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Abstract: This study investigates the composition and fuel parameters of a fuel blend of aqueous
ethanol and gasoline, with RONs (Research Octane Numbers) of 90 and 92, called pertalite and
pertamax in Indonesia, respectively. The emulsion fuel blend of gasoline and ethanol was prepared
successfully, and the concentrations ranged from 80 to 98% (v/v). The steps employed in this work are
as follows: first, the fermentation of sugar tapped from a palm tree (Arenga pinnata). The obtained
liquor containing ethanol was distilled using a reflux still to separate ethanol and water. The purity of
the ethanol obtained from the reflux process ranged from 80 to 96%, depending on the column
temperature set. Ethanol solutions of 97 and 98% purities were obtained through an absorption
method employing lime particles. Subsequently, aqueous ethanol was blended with gasoline manually
inside a flask. It was discovered that the minimum ethanol concentration, which could be blended with
pertalite to form a single-phase substance, was 80%. By using 80% ethanol in the blending process,
the composition ratio of pertalite, pure ethanol, and water was recorded as 1:11.65:2.91 (in volume
unit), while this was not the case with pertamax. The minimum ethanol concentration that could be
blended with pertamax to form a single-phase emulsion was 88%, with a composition ratio of
1:5.91:0.81. The composition proportions of the three components with 96% ethanol were 1:0.27:0.01
(RON 90) and 1:0.41:0.02 (RON 92). It was observed that the higher the ethanol concentration, the
less the amount of ethanol required for the blending process with gasoline to form a single-phase
emulsion.
Keywords: composition, emulsion, ethanol, gasoline

1. Introduction
Currently, scientists are devoting intensive effort to the conversion of renewable resources,
including lignocellulose (biomass) into valuable materials, such as ethanol [1-2], sugar [3-5], gas [6]
and hydrogen [7]. The biofuels derived from these materials, which provide renewable energy, have
been investigated to overcome the issue of decreasing reserves of fossil-based fuels [8-11].
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Emulsion fuel was invented some years ago and has since been applied in heat machines. However,
it has not been utilized globally because it is expensive. The most challenging aspect of developing an
emulsion fuel is the global unavailability of raw materials for ethanol production.
Only the United States of America and Brazil have succeeded in producing emulsion fuels,
particularly gasohol, on account of their abundant corn and sugarcane productions [12-13].
Meanwhile, Indonesia has reported the most success with the usage of blended fuel, diesel, and
biodiesel derived from palm oil [14].
Absolute ethanol is generally used in alcohol–fossil-based oil blends, and it is prepared through a
complicated technique, which makes it more expensive than gasoline [15].The fuel blends, particularly
gasohol, is employed as the primary energy source in Brazil and has been integrated into the nation’s
economy and social development [16]. Through national policies, the country strives to achieve oil
exportation to increase revenue and enhance the rural areas’ economy by widening the sugarcane
industry.
The ethanol and gasoline fuel blend should be well understood in terms of its characteristics,
performance, and the gases emission in machines, particularly the spark-ignition engine, which was
investigated by previous works [17]. Generally, employing 10% ethanol in fuel blends results in
improved performance. However, the CO2 emission is higher than that for pure gasoline, while
reduced CO emission is achieved.
Another research reported similar trends, in which the performance of an engine employing an
ethanol and gasoline blend (10% and 20% (v/v)) increased, while emission decreased [18]. The
separative property of the gasoline and ethanol fuel blend has also been investigated, as reported by
previous authors [19].
Investigations into the application of gasoline and ethanol blends as fuel have been conducted and
reported recently. The tolerance of the water content in fuel blends contained in a tank altered the
temperature 283.15, 293.15, and 313.15 K [20]. The result showed that the lesser the fuel content in
the container, the smaller the ethanol and water contents detected due to their polarity. The emulsion
fuel blend of gasoline, and ethanol, was developed and applied in a heat machine as previously
reported [21]. The work investigated the performance and emissions of a machine using a blended fuel
mixture of ethanol and gasoline while also comparing them with those of the engine using pure
gasoline.
A study on the emulsion fuel blend of ethanol and gasoline with a RON of 88 was conducted
previously [22]. Authors [23-24] reported obtaining a blended fuel (gasoline and ethanol) with a
technical ethanol concentration of 96%. Increasing the amount of ethanol in fuel could increase the
research octane number (RON), substance density, and kinematics. When the ethanol content in fuel is
decreased, the API gravity and heat quantities are also reduced, while other properties such as cloud,
flash, and fire points are increased.
The present study investigates the compositions of gasoline with RONs of 90 and 92, and aqueous
ethanol formed in a single phase. This work started with the fermentation of sugar tapped from an
Arenga pinnata tree. It proceeded with the separation of water and ethanol by distillation using a reflux
separator, where the equipped column was packed with natural materials.
The ethanol concentrations were varied from 80 to 96% and were influenced by the column
temperature. Conversely, ethanol solutions of 97 and 98% concentrations were obtained by an
adsorption technique. Each aqueous ethanol was blended with gasoline until all the components
combined to form a single-phase stable emulsion.

