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The Suitability of GC-MS Simulated
Distillation as Means to Determine the Boiling
Range of Biodiesel
CJ Schabort and AA van der Merwe

Abstract- The suitability of GC-MS simulated distillation as
means to determine the boiling range of biodiesel is determined in
this study. The study is divided into two sections. Various vegetable
oils and animal fats where an acid- and/or alkali-catalyst can be used
and diluted with an alcohol to produce biodiesel. The produced
biodiesel must meet the SANS 1935:2011 standards where it can be
used for diesel engine automobiles [1]. The first section is known as
the experimental procedure for the production of biodiesel from
various feedstock's and the second section includes the distillation
experiment of the biodiesel. The distillation procedure followed the
same procedure as specified by the ASTM D86 test method. The test
method indicates that the distillation unit must operate at
atmospheric pressure but the distillation experiments were conducted
at ambient pressure of 86.02 kPa for Potchefstroom. The actual
distillation curve and the simulated distillation curve for each
biodiesel were compared in order to see if the simulated distillation
results predict the same boiling points as the actual distillation. This
study has shown that the simulated results obtained from the GC-MS
can be used to determine the boiling ranges for biodiesel but it can
be better accomplished by using vacuum distillation.

Fig 1: Graph of the U.S biodiesel production, exports and
consumption from 2001-2015 [3].

Fig 1 shows that biodiesel production and consumption
have increased considerably since 2010. This can be
explained by an international drive towards cleaner fuels and
a lower dependence on fossil fuel as energy source.
Fig 1 shows that the production of biodiesel has increased
since 2008 and is still increasing all the way. The increase in
the production of biodiesel means that there are more
biodiesel producers entering the market. More biodiesel
manufacturers leads to an increase in the biodiesel production.
Biodiesel is biofuel that is produced from waste cooking
oil, animal fats, and alcohol. Biodiesel can only be used in
diesel engines (compression-ignition engines) [4]. Biodiesel
was first discovered by Rudolf Diesel where he made diesel
from peanut oil at the 1900 World Fair in Paris. After Diesel's
bold effort of making diesel from peanut oil, a French
company performed a run on a diesel engine simply on peanut
oil and it became a success [5]. From there on, countries all
over the world started to make biodiesel from the concept that
Diesel made biodiesel.
Biodiesel standards ensure that all impurities are removed
from the biodiesel so that it cannot damage the diesel engine
or the automobiles filters, as it can be one of the main factors
form damage done to engines. A distillation curve determines
the boiling range of biodiesel. The quality of the biodiesel can
be determined form various parameters in which boiling
points can relate to the quality of biodiesel. A couple of
methods determine this parameter which can be given by the
GC-FID meter. The GC-FID will not be used but will be
replaced with a GC-MS. The GC-MS is a well-trusted type of
testing equipment but there are only a few studies that
compared their result with actual distillation experiment for
this equipment. Another method is by using an actual

Index Terms- Ambient pressure, biodiesel feedstock,
conventional one-step process, conventional two-step process,
distillation, simulated distillation

I. INTRODUCTION

A

ccording to Hammer (as quoted by [2]) the food

versus fuel concept never existed before the mid-nineteenth
century. Due to the improved technology and waste treatment,
waste cooking oil can be reused to produce biodiesel. The
biodiesel production has increased in the last decade to
counter increased crude oil prices and resource depletion in
the past decade. The demand for biodiesel has increased from
2001 to 2015. The increase in the demand for the production
and consumption of biodiesel in the United States are shown
in Fig 1 [3].
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atmospheric distillation column, to plot a distillation curve.
The simulated distillation curve can be compared to the actual
distillation curve in order to see the tendency of each method.
II.

ENERGY

Around 80% of total energy consumption worldwide is
sustained by fossil fuels [7]. Therefore, the depletion of
natural resources will be problematic. As seen in Fig 2, liquid
fuel consumption has increased over the last couple of years
and is expected to further increase up to 2040. According to
[3], a 48% increase in world energy consumption by 2040 is
projected, where fossil fuels will account for around 75% of
the increase.

Fig 3: Statistics regarding the depletion of various natural resources
[12]

Fig 3 shows a projection that natural gas will be depleted
by 2050. The US has consumed around 33 % of natural gasses
in 2015 [10] due to industrial applications and this can lead to
an increasing factor of the depletion of natural gasses. A
sustainable strategy must be developed in order to use less
fossil fuel.
Fossil fuels, as a primary source of energy, directly impact
the world economy [13]. The constant use of fossil fuels
contributes to global warming due to the increase of carbon
emissions into the atmosphere. Carbon emissions into the
environment cause added strain on the economy. Countries
spend a lot of money on the protection of the environment. It
was estimated that the US environmental protection plan has
spent more than 150 billion dollars environmental protection
[14]. A reduction in sources of fossil fuels will add strain to
the society. The constant use of fossil fuels will lead to some
depletion necessitating innovative alternatives. Therefore, of
the use of liquid biofuels could effectively substitute a portion
of the fossil transportation fuels.

