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solubility of methanol/hydrous methanol/diesel/
biodiesel/Jet A-1 fuel ternary mixtures
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Abdelrahman M. Hussien,b Salma O. M. Elshabrawy,b Zhixia He*a

and Alhassan Nasserb

This study attempts to enhance the mixture instability of methanol/hydrous methanol mixed with diesel

fuel, waste cooking oil (WCO) biodiesel, and Jet A-1 fuel using n-octanol and n-decanol as cosolvent at

numerous temperatures of 10 �C, 20 �C, and 30 �C. The experiment is divided into two stages: first,

blending pure methanol with diesel oil, Jet A-1, and WCO biodiesel individually utilizing n-octanol and

n-decanol as cosolvent at various temperatures. Second, combining hydrous methanol (90% methanol +

10 wt% water) with diesel oil, Jet A-1, and WCO biodiesel independently and applying n-octanol and n-

decanol as cosolvent at different temperatures. Pure methanol or hydrous methanol is mixed with the

base fuels at different mixing proportions varying from 0 to 100 vol% with 10 vol% increments. The co-

solvent, mainly n-octanol and n-decanol (titrant), is progressively and separately inserted into the tube

with continuous shaking by utilizing a high-precision pipette until the ternary mixtures' phase borders

seem. The findings demonstrate phase separation in pure methanol–diesel and pure methanol–Jet A-1

combinations even when the blend temperature increased to 60 �C. The pure methanol/biodiesel

combination proves complete solubility without adding an external agent. The results also illustrate that

the ambient temperature considerably affects the stability of mixture and amount of cosolvent in the

blend. n-Octanol and n-decanol showed promising performance in enhancing the phase stability issue

of methanol and hydrous methanol with the base fuels. It can be deduced that the minimum amount of

cosolvent is recorded for biodiesel–hydrous methanol, Jet A-1–hydrous methanol, and diesel–hydrous

methanol, respectively.
1. Introduction

In recent decades, lower alcohols have gained considerable
attention as renewable sources to substitute conventional
fuels.1 They are deemed to be encouraging alternative fuels,
which have become a critical solution in accomplishing clean
combustion for CI engines because of their extensive sources,
mass-production ability, and individual physical and chemical
properties.2,3 However, it will also bring a series of challenges,
such as replacement path, cold start, ignition difficulty under
low load conditions, and combustion stability.

Methanol is a sole carbon hydroxyl compound, and the
leading representative of the alcohol group. It is commercially
utilized for a lengthy period efficiently due to its power
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heightening aspects and its capability to combust with low soot
emission.4 It has certain standpoints such as higher ignition
delay and smaller cetane number, which obfuscates the direct
exploitation of methanol in CI engines. The supplementary
limitations of methanol as a substitute for conventional fuels are
the low heating value and phase separation challenge when it is
combined with conventional fuel or biodiesel.5 To overcome or
alleviate these issues, there are primarily two styles to the manip-
ulation ofmethanol in CI engines, which comprise single injection
and binary injection. Single injection implies methanol and diesel
blended with an emulsier or cosolvent, whereas the binary
injection implies methanol discretely inserted in the intake line
(fumigation).6–8 The crucial advantage of blending methanol and
diesel fuel is that methanol is consecutively introduced into the
burning chamber and appears in regions, where it effectively
diminishes the emissions.

Moreover, higher alcohols (C4 to C10) such as n-butanol, n-
pentanol, n-hexanol, n-octanol, and n-decanol are considered
entirely mixable with both diesel and biodiesel.9–14 When they
are mixed, they augment the individual characteristics, which
boost the entire engine performance. It is commonly
RSC Adv., 2021, 11, 18213–18224 | 18213
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Table 1 Summary of utilizing methanol combined with diesel fuel in CI engines

Base fuel Alcohol type Blending method Percentage
Optimum
blends Reference

Diesel fuel Dimethyl ether–methanol Direct blend 20% and 30% DME; 10 and 30%
methanol