2. Materials and methods
2.1. Materials preparation
Ethanol (80-96 % v/v) was derived from Arenga pinnata which sugar, which was fermented
employing a reflux distillation. Meanwhile, ethanol 97-98% were obtained by using a sieve molecule
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technique using an activated lime. Gasoline (RONs of 90 and 92) were purchased from The State Oil
and Gas Company of Indonesia (PERTAMINA).
2.2. The blending
Firstly, gasoline with RONs of 90 and 92 was poured into 7 mL flasks; afterward, ethanol was
added gradually until a uniform single-phase mixture was obtained. Initially, two components could be
discriminated against from the mixture; however, as the ethanol composition increased steadily, the
gasoline component decreased until an indistinguishable uniform blend was obtained. All data
collected were observed at the atmospheric condition and temperatures were ranged 25-33oC.
The volume of the aqueous ethanol was obtained by calculating the difference between the total
and the initial oil volumes. The amount of pure ethanol was obtained by multiplying its percentage
with the volume of the aqueous ethanol, water as its residual difference. The blending process was
initiated by adding 98% ethanol to gasoline.
The aqueous ethanol was added gradually while gently shaking the flask until a single phase of
aqueous gasohol was formed. In this case, 0.05 mL of aqueous ethanol was required; therefore, the
amount of pure ethanol was calculated by multiplying of the percentage (vol.%) ethanol and its volume
(0.98 x 0.05 mL = 0.048 mL), while the water content was the volume difference between aqueousand pure ethanol (0.05 - 0.048 mL = 0.01 mL).
The compositions were defined as the volume ratios of the gasoline, pure ethanol, and water. The
volume of the three components was divided by that of the gasoline to simplify the values. The
minimum ethanol volume in the compositions was required to form a single-phase blend with gasoline,
which will be explained entirely in the Discussion section. Similar procedures were carried out for all
the ethanol solutions with different concentrations.
2.3. Instrumentation and measurement
All the parameters used in this study were measured as recommended by the American Society for
Testing and Materials (ASTM). The experiments were conducted at the Oil and Gas Laboratory,
Energy and Mineral Polytechnics, Cepu Blora Central Java, and at Samarinda Polytechnics, East
Kalimantan Indonesia.
The parameters characterized are as follows: density (15 °C; D4052; Koehler; New York USA ),
RON (D2699, D2700, and D613), viscosity (40 °C; D445; KV1000; Kohler; New York USA), ASTM
color (D1599; K13200 petroleum colorimeter; Koehler; New York USA), flash point PMCC (D93;
Electric Pensky–Martens; SDM Torino, Italy), Reid vapor pressure (D323; Koehler; New York USA),
pour point (D97; Lawler manufacturing company; Indianapolis USA), and distillation (D86; Koehler;
New York USA).
The aqueous ethanol concentration was 96%. The instrument used for RON, MON, and (R+M)/2
measurements had the Octane Analyzer (K88600 Koehler Company).
2.4. Triangular analysis
The template of the triangular graph was obtained freely online from http://www.phasediagram.
dk/download/TriangularExcelTemplate.htm. The proportions of the three components, gasoline, pure
ethanol, and water, were substituted in the template and analyzed.