Fig 2: World energy consumption by source [8]

A. Natural Resources-Fossil fuels
Fossil fuel consumption has increased due to the increase in
transportation in the process of industrialization. Due to the
high demand for fossil fuels and the negative impact that it
has on the environment, a sustainable strategy must be
implemented for alternative sources of fuels. As already
shown in Fig 2, the demand for diesel fuels will increase in
the years to come and this can lead to environmental impacts
which include CO2 emissions increasing and natural
resources to become depleted.

III. RENEWABLE ENERGY
In 2014 renewable energy contributed around 13.8% to the
worldwide energy supply, [15], with around 10.1% coming
from biofuels and waste sources. [8] projected an annual
increase of 2.6% in renewable sources, such as biodiesel. The
biggest contributor to renewable sources is biofuels,
outranking hydropower [15].
Biofuels are produced from renewable resources and is
environmentally friendly due to biological carbon fixation and
is proposed to be better sources of sustainable energy [16].
There are currently two types of biofuels. The first is primary
biofuels which are produced from unprocessed organic
materials, while the secondary biofuels are processed from
biomass [17]. There are different types of biofuels made from
various renewable resources or chemical reactions [18] are:
• Bioethanol
• Biodiesel
• Bio-methanol
• Bio-butanol

1)Types of fossil fuels
Fossil fuels like coal, oil and natural gas [9], are limited,
necessitating a need for sustainable alternatives. Oil is mostly
used in producing petroleum products. The increase in
population has led to an increase in petroleum product
consumption, explaining the increase in oil demand.
According to [10], it was estimated that oil reserves will be
depleted by 2030 if the consumption and production of
petroleum increases. The consumption of oil reserves at the
end of 2014 was around 1656 billion barrels and this number
has increased around 3.1 times since 1971 [10]. The highest
demand of energy consumption is for non-renewable fossil
fuels. This high demand will be problematic in the future due
to the depletion of crude oil and fossil fuels. Coal is the
second most used energy source around the world [11]. Fig 3
shows a projection of the depletion by 2080 if coal
consumption increases.
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A. Biodiesel
Biodiesel is an alternative source for diesel. First generation
biofuels are produced from oils directly extracted from crops.
First generation biofuels increase the deforestation and have a
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negative impact on the biodiversity [19]. Due to this concern,
the first generation biofuels is not the best option to produce
biodiesel. An example of first-generation biofuels is
sunflower and palm oil. Whereas, second-generation biofuels
are produced from non-food crop feedstock, for example,
organic waste and food crop waste [19]. An example of
second-generation feedstock is waste cooking oil which is
used to produce second generation biofuels. Oils and alcohols
are needed to produce biodiesel. Biodiesel consists of two
types of reaction processes, namely transesterification and
esterification. There are different stages in the production of
biodiesel. The first is to convert the fatty acids into biodiesel
by using the transesterification process and afterward, alcohol
and a catalyst must be used to get a higher biodiesel
conversion. After the fatty acid turns into biodiesel, must the
biodiesel settle to form two layers namely: a biodiesel layer
and a glycerol layer. The layers need to be separated and then
the biodiesel layer must be purified to remove all the
impurities, alcohols and catalysts in the mixture [20].
1)Feedstock
Biodiesel is produced using various feedstocks from
renewable resources. Biodiesel biofuel can be produced from
waste cooking oil (WCO) and animal fats. A vegetable oils
molecule consist of a chemical structure that includes a
glycerol molecule and a fatty acid molecule. Triglycerides, as
the primary product of the reaction of vegetable oil, are esters,
which are formed from glycerol via the process of
esterification to form three hydroxyl groups with fatty acid
chains [22]. Vegetable oils can be characterized by their
physical and chemical properties to produce biodiesel. Table I
shows the chemical and physical properties of different oils in
relation with its fuel related properties which include
kinematic viscosity, cetane number, heating values, cloud
point and flash point.

