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ABSTRACT

Fusel ofl, which comprises a mixture of higher alcohols, has prospective potentialities for use g
a cosolvent in gutoline-methanol blends since it can improve thelr water tolerance, This has been demonstrated

in an-garlier work by the quthaor.

The present paper presents the results of a sevies of fests made o imverrigate the effecst of fusel ol
addition to the actual gasoline fuel characteristics. The results indicated that such additions could result in
improving the gasoline properties as can be examined through comparison with the established specifications,

L INTRODUCTION

Fusel oil is a volatile, olly mixture of slcohols
produced a3 a by-product in alcoholic fermentation
of starches, graing, or fruits to produce ethyl aleohal,
In Indonesia, this product i= mainly avallable from
sugar cane refining, A sample of fusel oil from 2
sugar mill in West Java was analysed to contaln 41.71%
ethanol by weight, 0.99% progunol-1, 3.04% isobu-
tanol and 54.31% isoamyl alcohol on the wyter-free
basig; or 35.54% ethancl, 0.79% propancl-1, 2.5%%
isobutanol, 46,26% isoamyl alcohol and 14 82% water
on as received basis (Tasifi, 1986).

A giudy by the suthor (op. cit.) demonsirated the
positive effects of fusel oil in Improving the water
tolerance of gasolinemethancl blend. As fusel ol
consists of a mixture of alcohols one would expect
that it would increase the octane number of gasoline,
But, as it contains oxygenated compounds, with
1529% by weight of oxygen on the dry basis or
3414% on the as received basis, it Is expected to
affect adversely the gum properties of gasoline,
Furthermore, there would” be a significant change in
the distflation curve and vapour pressure of the
gasoline. The present paper presenis the results of
a study which investigates, in the quantitative
manner, the effects of addition of fusel oil to gasoline
on the Jatter’s characteristica as motor fuel.
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. GASOLINE AS MOTOR FUEL

Gasoline 8 the hydrocarbon fuel designed for
spafk  ignition engines, Its application involves
transfering of the fusl by pump from the car fuel
storage tank info the carbureitor where it mixes
with alr, The mixture is then distributed into the
engine ¢ylinders where it is compressed and iginited
by electric sparks from the spark plug. The
combustion energy thus réleased 15 transmitted to
the power train which ends up in turning the wheels
and making the vehicle to mowe, The combustion
gases are then exhausted to the atmosphere 25 waste
gases (Fig. 1 a).

The basic operations, thus, involve storsge and
transportation of the fuel through the fuel hne,
preparition of good and uniform air-fuel mixture,
and combustion reaction in the cylinders (Fig. 1 b).
The properties of gasoline are thersfore designed
to properly fulfill these functions, and these can be
classified Into combustion qualities, volatility, and
cleanliness and stability characteristics (Fig. 1 ¢).

Each class of qualities is controlled by specific
tests of fuel characteristics. Octane number is used
as the measure for combustion quality: distillation
and RVP (Reid Vapour Pressure) for yolatility;
and pum, corrosion, and sulfur content for cleanliness
stability and corrosion properties (Fig. 1 ).
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The walues of each characteristics are specified
in the product specification, which refers to the
formal stipulation and determines the minimum
guality of a product which may be transacted
between suppliers and consumers. The produoct
specification is applied for the purpose of protecting
the users against damage to the equipment in which
the fuel is utilized, and to the people handling it.

The specification limits for gasoline marketed in
Indonesia is listed in Table 1,

M. EXPERIMENTAL

The objective of the experiment is to study the
effects of fusel oil blending into gascline to the

characteristics of gasoline, A series of mixtuses of 2

premium gasoline and fusel ofl were prepared, each
blend was tested and the results were compared
with the current standard specification. These would
reveal the maxirmum amount of fusel oil which may
be blended into gasoline before the specification
lirmits are reached,

Gasoline and fusel oil blends containing 0%, 3%,
10%, 15%, and 20% fusel oil by wvolume were
prepared. The gasoline sample used was a typical
Indonesian prémium gasoline as obtazinable from

Pertamina’s public refuelling station. (It is 1o be -

noted that Pertarming i the state enberprise

responsible as the sole supplier and dispenser of
petroleum fuels in Indonesia), The charscteristics of

the gasoline sample were as shown in Table 1.