3. Results and discussions
3.1. Compositions of the gasoline (RON 90/92)-pure ethanol-water
The prepared fuel blends can serve as substitutes for fossil fuel, which is still the primary energy
source for cars and industrial engines. Indonesia is on the brink of an energy crisis since it is a major
global importer of fossil-based oil. Besides, petroleum and coal are the most significant contributors to
CO2, which causes global warming.
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Ethanol, derived from renewable resources such as sugar, starch, and cellulose, is an optional
component of blended fuels, which can serve as a substitute for fossil fuel. Thus, ethanol utilization
can decrease CO2 emissions in the atmosphere. The most important advantage is that the gases emitted
by an engine powered by blended fuel can be recycled by planting trees, which also act as sources of
raw materials.
The utilization of the mixed fuel with a high concentration of aqueous ethanol is challenging
because most of the engines in use were designed and constructed to function only on pure petroleum;
however, if the blended fuel must be used, the percentage of ethanol must be below 10%.
Table 1. Compositions of the blended fuel of gasoline (ron 90), pure ethanol,
and water in a single-phase solution

Therefore, it is necessary to design new engines, which can be powered by fuels with high ethanol
content and a small amount of water. The application of the blended fuel, gasoline, and alcohol
(gasohol) requires that the purity of ethanol is at least 99.5%. The most severe problems are the high
cost of preparing absolute alcohol and the fact that technology is currently undergoing development.
However, the problem can be solved by employing aqueous gasohol whose ethanol concentration
is below 96%; moreover, the technology for such an application is well-established and can be applied
in small industries, villages, and remote areas.
The present finding leads to the introduction of the new fuel blends of gasoline and aqueous
ethanol, which is considered cost-effective. The gasoline with RONs of 90 and 92 was mixed with
aqueous ethanol to produce a new single-phase substance called aqueous gasohol, as shown in the
table below.
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Table 2. Compositions of the blended fuel of the gasoline (ron 92), pure ethanol,
and water in a single-phase solution

The ethanol obtained had purity levels between 80 and 96% depending on the set column
temperature. Ethanol solutions whose concentrations were in the range of 97–98 were obtained
through an adsorption technique using lime particles.
The blending technique between gasoline and ethanol was simple, and it did not require a synthetic
surfactant, which was expensive. The process was initiated by preparing the gasoline, ethanol, and
flask used. If ethanol with a specific concentration was not available, the one with the relatively high
purity was mixed with water. The next step was the blending of gasoline and aqueous ethanol
manually.
The compositions (in volume unit) of the gasoline (RON 90)-pure ethanol-water mixture blended at
room temperature, 25 – 33oC into single-phase aqueous gasohol are displayed in Table 1. When 98%
ethanol was used in the blending, the composition ratio of gasoline, pure ethanol, and water were
7:0.048:0.01, which was simplified and written as 1:0.007:0.001, after rounding the values. By
adopting a similar procedure and using 97, 96, and 95% concentrations, the compositions of the
components changed significantly to 1:0.130:0.004, 1:0.270:0.011, and 1:0,400:0.021, respectively.
When ethanol of low purity was used, a significant amount of ethanol was added to gasoline to
form the emulsion, as shown in Tables 1 and 2. There were apparent differences between the oils
whose RONs were 90 and 92, in response to the addition of low-purity ethanol. At concentrations of
95 and 94%, the amounts of ethanol required to form single-phase substances with gasoline of RON 90
were 2.85 and 5.64 mL. In contrast, those with gasoline of RON 92 were 10.45 and 13.16 mL,
respectively. If expressed in terms of the compositions, which are described above, they can be written
as 1:0.400:0.021 and 1:0.800:0.051, as well as 1:1.493:0.079 and 1:1.880:0.120, respectively. The 93%
aqueous ethanol, gasoline (RON 90), pure ethanol, and water formed an emulsion with a
1:1.300:0.100, while the mixture with gasoline (RON 92) had a composition ratio of 1:2.391:0.180.
The present invention was tailored so that the gasohol formed in a single phase must have the exact
composition of gasoline and aqueous ethanol, or gasoline, pure ethanol, and water. If the amount of
ethanol is less than the minimum composition as described in Tables 1 and 2, a single-phase will not
be formed. However, if the amount of ethanol increases continually from the state of a single-phase
emulsion, the components constituting the gasohol will not be separated.
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Figure 1. Triangular graphs of gasoline (RON 90)-ethanol-water
under atmospheric condition