solid impurities are present in the oil before the esterification
and/or transesterification process begins.
b) Esterification
After the pre-treatment of the oils, the esterification process
can be performed where the FFA's are converted into usable
oils from which biodiesel can be produced. Various methods
can be used in order to convert the FFA's into usable biodiesel
and each method has its own limitations. A well-known FFA
process is acid esterification. Methanol is mostly used
because it cost less than the other alcohols used to produce
biodiesel [4]. Alcohol is needed to transform the triglycerides
into esters. Esterification is where a free fatty acid converts
into an ester by using an acid catalyst with an alcohol where
water is the by-product of this reaction [26]. The product
yield depends on the extent as to which the esterification
process is used to remove FFA's, as the amount of FFA
present affects the transesterification process. The lipids
consist of FFA's and an acid is needed to remove the FFA
from the lipids in order to get esters. A titration method is
used in order to see if there is a high amount of FFA present
in the oil [22]. The product yield depends on the extent as to
which the esterification process is used to remove the FFA's,
as the amount of FFA present affects the transesterification
process [28].
c) Transesterification
The second process is known to be transesterification,
where an alcohol is mixed with alkali catalyst and the mixture
reacts with the fatty acids of the oils. The fatty acid chains
break down and form FAME biodiesel. The transesterification
is the most important part of producing biodiesel and has
around 98% conversion yield [29].
d) Biodiesel production parameters
There are various reaction factors that influence the
biodiesel production and quality. The flowing parameters can
influence the biodiesel production and quality: reaction time,
the type of catalyst and alcohol ratios needed with respects to
the oil feedstock and the reaction temperature.

TABLE I: CHEMICAL AND PHYSICAL PROPERTIES OF OILS IN RELATION WITH
DIESEL RELATED PROPERTIES ([21], [23], [24])

Vegetable oil

Palm
Sunflower
Diesel
requirements

Kinematic
viscosity at
40°C
(mm2/s)
39.6
33.9

Cetane
number

Flash
Point
(°C)

Density
(kg/l)

42.0
37.1

267
274

0.918
0.916

3.00

50-51

55.0

0.920

(1) Reaction Time
According to [31], the conversion of the FFA into esters
increases with the reaction time but the equilibrium state for
the production of biodiesel normally starts around 90 min. A
longer reaction time does not increase the yield of the
product.

Biodiesel can be produced from the above-mentioned oils by
using the transesterification process to convert the FFA's into
esters.
2) The production of biodiesel
a) Feedstock pre-treatment
The impurities produced by free fatty acids (FFA) and
water, in oil feedstock, can affect the biodiesel quality and
thus is pre-treatment needed. The higher the moisture content
of the oil, the higher the likelihood of soap formation taking
place during the transesterification process [25]. One method
to remove the water in the oil is by heating the oil up to 100°C
in an oven or over a heating mantle. Thereafter, the oil must
be filtered in order to ensure that no food particles or large
https://doi.org/10.17758/EARES.EAP1117082

(2) Catalyst
There are various types of catalyst that can be used for
biodiesel production. The catalyst is divided into two groups
namely: heterogeneous and homogeneous. These 2 groups are
divided into different types of catalysts which include: acid-,
alkali, enzymatic and whole cell enzyme catalysts [32].
According to [32] is the homogeneous alkaline catalyst the
most effective catalyst for biodiesel production due to the
high conversion to product in “mild conditions.” Although,
the reaction for homogeneous catalyst is fast must the catalyst
be neutralized and thus can it not be reused or recovered [33].
Acid-homogeneous catalyst is only used if the FFA is less
than 4 %.
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(3) Esterification reaction
For the esterification reaction, an acid catalyst of
concentrated sulphuric acid will be used in order to convert
the FFA's into esters. According to [34], a study was done
where it has been proven that an acid-catalyst of 1 wt. % of
the oil results into a better conversion from triglycerides to
esters.

B. Simulated distillation method
Diesel and biodiesel have the same boiling point
distribution. The boiling point range of diesel is around 180360°C. In this test, method petroleum is used with an initial
boiling point of 100°C and a final boiling point less than 360°
C at atmospheric pressure [45]. The Gas Chromatography is
used to get a calibration curve for the different components in
the boiling ranges of 100-615°C. Calibration values are
needed to simulate the calibration simulation plot in order to
see the tendency of different components and their boiling
points. The ASTM D7213-12 is a test method which uses a
gas chromatography to simulate the boiling range of
petroleum distillates [45]. The solvent for the GC must be a
polar and must not interfere with the sample used in the GC
thus must the solvent have a boiling range smaller than 100°
[45]. The GC must be equipped with a “non-polar open
tubular GC column” with helium or nitrogen as carrier gas
[45]. The sample must be diluted with a solvent which can be
introduced into the GC which vaporizes the sample and
separating the various molecules for the sample. The column
temperature must be raised in order to separate all
hydrocarbons in the mixture. A flame ionization detector is
used to detect the hydrocarbon components with their various
boiling points which are detected on a computer representing
time intervals for different pike areas. The retention times are
used to obtain the boiling ranges for the components and is
plotted on a cumulative curve. In this study, a mass
spectrometry was used in the case of the FID with a large
column than specified.