D60 +M10 +
30DME

20

Diesel fuel Methanol, 85% ethanol and 15%
gasoline

Introduced into the
intake line

20%, 50%, 75% and 90% vol. — 37

Diesel fuel Methanol Introduced into the
intake line

10, 20, 30, 40 and 50% — 21

Diesel fuel Methanol, water nano emulsion
(sorbitan monolaurate emulsier)

Direct blend using
a magnetic stirrer

10, 20, and 30% vol. 30%
methanol

22

Diesel fuel n-Pentanol/methanol Direct blend 20 & 15% n-pentanol, 10 & 15%
methanol and 70% diesel

— 38

Diesel fuel Methanol Introduced into the
intake line

25, 50 and 75% — 39

Diesel fuel 20% biodiesel, 10% butanol, 10%
ethanol, or 10% methanol

Direct blend 10% — 40

Diesel fuel Methanol, dodecanol Direct blend Methanol varied 2.5% to 15%,
dodecanol 2.5% and 1%

10% 41

Diesel fuel Polyoxymethylene dimethyl ethers and
methanol

Introduced into the
intake line

Methanol 70, 75, 80,
85%

42

Diesel fuel Methanol Introduced into the
intake line

Methanol 0, 50, 100% 43

Diesel fuel 10% dodecanol, 1% nitric acid ester Direct blend Methanol 13% 44
Diesel fuel Biodiesel (40%), diethyl ether (5% &

10%)
Direct blend Methanol, ethanol 20% 45

Diesel fuel Methanol; Al2O3 nanoparticles (25, and
100 ppm)

Direct blend Methanol 5% & 15% 46

Diesel fuel – spirulina
microalgae (20 & 40%)

Methanol and ethanol Direct blend Methanol 20% 47

Fig. 1 Change in alcohol properties as a function of the number of
carbon atoms.9
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acknowledged that the higher alcohols possess certain stimu-
lating characteristics that imply their capability of alleviating
certain shortcomings of lower alcohols exploited as fuels.15–17

Those highlights result in the higher alcohols being advocated
as oxygenated fuel and cosolvent agent to augment the appli-
cation of methanol in CI engines and other systems.18 Their
benets are high cetane numbers and high caloric values
compared to methanol.3,6,19 The mixture stability increased
when mixing higher alcohols with diesel fuels, and the latent
heat of vaporization of the higher alcohols is smaller than that
of lower alcohols. Consequently, they have less scuffle with
a low-temperature-ignition issue. However, the modern equip-
ment in the fuel delivery line is normally adept at handling this
challenge.

Some efforts have been attempted to use methanol as fuel in
the CI engine in the blending mode.20–23 Table 1 summarizes
some studies that have utilized higher alcohols as a cosolvent to
enhance the stability issue of methanol with diesel fuel. It can
be indicated that methanol can be blended up to 20% aiding in
the manipulating cosolvents such as n-butanol, n-pentanol, and
n-dodecanol.24–31 It can also be seen that the fumigation method
is applied to manipulate methanol in intake or exhaust mani-
fold, but this method is quite complicated and needed an extra
system to adjust the pilot methanol injection.8

In addition, biodiesel and higher alcohols were exploited to
heighten the phase separation of ethanol with diesel;5,32,33 for
instance, Tongroon et al.,34 Krishna et al.,35 and Paul et al.36

utilized biodiesel as a cosolvent to augment the stability of
18214 | RSC Adv., 2021, 11, 18213–18224
ethanol/diesel mixtures in a diesel engine. The biodiesel was
used in three different ratios, which were 3%, 5%, and 10% by
volume. The main ndings demonstrated that the biodiesel
portion had to be expanded to avert phase separation with the
growing ethanol segment in the mixtures. They indicated that
the ambient conditions, particularly temperature, substantially
inuenced the mixture stability, where the phase separation
occurred by lowering the ambient temperature. Moreover, Liu
et al.5 utilized higher alcohols, principally n-butanol, n-hexanol,
n-octanol, and n-dodecanol, to improve the phase separation
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Numerous alcohol fabrication methods.9
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issues of hydrous ethanol/diesel mixtures at various tempera-
tures (5 �C, 15 �C, and 30 �C). They reported that the higher
carbon numbers offer an improvement in the solubility, while n-
dodecanol illustrated the gelling of the mixtures due to its low
pour point. They also deduced that n-hexanol and n-decanol
could be recommended to augment the stability issue of
hydrous ethanol/diesel blends.