As shown in the data, the ethanol concentration change significantly influences the composition or
amount of gasoline, ethanol, and water. The 1.94 mL ethanol with a 97% concentration, for example,
requires 7 mL of gasoline (RON 92) and 0.06 mL to form a single-phase aqueous gasohol substance.
If the concentration is decreased to 96%, the volume of ethanol needs to be increased to 2.88 mL,
and that of water increased to 0.12 mL. The extreme increase occurs when using 95% ethanol, whose
volume and water are 10.45 and 0.55 mL, respectively. The dissolution of aqueous ethanol in gasoline
depends on its purity. The purity at 80% concentration is the minimum allowed for the formation of a
single-phase emulsion. At a concentration of less than 80%, the ethanol dissolution with gasoline is
stopped owing to the imbalanced forces between the water weight and attractive molecular strength.
The gravitational force acting on the water molecules between aqueous ethanol molecules is greater
than the partial attractive force acting between the polar poles of the gasoline and ethanol molecules.
The lesser the uniformity of the pure ethanol and gasoline blend, the lower the possibility that a singlephase emulsion (gasohol) of aqueous ethanol and gasoline forms.
As seen from the data shown in both tables, there is a significant difference in the amounts of
aqueous ethanol dissolved in gasoline RON 90 and RON 92. Generally, the composition of ethanol
dissolved in gasoline RON 92 is higher than that in RON 90. The fuel blends measured were gasoline
(RON 90)-ethanol-water and gasoline (RON 92)-ethanol-water whose compositions were 70.03, 28.78,
and 1.19%; and 78.06, 21.08, and 0.86%, respectively for ethanol 96%.
Since the blended fuels in this work do not require absolute ethanol, the chain of procedure on an
industrial scale is not complicated. To produce aqueous ethanol, the distillation columns have to be
installed in locations close to the raw materials' sources, such as palm, tubers, corn, or cassava
plantations. The farmers can directly produce the aqueous ethanol from a yeast-treated liquor to reduce
the cost of liquor preparation. The price of a reflux column with a diameter of 4 in and length of 2 m,
made from a magnetic SS, is about US$ 1200 per unit, including the boiler and its construction. The
farmer should sell the product directly to the industry without third parties.
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Figure 2. Triangular graphs of
gasoline (RON 90)-ethanol-water
(A) and gasoline (RON 92)ethanol-water, under atmospheric
condition