(4) Transesterification Reaction
Sodium hydroxide and potassium hydroxide as a catalyst
can be used for the transesterification reaction. According to
[35], a 98.0 wt. % yield of the product is obtained when WCO
is used as feedstock with KOH as a catalyst. A 1 wt. % KOH
amount of catalyst is needed for the amount of oil used.
(5) Alcohol
An excess amount of alcohol is needed to obtain a
maximum conversion. According to [31], a conversion of
99.5 % is achieved when an alcohol to oil ratio of 6:1 is used.
According to [36] can a molar ratio of 3:1 of methanol to oil
be used for transesterification.
(6) Reaction Temperature
By increasing the reaction temperatures, the viscosity of the
oils will be reduced which aids with the mixing of the oils
with the alcohol-catalyst mixture but there are limits to where
the methanol starts to evaporate and the catalyst to deactivate.
Normal reaction temperatures is around 50-60 °C [29].

C. Distillation method
Distillation is normally used to separate different products
from a mixture by changes in the phase conditions [50].
Fractional distillation, mostly used for petroleum products
where different volatile products are distilled into a valuable
product. According to [50], fractional distillation is used when
the boiling points of components are very close and each
component is vaporized into the column, where it condenses
into the packing material of the column.
The ASTM D86 standard test method is used in order to use
the distillation of petroleum products under ambient pressure
of 86.02 kPa [51] for both the biodiesel and diesel. The
standard was adapted for this study in order to obtain the
results. ASTM D86 indicates that the specimen with the
sample must be operated in the same conditions as to which
the sample conditions are indicated [52]. The distillation can
be performed at ambient pressure under conditions that
replicates one theoretical plate where the different
temperature ranges can be observed. The volumes/mass and
temperature readings must be done incrementally. The results
must be plotted as percentage evaporated distillate vs the boil
off temperature (this is also known as the distillation curve)
[52].

(7) Mixing Speed
The mixing speed of the reagents can cause the yield of the
product to decrease. The alcohol and oil mixture are not
miscible and if the reaction speed is too slow will the two
reagents not mix in order to convert the oils into esters [31].
3)Post-treatment Separation process
After the production of biodiesel, the settling of glycerol
and biodiesel initiates. The two layers separate because of a
difference in density and polarity. Glycerol is soluble in water
whereas, biodiesel is hydrophobic [42]. After the separation
step, the biodiesel can be polished. Wet washing can be used
to purify the biodiesel so that the turbidity value of the
biodiesel becomes smaller.
4)Quality of biodiesel
According to the [45], the D7213-12e1 standard test
method for the boiling range of petroleum distillates cannot
be used for “materials containing heterogeneous
components”, such as esters. The quality of biodiesel is the
utmost important aspect of selling biodiesel to the market.
According to [3] and [47], the following characteristics are
important when evaluating the quality of B100 (100% pure
biodiesel):
TABLE II: SABS CRITERIA FOR B100 [48]

Parameter
Density at 15°C
Cetane number min
Ester content
Contamination

IV. OVERVIEW OF THE STUDY

Range
860-900 kg/m3
51.0
96.5 wt%
24 mg/kg

https://doi.org/10.17758/EARES.EAP1117082

The main study in this project will be to compare the
simulated distillation (ASTM D7213) with the atmospheric
distillation (ASTM D86) results for different categories of
biodiesel. The objectives for this study is as follows:
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TABLE V: WATER CONTENT OF FEEDSTOCK

1. Produce biodiesel from various feedstock's, including
waste cooking oil, palm oil and sunflower oil. Analyze each
feedstock for the fatty acid content in order to determine if the
esterification step must be done first to eliminate all
carboxylic acids before the transesterification reaction.
2. Analyze the biodiesel product to ensure that the SANS
specifications are met.
3. Compile a distillation curve for the various biodiesels
using actual distillation.
4. Compile simulated distillation curves for each biodiesel
using the GC-MS results.
5. Compare the actual distillation with the simulated
distillation results. The actual distillation is done 3 times for
each experiment in order to get the average result for this
study

Feedstock:
Sunflower
oil
Palm oil
WCO

The experimental procedure for this study is conducted in
this chapter.
Materials
1)Feedstock
A list of feedstocks used are given in Table III.
Purpose
Feedstock for biodiesel production
Feedstock for biodiesel production
Feedstock for biodiesel production
Feedstock for distillation

B. Biodiesel production from various feedstock's
The experimental method for the production of this study is
discussed in this section. This includes the analyses of the
feedstocks and the preparation of the feedstock before it is
mixed with the alcohol-catalyst mixture. Thereafter, the
experimental method of the biodiesel production will be
discussed. [37] - [41] was used to indicate the amount of
catalyst and alcohol needed for the production of the
biodiesels from the various feedstock's.
1)Characterization of feedstock's
Each feedstock used for this experiment has been analyzed
in order to determine if the production must be a two-step
reaction and the amount of water present in the feedstock.
TABLE IV: FFA VALUES FOR FEEDSTOCKS