The fusel oil sample which was used as the
blending agent was a product of a sogar-cane refinery
in West Java, Indomesia, It is 2 colourless liquid
with a sweet odour, and a specific gravity of 0.8524.
Irs composition and distillation curve have been
reported earlier (Jag)fi, op. cit.).

The blends were tested for their characteristics
according to the parameters specified in the Indonesian
specification for premium gasoline, using the standard
test methods stipulated in the specification. Care was
fakenn In maintaining the blends in their original
compositions during the test by keeping the sarmples
i clean and sealed coloured glass containers in
refrigerated  storage during the period of the
experiment,

For octane number, the F-1 (research method)
procedure was used according to ASTM D-2699

test method. The test employed the standard-CFR
{(Cooperative Fuel Research) test engine of Lemigas
Engine Laboratory, operated at 600 rom test
condition, The test comprises comparison °f the
knocking tendency of the test sample with biends
of n-heptane and iso-octane, where the n-heptane is
assigned an octane number of 0 and iso.octane and
octane number of 100, The octane number of the

Premium gascline, % vol.
e :

ﬂm ] Lr] ::'.h
1w
i ~ 48
z e
W ﬂﬂ
:""/
[ s
=
£
'
o B
/':'#HD._.—G i -
i | ' ; 'E
0,70 =
1?: -::""'rfﬂf E
% 1.7500 ._._._,d_.l:-—Hf '-E
“ﬁ. .70 q E
(1] [n ]
£
3 E

15

Fusel Oil, % vol,

Figure 2 — Effects of fusel ofl additon
un gasoline fuel characteristics
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iest sample is equal to the percentage of Bo-octane
in the standard sample which gives the same knock
intensty as the test sample.

The ASTM D—E& fest method for distillation of
petroleum  products using the ASTM  prescribed
standard distillation apparatus and procedure was
wsed for distillation test, The vapour pressure test
was conducted in aceordance with the Reid method
(ASTM D-323) using the Reid vapour pressore
mlﬁtlﬂ. This te3t measures the vapour pressure at
11 4

Existent gum was determined by jét evaporation
sccording to ASTM D—381 method that utllizes a
measured and heated stream of alr to  assist
waporisation. This test indicates the amount of gum
at the time of the test. Test on gum stability
(®duction period) involved heating the gasoline at
III"Finabﬂmhlt:prmn: of 100 ps in an
atmosphere of oxygen (ASTM D-525),

A number of methods are available in the ASTM
procedure for sulphur determination in the petroleum

products, among these are lamp method, x-ray
fiuorescence method, oxygen bomb method, x-ray
spectrography, efc., but the suitable method
emploved in the this study was the ASTM D—1268,
lamp method, a3 stipulated in the gas:line specification
of Indonesia. In- this test method sulphur i bornt
in a closed system, using a standardized lamp, and the
oxides of sulphur thus penerated are converted by
hydrogen peroxlde into sulphuric acld. This i then
titrated with barium chloride.

Mercaptans comprise 2 ¢lass of odoriferous sulphur
corpounds which are undesirsble in petroleum
products dug to thelr corrosiveness and unpleasant
odour. It was tested inm & guantitative mapner
according to ASTM D—1219 methods. Cualitatively,
their presnce was determined by "doctor test™
[ASTM D—484).

The corrosion tendency of the sulphur compounds
in gasoline was tested gqualitatively by the copper
strip test (ASTM D—130). This consists of immersing
o polished copper strip in gasoline contained in &
test tube, and heating it at 112° for 3 hours,
The strip is then washed and dried apd inspected
for tarnish by comparing it with a st of slandard
colours,

The lead content, which had been introduced io
the gasoline through the additon of tetrasthy] lead
(TEL) z& aniikmock improver additive was tested
following the ASTM D-526, The test consists of
transforming the lead compounds into 1&ad chlorde
and extracting the gascline with hydrochloric acid,
The extract was evaporated, the organic residues
were oxidized by nitric acid and the lead was then
determined as lead chromate. Since fussl cil used in
this experiment W no mesns containg any lead
compound, this test was applied only to the orlginal
gasoline and not to the blends,