The techniques used, i.e., fermentation and distillation, are well established, and they do not require
high-precision instruments; therefore, scaling up the present product would be met with stiff
competition. The steps in industrial-scale production are summarized as follows: preparation of raw
materials, yeast treatment of the sugar hydrolyzed from starch-based biomass, and distillation to
produce the aqueous ethanol. These processes are conducted in villages where small companies are
located. Subsequently, the aqueous ethanol is shipped to the blending center run by a national oil
company, called PERTAMINA, in Indonesia. The blending process is not complicated as it involves
only the mixing the gasoline (RONs of 90 and 92) and the aqueous ethanol in an exact composition
ratio as explained previously in this paper.
3.2. The triangular graphs analysis
The triangular graphs of the compositions of gasoline (RON 90)-pure ethanol-water and gasoline
(RON 92)-ethanol-water, in which pure ethanol is utilized in %v/v, are presented in Figure 1 and 2.
The compositions measured in a single phase are marked with a solid circle. The experiment was
conducted at a temperature of 30°C and an atmospheric pressure of 1 atm.
The dots displayed on the graphs represent equilibria states, during which the components form a
single phase. The shapes of the two graphs are quite similar. However, the ethanol with a relatively
low concentration in a single phase was different, whereby gasoline RON 90 dissolved entirely at least
in 80% ethanol, while gasoline RON 92 dissolved in 88% ethanol. The areas of the graph where the
components were separated into two phases are located on the left side (before reader), while the
regions of the graph, where the components form a single phase, are on the right side, as shown in the
figure. It was also found that the composition (%v/v), at which gasoline and wet ethanol formed a
single-phase, is dependent on the ethanol concentration and type of gasoline employed, as shown in
Tables 1 and 2 and in Figure 1. The ranges of compositions in which pure ethanol, gasoline (RON 90),
and water blended entirely were 0.69–74.85%, 6.43–99.21, and 0.10–18.72%, respectively. The
highest water content mixed with gasoline was 18.72% at the least ethanol concentration, i.e., 80%.
When gasoline (RON 92) was applied to the blending, the composition changed significantly. The
least ethanol concentration was different compared to that in the case of gasoline (RON 90), as shown
in Figure 2. When 88% of ethanol was used, gasoline, pure ethanol, and water were mixed perfectly
with compositions of 12.96, 76.59, and 10.45, respectively, which were the least concentrations. The
ranges of the compositions in which the gasoline (RON 92), pure ethanol, and water blended
thoroughly into a single phase, were 12.96–77.76%, 21.54–76.59, and 0.70–10.45%, respectively.
Rev. Chim., 71 (8), 2020, 113-123

119

https://doi.org/10.37358/RC.20.8.8286

Revista de Chimie
https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

Ethanol (95 and 96%) dissolved entirely with gasoline (RON 92), and their compositions were 38.88
(gas), 58.05 (ethanol), and 3.07% (water), and 70.03, 28.78, and 1.19%. Since the investigation in this
study has not been conducted previously, comparative research with other references is not presented.
3.3. The fuel parameters
The fuel parameters characterized by the blended fuels, gasoline (RON 90)-pure ethanol-water, and
gasoline (RON 92)-pure ethanol-water, in which the concentration of ethanol employed was 96% are
shown in Table 3. The density and specific gravity (SG) of the gasoline (RON 90)-pure ethanol-water
fuel blends were both 0.77 g/cc, similar to those of gasoline (RON 92)-pure ethanol-water, which are
0.78 g/cm3. These values are higher than those in previous work [25]. The differences were mainly
caused by the presence of a small amount of water in the blended fuel.
The viscosity, ASTM color, flash point and pour point of both fuels were not measurable in this
study. The Reid vapor pressures (RVP) of these fuels were observed as 58.00 and 41.00 kPa; notably,
it had been studied that the gasohol containing 2.50% of industrial ethanol 96% gives an RPV of 56.54
kPa [23]. The RPV standard issued by the US Environmental Protection Agency (EPA) is in the range
of 54–62 kPa, which is comparable to that of the present investigation.
The standard fuels used in this study showed that the RON, MON, and (R+M)/2 were 106.6, 93.6,
and 100, respectively, while the standard blended fuels were recorded as 104.9, 93, and 96.5,
respectively. The RON of the first fuel was 95.80, and that of the second blended fuel was slightly
higher (97.40).
Conversely, the MON quantities of both fuels were detected at 99.40 and 101.00, respectively.
Their octant value averages defined as (R+M)/2 were 97.60 and 99.20, respectively. These results are
slightly different from those of a previous study [26]. Furthermore, the RON and MON values
increased significantly from pure gasoline with RONs of 90 and 92. This finding indicates that the
aqueous 96% ethanol containing water of 0.86 and 1.19% affects the RON and MON quantities
positively, and the presence of water is not detrimental to those parameters. In this work, it was also
found that ethanol could improve the RON and MON parameters, which is consistent with some
references cited.
Meanwhile, the API parameters for both blended fuels were recorded at 56.80 and 54.30.
According to a previous investigation, the API gravity parameter for an 80% gasoline and 20% ethanol
fuel blend was around 55.8 [27], which is very close to the value obtained in the present work.
Table 3. Fuel parameters measured for the gasoline (ron 90)-ethanol-water and gasoline (ron 92)ethanol-water fuel blends in a single phase, in which 96% ethanol was employed
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3.4. The distillation analysis
The distillation properties of the blended fuels, gasoline (RON 90)-ethanol-water and gasoline
(RON 92)-ethanol-water, in a single-phase are presented in Table 4. The data shows that both blended
fuels boil at similar temperatures, with an identical initial boiling point (IBP) of 45°C. This indicates
that the fuels have fractions that have identical structures and carbon chains. When 5% of the fuels
evaporated, the boiling points began to change. The gasoline (RON 90), pure ethanol, and water blend
boiled at 48°C, while the gasoline (RON 92), pure ethanol, and water blend boiled at 52°C.
The higher the amount of evaporated fuel, the higher the temperature difference between the two
fuels being boiled. Although when 60% of the fuel composition disappeared, the temperature
difference began to decline, as shown in the table.
The boiling points in °C of the gasoline (RON 90)-ethanol-water and gasoline (RON 92)-ethanolwater blends with 70, 80, and 90% fuel evaporation are given as (74, 77), (78, 80), and (80, 81). It was
found that the final boiling points of the two fuel blends were different, i.e., 91 and 83 °C. This is an
indication that the remnant of the final fractions had different structures or types of petrol. The residue
of the first blend was 0.10 mL compared to that of the second blend, which was 1.1 mL. Compared to
a review by [28] using pure gasoline and 99.65% ethanol, the distillation quantities at the boiling point
and percentage of the evaporated petrol in this study are profoundly different. The other distillation test
carried previously showed a graph trend close to that of this work, although there were differences in
terms of the evaporated petrol and boiling temperatures. The variation trend was mainly caused by the
fractions contained inside fuel in which the boiling points are different. The gasoline and ethanol fuel
blends containing water significantly influenced the distillation parameter.
Table 4. Distillation properties of the gasoline (ron 90)-ethanol-water and
gasoline (ron 92)-ethanol-water blends in a single phase