n-Octanol (C8) and n-decanol (C10) are employed in the
existing research because of their appealing highlights. For
example, n-octanol has a superior oxygen content of about
12.3% m m�1, nevertheless demonstrates diminished reactivity
attributed to its boiling point, which rests at the lower end of
diesel's distillation gure.48 Nevertheless, its additional aspects
involving superior surface tension, smaller vapor pressure, and
greater latent heat of vaporization balance for its low boiling
point and certify heightened spray developments. It presents
greater kinematic viscosity than diesel, but its adverse control
across the A/F combination development is counterbalanced by
Fig. 3 (a) FT-IR band of WCO biodiesel and (b) thermal gravimetric ana

© 2021 The Author(s). Published by the Royal Society of Chemistry
themixed impact of its minimal cetane number and boiling point.
Compared to other higher alcohols, it exposes non-corrosive
aspects attributed to its low hygroscopic nature. Commercially, it
is used as additives, emulsiers, anti-foaming agents, solvents,
and frothing agents.9 In addition, it has a lengthy alcohol chain
and is manufactured through the oligomerization of ethylene.9

Compared to other higher alcohols, it has acquired more interest
from scientic society due to its ecological manufacture proce-
dures such as oxo-synthesis, fatty acid drop, and utilization of
bacteria.49,50 It is recognized as a bio-derived fuel owing to its
synthesis from biomass sources51 that has persuaded researchers
to highlight its burning features.52–54

In addition, n-decanol is a colorless to marginally yellow
liquid, holding ten carbon atoms in its straight chain. It is used
broadly in food and chemical manufacturing than as a substi-
tute fuel for CI engines.55 Nevertheless, coconut as a source for
decanol synthesis is enhanced, which comprises decanoic acid-
like Yarrowia lipolytica, and the production cycles are found to
lysis of raw oil and WCO biodiesel.

RSC Adv., 2021, 11, 18213–18224 | 18215
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Table 2 GC-MS analysis of WCO biodiesel and its formulation

RT (min) Composite FAME Formula

9.75 Methyl tetradecanoate C16:1 C15H30O2, CAS no. 124-10-7
11.78 Hexadecanoic acid, methyl ester C16:1 C17H34O2, CAS no. 112-39-0
13.679 9-Octadecenoic acid, methyl ester C18:1 C19H36O2, CAS no. 2462-84-2
13.881 Methyl stearate C18:1 C19H38O2, CAS no. 112-61-8

Table 3 Physicochemical aspects of diesel, Jet A-1, WCO biodiesel, methanol, n-octanol, and n-decanol

Diesel Jet A-1 Methanol WCO biodiesel n-Octanol n-Decanol

Formula C12–C25 — CH3OH — C8H17OH C10H21OH
Molecular weight 198.4 148.02 32.04 305 130.21 158.23
CN 48 42 3 49 39 50
Oxygen (% wt) — — 50 12.6 15.7 —
Density (g ml�1) at 20 �C 0.832 0.797 0.796 0.877 0.827 0.829
Autoignition temperature (�C) 210 — 470 — — 275
Flash point (�C) 69 38 12 — 59 108
LHV (MJ kg�1) 42.5 43.46 19.9 37.95 52.94 41.82
BP (�C) 280 163 64.5 250 195 233
Latent heat of vaporization (kJ kg�1) at 25
�C