IV. RESULTS AND DISCUSSION

The test results for the test blends, namely
premium gasoline containing 095, 5%, 10%%, 155, and
205 fusel cil by volume are presnted in Table |
back-to back with specification limits for Indomesian
premium gascline. A cumsory view of the figures as
a whole immediately indicates that the addition of
up to 205 fuel oil would not make the gasoline off-
specification, However, the effects of fusal ol on




each of the specificotion parameters deserve some
COmMmMEnis,

A, Combustion Charscteristics

Addition of fusel oil improves the combustion
characteristics of gasoline as evident from the increase
in octane number almost linearly from 87.1 to
919 gt 20% wvol. fuscl oil (Figure 2a), The pesitive
elfect of fusel oil on octane number is only to be
expecied, since alcohols seem to have relatively
high octane number as cxemplified by methanol
which has a Research Octane Number of 112
Trartnell, 1978) and ethanol which has 106 ROM,
{Bolt, 1980). If the linear trend 23 shown from the
graph continues, one would expect the Research
Octane Number of fusel oil to be approximately
{11. The actual figere, however, could only be
determined by direct measurement.

The increase of octane number in the blend is
accompanied by an additional benefit, namely a
decrease in TEL content. A gasoline blend designed
to have 57 Research Octane Mumber would then
require less TEL and emits cleaner exhaust which
contains less lead to the air,

i, Vaporization Quality

The ASTM distillation curves for the blends are
presented in Figure 3, Fusel ofl seems to lower the
hoiling curves of the fuel, and this i of advantage in
the cass of 106 and 90% evaporation temperatures
where maximum limits are specified. In the case of
the 50% cvaporation temperature which has upper
and lower limits, the blending of fise] cil appears to
push the distillation curves nearer to the lower
limit, although the margin i still relatively larps.
It seems, from the Inspection of the curves, that the
limit would only be touched by the additlon of
approximately 40% by volume of fusal odl.

Considering that the 10% distillation point cantrols
the the ease of starting, the engine would be ensler
started with the blends, although, on the other hand,
the vepour lock tendency would also Increass. The
5% distillation point has influence in the warm-ug,
acceleration and plek-up, and the englne would be
expected to have better performance in these regards.
With the better tailend volatility, as indicated by the
lowering of 90% distillation temperature, the cngme

90

would be expected to have less engine deposits, less
il dilution and better distribution of air/fus]l mixdorme
in the engine cylinders. But these prediclions com-
cerning eneine performance need to be confirmed
first by engine (253

The bundle of distillation curves shown in Figure 3
also exhibits an interesting feamre. There seems to be
more Influence of fusel oil in increasing front-end
and tailend volatilities of the fuel than its middle
wolatility. The relatively high influence corresponds
with the two major levelling of the distillation curves
of fusel ofl, which might also corresponds with the
two major components existing in the fusel oil.

Another test on wolaflity, RVP test, indicates
an Increase in wvapour pressure by addition of fusel
ail {Figure 2 b). The increase is more significant in
the lower concentratlon of the blend. The addition
of aleohols {fusel oil} to the hydrocarbons (gasoline)
seerns to cause rejection of the lower boiling hydro-
carbons in the mixture. The trends is confirmed by
the specific gravity curves in Figure 1 ¢, where some
expansions m volumies of the mixiures are olvserved.

C. Cleanlines and Stability

The addition of fusel oil incresses the existent
gum in the fuel, (Figure 2¢c) and it is expected that the
gahility would be reduced, although this cannot be
ohserved in the induction test period. The tests were
{erminated at 300 minutes as spesified in the standard
procedure. Very probably, the induction period
would be lower at higher concentrations of fusel
ofl, as it is believed that addition of oxygenated
compound would favour the formatlon of gum.

Addition of fustl oil scems to introduce trace
amounts of sulphur, as the manufacture of fuse] ofl
involves treatment of molasses with sulphurie acid.
But the sulphur contents are vety small, far below
the specification limit of 0.20% by weight for gasoline,
Similar observations were also made on mercaptan
sulphur, doctor test, and copperstrip corrosion test.

V. CONCLUSIONS
Addition of fusel oil into gasoline results in
positive effects on the fuel properties of gasoling,

This would enhanced the advantage of using fusecl
oil as the cosolvent In the gasoline-methanol blend.
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The oxygen content in the Musel ol would increase
the existent and potentlal'gums In the gasoline, but
the incresse scems ot be small as to cause no serious

effects on the gum content of gasoline,
The actual practicality of utilization of fusel ol as

cogobvent in gasoline-methanol blend rests, hownever,

on its svailability and cconomics, and would need
frther tests both on statjonary engines and dynamic
DOes.
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