FFA value
1%
3.44 %
4.57 %

An FFA value of larger than 4 % is used to produce biodiesel
via esterification. Thus to conclude, the WCO biodiesel was
produce using the two-step reaction. The water content values
for all three feedstocks was high and thus pre-treatment was
used in order to reduce the water content of the oil.

https://doi.org/10.17758/EARES.EAP1117082

0.08

804.4

D. Biodiesel production
After the feedstock pretreatment, the production of the
biodiesel can commence. Firstly, all reagents must be
prepared. The oil feedstock has cooled off and the measuring
of both the catalyst and the alcohol is done. For the WCO an
acid-catalyst was used due to the high FFA value. Both the
sunflower- and palm biodiesel was produce only on
transesterification. The esterification reaction method is
explained a thereafter, the transesterification method follows.
1)Experimental set-up
The following apparatus was used in order to produce the
biodiesel for this study:
• 2 L three-neck round bottom-flask
• Thermometer
• Liebig condenser (known as a reflux condenser)
• Heating mantle
• Magnetic stirrer
• Separating funnel
2)Experimental procedure
I. Esterification
The main objective of the WCO biodiesel production was
to firstly reduce the FFA value by using an acid catalyst and
thereafter using an alkali catalyst to convert the oil into
biodiesel. The esterification process used H2SO4 as a catalyst
and the catalyst was diluted with methanol in order to mix it
with the oil. In order to make the oil less viscous, the oil was
firstly heated to 65°C. A 1 wt. % catalyst was used and
diluted with a 6:1 methanol to oil ratio and the mixture was
mixed with the WCO inside the 2 L flask. The catalyst was
measured by using a balance. The 2 L flask, filled with the
reagent mixture was placed on a heating mantle and a
magnetic stirrer was used to stir the mixture at 400 RPM for 1
hour at a temperature of 65°C. Table VI shows the amount of
catalyst, alcohol and oil used for each reaction.

TABLE III: FEEDSTOCK'S USED FOR EXPERIMENTS

Feedstock:
Sunflower oil
Palm oil
WCO

Water content (ppm)
408.9

C. Feedstock Preparation
Each feedstock used to produce the biodiesel for this study
is treated before mixing the oils with the alcohol-catalyst
mixture.
Each feedstock must firstly be filtered in order to remove all
large particles, especially the WCO. A Buchner funnel filter is
used under vacuum conditions in order to filter the oil. Each
feedstock was then placed in a pot and an oven was used at
100°C for 1 hour to evaporate most of the water present in the
oil. Occasionally, the oil was stirred and placed back into the
oven. Thereafter, the pot is removed from the oven and placed
on the counter to cool off.

V. EXPERIMENTAL METHOD

Component
Sunflower oil
Palm oil
Waste cooking oil
Biodiesel

Water content (%)
0.04
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TABLE VI: AMOUNT OF USED REAGENTS AND WCO FOR THE ESTERIFICATION

A. Distillation
1)Experimental setup
The following apparatus was used in order to complete this
experiment:
 50 mL double-neck heart-bottom flask
 Liebig condenser
 3x 30 mL mL bottles
 2x thermocouples with a temperature indicator
 Heating mantle
 Scale
A 50 mL heart-bottom flask was used and covered by a
heating mantle. To prevent external cooling on the distillation
unit was insolation used. The 50 mL flask was filled up with
liquid and boiling stones was inserted into the heating mantle.
A Liebig cooler was connected to the flask and two
thermocouples were connected to the setup. The one
thermocouple was connected to the flask and the other at the
top of the Liebig cooler. Both thermocouples were connected
to a detector in which the temperature was transmitted to the
control unit in order to see the temperature for the unit.
Measurements of both the top and bottom temperatures were
measure at different time intervals.
2)Experimental procedure
Firstly each empty 30 mL bottle was weighed. The 2 L flask
was filled with biodiesel until ¾ of the flask was full. A few
boiling stones were used in order to prevent the liquid from
boiling over. The flask was placed in the heating mantle and
the reflux condenser with the packing was connected to the
flask. Both thermocouples where connected to their respective
positions and the first 30 mL bottle were connected to the
vapor outlet tube. External cooling such as water was firstly
used to condense the liquid in the reflux tube but due to a
large internal reflux and external reflux the water source was
switched off. Thus, due to high condenser duty too little
distillate was formed. Insolation was used in order to prevent
external reflux in the column. The heating mantle was
switched on by turning the temperature knob above the light
blue zone. Both the time and temperatures were measured.
After the temperature of the bottom liquid was at 100°C, the
mantle was set to a higher setting in order to increase the
temperature. Do not put the mantle to its maximum heat
setting because cracking of the diesel will occur. When the
bottom temperature of the liquid was around 250°C the liquid
was starting to boil and the top temperature was increasing. If
the temperature at the top of the distillation unit reached 250
°C, the mass readings was done for different temperature
measurements. If the 30 mL bottle was full before the set
temperature was reached, the bottle was replaced and a
temperature and mass measurement was done. When the
liquid level in the flask was low, the mantle was switched off
and the final measurement of the top and bottom temperatures
were done. The final mass measurement was normally done
after 30 min since the mantle was switched off because some
overhead vapors in the column were still present.