270 360 1109 — 486 494.8

Viscosity (mm2 s�1) at 40 �C 3.2 1.08 0.59 4.9 5.8 6.5
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be cost-efficient with a soaring yield.56 Hence, the potential of
employing vegetable biomass and bio-resources comprising
lignocellulosic material, waste protein has persuaded the
scientic society to assess decanol as a feasible fuel. Further-
more, it has a higher heating value than most of the existing
biodiesels and other alcohol group representatives. Its boiling
point is in the assortment of diesel boiling gures and
dissimilar diesel, and it does not have any aromatic structures.
1.1 Motivation of the current study

The alcohol group spans from the lone carbon methanol to twenty
carbon phytol and higher chain compounds. Fig. 1 illustrates how
the properties of the alcohols vary as the carbon group size grows.
They are available in plenty and produced by anaerobic fermenta-
tion of numerous forestry and cultivated biomass trashes, such as
saw-mill, wood-pulp, sugarcane bagasse, and rice straw.9 Fig. 2
demonstrates the common and most favored production
approaches for the representatives of the alcohol group. In addition,
Table 4 Experimental program

Group 1

Hydrous methanol (90% methanol +
10 wt% water)

3 3

Diesel 3 3

WCO biodiesel
Jet-A1
n-Octanol 3

n-Decanol 3

Temperature 10, 20, and 30 �C 10, 20, and 30 �

18216 | RSC Adv., 2021, 11, 18213–18224
higher alcohols (from C4 to C10) have hydrogen contributor groups
(–OH) connected to molecular functional groups that receive
hydrogen, which cooperate further with the polar substances.
Moreover, regarding van der Waals forces, the non-polarity or low
polarity carbon chains of higher alcohols have a decent similarity
with diesel hydrocarbons.57,58 For these benets, alcohol additives
would illustrate considerably superior solubility behavior.

From the above literature survey, it can be deduced that the
main problems associated with methanol as a fuel in CI engines
are as follows: (i) phase separation or mixture instability (the
main reason is the water content in methanol), (ii) low cetane
number (difficult to start the combustion, high ignition delay,
increased cylinder pressure, and increased NOx content), (iii)
high latent heat of vaporization (cooling consequence during
the burning), and (iv) low heating value (reduced the BTE and
increased bsfc). Moreover, higher alcohols are considered an
encouraging cosolvent to improve the instability issue of ethanol
with diesel fuel. However, no research has scrutinized the impact of
using higher alcohols as a cosolvent with methanol/diesel
Group 2 Group 3

3 3 3 3

3 3

3 3

3 3

3 3

C 10, 20, and 30 �C 10, 20, and 30 �C 10, 20, and 30 �C 10, 20, and 30 �C

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Variation of the solubility of pure methanol with Jet-A1 and diesel using octanol and decanol as the cosolvent at 30 �C.

Fig. 5 Variation of the solubility of pure methanol with Jet-A1 and diesel using octanol and decanol as the cosolvent at 20 �C.

© 2021 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2021, 11, 18213–18224 | 18217
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Fig. 6 Variation of the solubility of pure methanol with Jet-A1 and diesel using n-octanol and n-decanol as the cosolvent at 10 �C.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
M

ay
 2

02
1.

 D
ow

nl
oa

de
d 

on
 1

2/
10

/2
02

5 
3:

41
:3

2 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
combination. Thus, toll this research gap, higher alcohols are used
as a cosolvent to alleviate the phase stability issues between
methanol/hydrous methanol/diesel/Jet-A1/waste cooking oil (WCO)
biodiesel blends. In the primary test, pure methanol was added
individually to diesel, biodiesel, and Jet-A1 fuel to assess the misci-
bility. Also, the primary test was done using different types of higher
alcohols starting from C3 (n-propanol) to C10 (n-decanol) as cosol-
vents with methanol/diesel blends, and it indicated that n-octanol
(C8) and n-decanol (C10) are themost effective cosolvents among the
utilized alcohols. Thus, this study is divided into three groups of
blending fuels: hydrous methanol/diesel, hydrous methanol/WCO
biodiesel, and hydrous methanol/Jet-A1. These mixtures are
blended using n-octanol and n-decanol as a cosolvent at different
temperatures, which are 10 �C, 20 �C, and 30 �C. Themixtures were
also kept in a long tube for more than three months to assess their
stability.
2. Experimental set-up and
procedures