4. Conclusions
Gasoline with RONs of 90 and 92 was blended successfully with ethanol, whose purity was below
98% to form aqueous gasohol. The present work relates to the compositions of the gasoline (RON 90)pure ethanol-water and gasoline (RON 92)-pure ethanol-water fuel blends. The previous technology
used in producing gasohol generally employed pure alcohol, which was very expensive; besides,
technology is undergoing development in Indonesia and other countries. Thus, it is necessary to
prepare gasoline and aqueous ethanol fuel blend; moreover, this method is cheap. Expectedly, the
application of the aqueous fuel blends with water is still a challenge for engineers globally. Most of the
conventional engines are designed and constructed to work without water in the fuel. The results
showed that ethanol solutions with concentrations between 80 and 98% were entirely dissolved with
gasoline in an exact composition. The composition ranges of gasoline (RON 90), pure ethanol, and
water at the instance of forming a single-phase mixture using ethanol with concentrations in the range
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of 80–98% were 9.46–99.21%, 0.69–76.94%, and 0.10–13.59%, respectively, compared to those of
gasoline (RON 92), pure ethanol, and water using 80-98% ethanol, which was 12.96-77.76%, 21.5476.58%, and 0.70-10.45%, respectively. It was also discovered that the change in the ethanol
concentration could be significantly influenced by the compositions of gasoline, ethanol, and water
while forming the single-phase gasohol. The addition of ethanol after the single-phase formation did
not lead to the separation of the components of gasoline and aqueous ethanol. However, high amounts
of ethanol in the single-phase aqueous emulsion could not be achieved. It was found that the fuel and
distillation parameters changed in the pure ethanol and gasoline, owing to the presence of ethanol and
a small amount of water, although the change was within the permitted range for fuels.
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