REACTION

Reagent
Oil
Methanol
Catalyst

Amount used
0.8 L
0.2 L
7.36 g

VI. TRANSESTERIFICATION
For the sunflower oil and palm oil a one-reaction
transesterification process was used whereas for the WCO a
two-reaction process was used. The transesterification process
converts the FAME into esters by using KOH as a catalyst.
The catalyst was diluted using methanol. The oil was again
heated up to 65°C and the catalyst-methanol mixture was
mixed with the heated oil. More methanol and KOH was
needed for the WCO in order to neutralize the acid catalyst
from the esterification reaction. The transesterification for all
3 feedstocks was set at 60°C for 90 min. A magnetic stirrer
was used to mix the components and the speed was set to 750
RMP. Table VI shows the amount of catalyst, alcohol and oil
used for each reaction.
TABLE VII: AMOUNT OF USED REAGENTS AND FEEDSTOCK FOR THE
TRANSESTERIFICATION REACTION

Feedstock
Sunflower
oil

Reagent
Oil

Amount used
1.34 L

Methanol
Catalyst

0.2 L
14 g

VII. BIODIESEL POST-TREATMENT
To produce biodiesel, the unreacted oil was converted into
biodiesel and glycerol. Due to the difference in polarities the
biodiesel layer and the glycerol layer was separated and the
glycerol layer was removed. A separating funnel was used to
remove the glycerol from the crude biodiesel. Distilled water
was then heated to 70°C and then used to wash the crude
biodiesel. The washing process was done 3 times (it can be
done more than three times unit the water that is separated is
clear enough) and the water-biodiesel mixture was mixed in
order to separate most of the impurities from the crude
biodiesel. The washing process was done every 3 hours in
order to give enough time for efficient separation between the
two components. After the water wash, the drying of the
biodiesel can commence. A flask, filled with biodiesel was
placed on the heating plate at 102°C while stirring the
biodiesel rapidly for 2-3 hours. Afterwards, sample
preparation was done for the biodiesel analyses.
IV Analyses of the biodiesel
The analysis was done on each biodiesel produced. ISO
3104 test method was used to indicate the dynamic viscosity
where the kinematic viscosity is calculated. ISO 2719 was
used to determine the flash point of the biodiesel. In order to
indicate the acid value of the biodiesel was the SANS 54104
test method used. The Karl Fisher method (ISO 12937) was
used to determine the water content in the samples [48].
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B. Analyses of the distillation
1)GC-MS
Agilent Technologies 7890 A (GC-MS) was used in order
to obtain the simulated distillation results for each component.
A VF-5ht column was used with a length of 30 m, diameter of
0.25 mm and a film thickness of 0.1µm. A 10:1 split ratio was
used with an injection volume of 1µL. The GC-MS was also
used to determine the composition of each molecule present
in the sample.
Apparatus:
• GC-MS
• Sample bottle
• Balance
Reagents and materials of GC-MS:
• Carrier Gas: Helium
• Dilution: dichloromethane
Firstly, the samples was filtered before measuring the
amount needed for the GC-MS. Around 0.02 g of the filtered
sample was needed with 1 mL of dichloromethane to dilute
the sample. The sample was injected into the system and the
column oven temperature increased at a linear rate in order to
vaporize the sample and separate the molecules effectively.
Retention time and pike areas was displayed on the computer
in which the retention times for known components was
compared to their boiling range. The retention times of known
hydrocarbons were used in order to plot the simulated
distillation plot for biodiesel. Table VIII shows the standard
retention times used to plot the biodiesels simulated
distillation plot.