In this study, the base fuel is a conventional commercial diesel
from a local gas station, and Jet-A1 was also provided by a local
company. The methanol, n-octanol, and n-decanol exploited in
this research have a purity of 99.9%. The WCO biodiesel is
produced via a transesterication process applying ultrasonic
18218 | RSC Adv., 2021, 11, 18213–18224
techniques; further information can be obtained in the litera-
ture.59 The GC-MS and FTIR techniques were employed to assess
the produced WCO biodiesel, as indicated in Fig. 3 and Table 2.
The physicochemical properties of diesel, Jet-A1, WCO bio-
diesel, methanol, n-octanol, and n-decanol are assessed corre-
sponding to the ASTM standard, as illustrated in Table 3.
Thermal gravimetric analysis (TGA) for the raw oil and WCO
biodiesel is illustrated in Fig. 3b. It can be indicated that the raw
oil evaporated in the range of 350–500 �C. This high-
temperature scale is attributed to the triglyceride structure of
raw oil that makes its decomposition process quite difficult. The
WCO biodiesel is evaporated wholly with no residues at
a temperature scale of 180–450 �C. The difference in the two
curves proves that the raw oil is converted into biodiesel. These
results are comparable to those reported in the literature.60,61

The experimental program is divided into two parts, which are the
primary test and the main test. The primary one includes the test of
pure methanol solubility in diesel, biodiesel, and Jet-A1 fuel. The
results of this part showed that there is phase separation inmethanol/
diesel andmethanol/Jet-A1mixtures evenwhen the temperature of the
mixture increased to 60 �C. On the other hand, the pure methanol/
biodiesel blend illustrates complete solubility without using an
external agent. Thus, n-octanol and n-decanol are used as a cosolvent
to enhance the phase separation of pure methanol/diesel and pure
methanol/Jet-A1 mixtures at temperatures of 10 �C, 20 �C, and 30 �C.
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 7 Variation of the solubility of hydrous methanol with biodiesel, Jet-A1, and diesel using octanol and decanol as cosolvent at 30 �C.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
M

ay
 2

02
1.

 D
ow

nl
oa

de
d 

on
 1

2/
10

/2
02

5 
3:

41
:3

2 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
The second part of the experiment is to blend individually
hydrous methanol/biodiesel/biodiesel/Jet-A1 combinations.
However, adding water creates immiscibility in the mixture; thus,
higher alcohols are used as a cosolvent to improve the phase sepa-
ration of the mixtures. Therefore, n-octanol and n-decanol are used
as a cosolvent to blend hydrousmethanol with diesel, waste cooking
oil, and Jet-A1 fuel independently. The experimental program is
divided into three groups, as revealed in Table 4. It can be spotted
that each group has been split into two categories regarding the
© 2021 The Author(s). Published by the Royal Society of Chemistry
higher alcohols used. Also, all tests have been performed at three
different temperatures, comprising 10 �C, 20 �C, and 30 �C.
2.1 Preparation of ternary mixtures

In order to make the blends, 10 ml samples of fuel-M10 (M10 is
90 wt% methanol and 10 wt% distilled water mixture) binary
mixtures were prepared in the composition range 0 to 100 vol%
with 10% increments. These combinations were initially in a 2-
phase equilibrium due to the immiscibility of M10 in the base
fuel. These were then titrated with the alcohol cosolvent (n-
RSC Adv., 2021, 11, 18213–18224 | 18219

