.05 0.00a 

DMP 2.0031 0.05 0.05 0.00a 

2.0003 0.05 0.05 0.00a 

DIS 2.0007 0.05 0.05 0.00a 

2.0032 0.05 0.05 0.00a 

DIAD 2.0056 0.05 0.05 0.00a 

2.0018 0.05 0.05 0.00a 

DIAZ 2.0029 0.05 0.05 0.00a 

2.0005 0.05 0.05 0.00a 
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Sample Weight of 
sample (g) 

Volume of 
titrant (ml) 

Volume of  
blank (ml)  AV 

DIP 2.0012 0.05 0.05 0.00a 

2.0034 0.05 0.05 0.00a 

DBS 2.0047 0.05 0.05 0.00a 

2.0038 0.05 0.05 0.00a 

DBAD 2.0009 0.05 0.05 0.00a 

2.0016 0.05 0.05 0.00a 

DBAZ 2.0034 0.05 0.05 0.00a 

2.0048 0.05 0.05 0.00a 

DBP 2.0024 0.05 0.05 0.00a 

2.0051 0.05 0.05 0.00a 

DES 2.0008 0.05 0.05 0.00a 

2.0042 0.05 0.05 0.00a 

DEAD 2.0015 0.05 0.05 0.00a 

2.0020 0.05 0.05 0.00a 

DEAZ 2.0041 0.05 0.05 0.00a 

2.0052 0.05 0.05 0.00a 

DEP 2.0034 0.05 0.05 0.00a 

2.0004 0.05 0.05 0.00a 

 
Remark :   a  =  0.0934 N 
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7. Determination of viscosity (ASTM D445) 

 

Viscosity is the unit specifying the resistance to flow; therefore viscosity is 

normally a specific value. 

7 ml of each sample were added into the Viscometer tube, and insert the 

viscometer into the bath. After insertion, allow the viscometer to reach bath 

temperature, Use suction to adjust the head level of the test sample to a position in the 

capillary arm of the instrument about 7 mm above the first timing mark. With the 

sample flowing freely, measure, in seconds to within 0.1 s, the time required for the 

meniscus to pass from the first to the second timing mark. The time of sample used 

was recorded. 

The viscosity was calculated as follows: 

viscosity = Ct 

Ca = Constant of viscometer tube (mm2/s2)              
a=constant values of no.100 of viscometer tube 
(0.01434) 

time = measured flow times for t1 and t2, 

respectively(s) 

 

 

 

 

Table C5 Viscosity of SME, PME and PPDS. 

 

Sample  Time1 (s) Time2 (s) Viscosity (cSt) 

SME 288 288 4.13 

PME 292 291 4.18 

DMS 105 105 1.51 
DMAD 132 132 1.89 
DMAZ 200 200 2.87 
DMP 389 388 5.57 
DIS 147 147 2.11 
DIAD 202 201 2.89 
DIAZ 318 318 4.56 
DIP 629 629 9.02 

Viscosity (cSt) = Ca × time1(s)+time2(s) 
    2 
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Sample  Time1 (s) Time2 (s) Viscosity (cSt) 

DBS 185 185 2.65 
DBAD 242 242 3.47 
DBAZ 347 347 4.98 
DBP 921 921 13.21 
DES 265 264 3.79 
DEAD 350 351 5.03 
DEAZ 360 360 5.16 
DEP 1750 1750 25.10 
 

 

Table C6 Viscosity of SME when blend with 300000 ppm of PPDs. 

 

Additives Time1 (s) Time2 (s) Viscosity (cSt) 

DMS 209 209 3.00 

DMAD 228 228 3.27 

DMAZ 258 258 3.70 

DMP 301 300 4.31 

DIS 233 232 3.33 

DIAD 263 262 3.76 

DIAZ 284 284 4.07 

DIP 318 317 4.55 

DBS 254 254 3.64 

DBAD 228 228 3.81 

DBAZ 308 308 4.42 

DBP 305 305 4.37 

DES 291 291 4.17 

DEAD 312 311 4.47 

DEAZ 319 318 4.57 

DEP 410 409 5.87 
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Table C7 Viscosity of PME when blend with 300000 ppm of PPDs. 

 

Additives Time 1 (s) Time 2 (s) Viscosity (cSt) 

DMS 209 210 3.00 

DMAD 223 222 3.19 

DMAZ 259 259 3.71 

DMP 294 294 4.22 

DIS 233 233 3.34 

DIAD 252 251 3.61 

DIAZ 298 299 4.28 

DIP 310 309 4.44 

DBS 253 253 3.63 

DBAD 262 262 3.76 

DBAZ 303 303 4.35 

DBP 334 333 4.78 

DES 288 288 4.13 

DEAD 262 262 4.47 

DEAZ 313 313 4.49 

DEP 404 404 5.79 
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