1)Analysis of the various biodiesels
TABLE IX: BIODIESEL ANALYSIS

Biodiesel

Viscosity
(mm2/s)

Flash
Point
(°C)

Density
(kg/m3)

Water
content
(ppm)

145.0

Acid #
(mg
KOH/
g)
0.11

Sunflower
biodiesel
Palm
biodiesel
WC
biodiesel
Biodiesel

4.077

883

0.03

4.432

145.0

0.24

880

220.8

3.950

155.0

0.49

886

796.5

4.432

203.7

0.58

896

143.7

The WCO biodiesel had a high water content amount which
was rectified by placing the biodiesel inside an oven at 100°C
for 3 hours in order to remove the excess water in the product.
All the other requirements mentioned in this section meets the
SANS 1935:2011 standards and the quality of the biodiesel is
within the ranges of the SANS 1935:2011.
B. Distillation
The distillation resulted in much better results with only an
average volume of < 5.47 wt. % left as residue, which means
coke formation still occurred, but at a much lower rate. In Fig
4 the simulated distillation results are shown alongside the
experimental distillation results.

TABLE VIII: KNOWN HYDROCARBON RETENTION TIMES USED

Component
Name

Component
Number

Retention
Time (min)

Nonane
Decane
Undecane
Dodecane
Tridecane
Tetradecane
Pentadecane
Hexadecane
Heptadecane
Octadecane
Nonadecane
Eicosane
Heinecosane
Octadecanoic
acid

C9
C10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
ODA

5.310
8.493
11.664
14.618
17.020
19.599
22.159
24.351
26.637
28.586
30.531
32.380
34.184
36.065

Boiling Point
(°C) at 86.02
kPa
145
168
188
208
228
246
262
278
294
307
320
333
345
361

Fig. 4: Experimental distillation plot in terms of simulated distillation
plot for biodiesel (× Run 1 ▲ Run 2 ● Run 3 ♦ Simulated results)

Fig 4 shows that the experimental runs have tended to have
the same tendency as the simulated distillation results. An
average experimental error of 1.85 % was obtained for the
distillation experiment for the biodiesel. Run 1 has a large end
boiling range as the simulated distillation results and this
occurred due to cracking in the molecules whereas, run 2 has
a lower boiling temperature at 62% than for run 1. An average
of <1 % was predicted for the simulated distillation results
with respects to the experimental results. All these results
show that cracking of the molecules have occurred but the
amount of coking left was a smaller fraction as in the large
fractional distillation unit. The experimental distillation
results are shown in Fig 5 for the sunflower biodiesel
produced.

VIII. RESULTS & DISCUSSION
A. Biodiesel production from various feedstock's
In this section, the quality (according to [48]) of the
biodiesel produced is discussed.
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Fig 6 indicates that a higher boiling range for run 1 was
obtained than for the other two runs. Run 1 started at a boiling
range of 346°C. This high boiling range shows that cracking
has occurred in the earlier stages of the distillation
experiment. Run 2 and 3 tend to have the same tendency but
run 3 has lost a lot of weight due to the formation of coke.
Run 3 has formed 9.39 g of coke after the distillation
experiment. Coke formation was caused by the cracking of
the biodiesel molecules. A higher boiling point for the C16:0
was obtained and due to its higher boiling point was cracking
for the last molecules observed. Due to coking, more than 20
wt. % of all three runs is lost and could the last two
components not be reached at their respective boiling ranges.
Run 1 has distilled 9,12-Octadecadienoic acid at a boiling
range of 356°C with a 77 wt.% whereas for the simulated
results thus the same component boils off at 357°C at 93.61
wt.%. It is also possible that both 9, 12- Octadecadienoic acid
and 9-Octadecadienoic acid could have been boiled off at
356°C for run 1. Run 2 and run 3 has a smaller weight
percentage due to a large residue fraction left in the flask. All
the three experiments showed that it has the same distillation
curve as the simulated results. The experimental results is an
average of 6.31% out of range from the simulated distillation
results. More than 30 wt. % was lost during the experiments
due to coke formation. Coke formation has caused that a
higher error for the experimental results in terms of the
simulated results.

Fig. 5: Experimental distillation plot in terms of simulated distillation
plot for sunflower biodiesel (× Run 1 ▲ Run 2 ■ Run 3 ♦ Simulated
results)

Fig 5 shows that the boiling range for run two started at a
lower temperature than the simulated data. An average
experimental error of 2.21 % was obtained for this
experiment. At 345°C, all the experimental results are located
in the same range as the simulated result. The last data point
for the simulated results is located at 372°C. Due to coke
formation, 3 experiments had not reached the boiling range of
372°C. Water formed during the distillation for the first run.
The possibility for water formation during the distillation
experiment is due to cracking of the molecules. As explained
before does cracking cause that molecules tend to become
shorter-chain molecules. Esters consist of hydrogen, carbon
and oxygen molecules and cracking causes that the hydrogen
bonds between the molecules becomes weaker. This has been
proven by using copper sulfate and testing the components
present in the sample taken from the overhead distillates. This
shows that the cracking of molecules occurred in the biodiesel
and that the hydrogen bond between the molecules has
become weaker and water molecules formed during the
distillation process. The water test indicated that the lower
layer is thus water present in the sample. The top layer was
tested with the GC-MS in order to indicate the molecules
present in the sample. A large amount of furan was indicated
in the sample. The GC-MS results showed that there is still
esters present in the sample and thus is the separation between
the water and ester layer observed. An average of 3.56 %
error was calculated for the average distillation results in
terms of the simulated distillation results. Thus is the
experimental results around 3.56 % out of range from the
simulated distillation results.
Figure 6 shows the boiling temperatures for the palm oil
biodiesel. An average experimental error was calculated as
2.78 % for the distillation of the palm biodiesel.