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra01625c


Fig. 8 Variation of solubility of hydrous methanol with biodiesel, Jet-A1, and diesel with octanol and decanol as cosolvent at 20 �C.
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octanol or n-decanol) as the titrant using high precision 1 ml
pipettes, and the endpoint at which the mixture forms
a homogeneous single phase is recorded as a point lying on the
boundary of the ternary phase diagram. The endpoints
measured for each sample were used to construct the ternary
phase diagrams in mass percentage to assess the ternary
mixture phase behaviour. The focus of this study was the point
of disappearance of the two-phase boundary, and there was no
interest in studying the phase behavior at higher cosolvent
concentrations, which according to other investigation would
form gel phases as such mixtures were not commercially
important as fuels. In some cases, the change was not sharp as
there was a transition phase between the 2-phase and the single-
18220 | RSC Adv., 2021, 11, 18213–18224
phase behavior in which a cloudy or hazy phase appeared before
a clear solution was obtained on further addition of the cosol-
vent; this cloudy region was also recorded on the phase
diagrams. The phase behavior studies were conducted at
temperatures of 10 �C, 20 �C, and 30 �C.
3. Results and discussion
3.1 Pure methanol/diesel/Jet-A1/biodiesel blends at different
temperatures

This part of the study deals with the impacts of adding n-octanol
and n-decanol on the solubility of pure methanol/diesel and
puremethanol/Jet-A1 blends at various temperatures of 10 �C, 20 �C,
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 9 Variation in the solubility of hydrous methanol with biodiesel, Jet-A1, and diesel using octanol and decanol as cosolvent at 10 �C.
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and 30 �C, as illustrated in Fig. 4–6. Asmentioned earlier, the results
illustrate that pure methanol can be mixed with WCO biodiesel at
any concentration, and it was stable at tested temperatures. The
alcohol (–OH) group regulates the polarity of the molecule. The
electrostatic possibility indicates that oxygen is moderately negative,
whereas the carbon and hydrogens are relatively positive. In
contrast, diesel (oil) is composed of non-polar molecules, and it has
a shell of negative charges or electrons bordering the molecule.
Regarding the WCO biodiesel, the functional group of esters is
carboxylate (COO), which is polar. Nevertheless, the long carbon
chain's impact creates the dominant non-polar characteristic in
biodiesel. For this purpose, it is expressed in conditions of
comparative non-polarity. Concerning jet fuel, it is recognized that it
© 2021 The Author(s). Published by the Royal Society of Chemistry
is primarily non-polar.62 It is acknowledged that the polar molecules
only dissolve in polar solvents. Similarly, non-polar molecules only
dissolve in non-polar solvents, implying “Like dissolves Like”.

In general, it can also be found that the amount of n-octanol
and n-decanol is lower for the Jet-A1 fuel than diesel fuel, irre-
spective of the tested temperatures. This could be attributed to
the high polarity of the diesel fuel that could increase the fraction of
the cosolvent to stabilize the mixture. Also, there are no cloudy or
hazy phases noted in the case of the Jet-A1 fuel, while they appear in
the case of the diesel fuel. This cloudy region is enlarged with the
decrease in the temperature of the pure methanol/diesel mixtures,
as illustrated in Fig. 5 and 6. This could be ascribed to the fact that
an increase in temperature leads to an enhancement in the thermal
RSC Adv., 2021, 11, 18213–18224 | 18221
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motion that could heighten the diffusion and spreading of mole-
cules, causing a reduction in the cosolvent amount required to reach
mixture stability.5Themethanol fraction in themixture also impacts
the solubility trend and the amount of the cosolvent used, where the
amount of the cosolvent increases as the methanol percentage
increases until it reaches almost 50%, and then it starts to reduce
again. It is should be noted that in the case of methanol/diesel
blends n-decanol has a decent performance to get the mixtures
stable with a small amount compared to n-octanol. This could be
because the alcohol with a longer chain has better solubility
behavior than that with a shorter chain. Similar results were
matched with those cited in the literature.5 These results were
comparable to those reported in the literature.63–65
3.2 Hydrous methanol/diesel/Jet-A1/biodiesel blends at
different temperatures

This part examines the phase behaviours of hydrous methanol/
diesel, hydrous methanol/biodiesel, and hydrous methanol/jet
fuel mixtures with utilizing n-octanol and n-decanol as cosol-
vents at different temperatures of 10 �C, 20 �C, and 30 �C, as
shown in Fig. 7–9. The addition of water to methanol made
a phase separation when it blended with biodiesel. This trend
could be explained by increasing water polarity, which makes
the blend unstable and thus needs the cosolvent to be stable.
From Fig. 7, it can be seen that n-octanol is more effective as
a cosolvent for hydrous methanol than n-decanol with all base
fuels. The peak value of n-octanol required with biodiesel is
17 wt% as opposed to 23 wt% for n-decanol. These results
match with those cited in the literature.64,66

Regarding the jet fuel, the maximum amount is 22 wt% with
n-octanol and 33.6 wt% with n-decanol. Moreover, it is 33.5 wt%
with n-octanol and 34.5 wt%with n-decanol in the case of diesel.
This implies that the depth of the 2-phase region was bigger in
the case of n-decanol than that with n-octanol. It can also be
remarked that the cloudy region appears in the case of the
diesel/hydrous methanol blend for both cosolvents. This region
is extended with the reduction in the mixture temperatures,
which means that more cosolvent is needed to get a stable
mixture. From this standpoint, it can also be veried that the
high ambient temperature or a comparatively low pour point of
the cosolvent acts as the main factor inuencing on the inclu-
sive and appropriate adjustment of the phase separation of
combinations. It can be realized that the lowest quantity of the
cosolvent is veried for biodiesel/hydrous methanol, Jet A-1/
hydrous methanol, and diesel/hydrous methanol, respectively.
The results match with those reported by Liu et al.,5 who
explored the impacts of the ethanol/diesel mixture solubility by
applying numerous types of higher alcohols as cosolvent.
4. Conclusion

The major shortcomings of methanol are mixture instability
when combined with conventional fuels and elevated latent
heat of vaporization. Therefore, this research endeavors to
augment the combination separation issues of methanol/
hydrous methanol blended with diesel fuel, WCO biodiesel,
18222 | RSC Adv., 2021, 11, 18213–18224
and Jet A-1 fuel manipulating n-octanol and n-decanol as
cosolvent at different temperatures of 10 �C, 20 �C, and 30 �C.
The test is performed in two steps: in the rst step, the pure
methanol is added with diesel oil, Jet A-1, and WCO biodiesel
separately, employing n-octanol and n-decanol as cosolvent at
tested temperatures. Second, the hydrous methanol is mixed
with diesel oil, Jet A-1, and WCO biodiesel individually utilizing
n-octanol and n-decanol as cosolvent at tested temperatures.
The results of pure methanol/base fuel combinations show that
the phase separation in pure methanol/diesel and pure
methanol/Jet A-1 combinations is remarked even aer the
combination temperature increased up to 60 �C.

On the other hand, the pure methanol/biodiesel blend
conrms complete solubility devoid of an external agent. The
ndings also demonstrate that the ambient temperature
substantially inuences the mixture's stability and quantity of
the cosolvent in the mixture. The n-octanol and n-decanol
appeared an encouraging implementation to boost the phase
stability issue of methanol and hydrousmethanol with the base-
tested fuels. It can be concluded that the smallest fraction of the
cosolvent is documented for biodiesel/hydrous methanol, Jet A-
1/hydrous methanol, and diesel/hydrous methanol, corre-
spondingly. It can also be inferred that n-octanol gave better
solubility characteristics compared to n-decanol. Finally, all
combinations were kept in a long tube for more than two
months under static conditions to assess their stability, and
thus, the observation indicated no phase separation in the
blends at tested temperatures.

Regarding the future investigations relating to the current
study, the non-random two-liquid (NRTL) method is essential to
assess the correlating phase equilibria of the different liquid fuels.
Also, the utilization of surfactants with higher alcohols, particu-
larly at low temperatures, is needed in further investigation.

Nomenclature
ASTM
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B100
 Biodiesel

BTE
 Brake thermal efficiency

bsfc
 Brake specic fuel consumption

D100
 Diesel fuel

WCO
 Waste cooking oil

J100
 Jet-A1 fuel

M10
 Hydrous methanol containing 90% methanol + 10 wt%

water
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