Fig. 7: Experimental distillation plot in terms of simulated
distillation plot for WC biodiesel (× Run 1 ▲ Run 2 ■ Run 3 ♦
Simulated results)

Figure 7 shows the results obtained for the WCO biodiesel
distillation. An average experimental error for the WCO
distillation was calculated as 2.91 %. The first run for this
experiment showed that the last distilled component was
reached at 340° with 60.8 wt. % due coke formation. Both the
second and the third run ended at a boiling temperature of
335° and 347°C. Fig 7 represent that for WCO the
experimental results tend to be lower than for the simulated
results. The WCO biodiesel experiments tend to be lower than
the simulated distillation plot. This leads to lower boiling
ranges for the WCO biodiesel. Run 2 and 3 has a larger end
weight with less coke formation formed at the end of the
experiment. Although the column was insolated could the
insolation not have been 100% efficient due to external reflux

Fig 6: Experimental distillation plot in terms of simulated distillation
plot for palm biodiesel (× Run 1 ▲ Run 2 ■ Run 3 ♦ Simulated
results)
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preventing the molecules to become vapors and have led to
cracking of the molecules leading to a large amount of coke
formation. Fig 4-7 shows the predicted error for the simulated
distillation results with respects to the average experimental
results obtained. The error between the average experimental
results is around 3.79 % out of range from the simulated
distillation results.
Fig 8 represents all the actual distillation experiments done.
As can see in Figure 8 do all experiments follow the same
tendency except for the WCO BD run 2 and the palm BD run
3. This is led by cracking in the biodiesel molecules which
tend to change the boiling temperature for the experiment.
The palm BD run 3 has started at a lower boiling temperature
as the rest of the experiment whereas the WCO run 2 has had
a large end temperature but also has the largest amount of
weight present in the distillate.

methanol to oil ratio of 6:1. A 1 wt. % catalyst was used for
both the acid- and alkali reaction. A 2 wt. % of KOH was
used for the palm oil due to a large FFA value obtained. An
average of 60 min was used for each reaction and an
induction test was done in order to indicate if any unreacted
oil is still present in the reaction during the reaction time. This
indication test uses 9 mL of methanol with 1 mL of the
biodiesel sample. This test is only used during the production
of the biodiesel. Viscosity, water content, and the flash point
helped to indicate if the biodiesel produced is according to
SANS standard. Each parameter used to test the quality of the
biodiesel has met the quality standards and thus can the
distillation experiments commence.
ATSM indicates that heterogeneous components such an
ester cannot be used for the simulated distillation plot.
Various retention times of known hydrocarbons are used in
order to get the boiling range for biodiesel. A simulated
distillation plot for the biodiesel is plotted and compared to
the actual distillation results. The distillation unit location was
also changed due to vapors forming during the experiment.
A small experimental error was calculated for the distillation
experiments. Each distillation experiment has been done 3
times in order to optimize the results obtained.
The end result has shown that the actual distillation for
biodiesel can be compared to the simulated distillation
because all the experiments done for this experiment have
shown to obtain the same tenancy as for the simulated
distillation. There is an experimental error obtained for each
experiment due to factors that could not have been controlled
during the experiments such as environmental temperatures
causing that a higher amount of energy is needed to boil the
biodiesel. Cracking is caused by the formation of short-chain
molecules and lower boiling temperatures was indicated for
these molecules. All the biodiesel experiments began at lower
boiling pressures as indicated by the simulated distillation
curve due to cracking. Although coke formation had occur
during each experiment was is a small enough percentage to
prove that simulated distillation can be compared by actual
distillation for biodiesel produced from various feedstocks.

Fig. 8: All biodiesel distillation experiments
Fig 8 represents all the distillation experiments obtained.
Figure 8 shows that all biodiesels used have the same
distillation plot. Thus can biodiesel be used to compare the
simulated distillation results with the actual distillation
results. To conclude this section, all graphs for the small
distillation unit tend to have the same curve as for the
simulated distillation. Thus can heterogeneous components,
such as esters be used to compare the simulated distillation
results with the actual distillation results but due to cracking
in the molecules can some biodiesels tend to have a lower or
higher boiling temperature due their oxidation stability for
each feedstock.
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