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THERMOGRAVIMETRIC STUDY OF KEROSENE-DOPED GASOLINE

. *
M. M. Fonseca, M. I. Yoshida , 1. C. P. Fortes and V. M. D. Pasa
Departamento de Quimica, ICEx, Universidade Federal de Minas Gerais, CEP 31270-901, Belo Horizonte, M.G., Brazil

Motor gasoline must present characteristics that guarantee its quality and the good performance of internal combustion engines
without harming the environment. The contamination of gasoline by solvents can seriously adulterate its physical-chemical proper-
ties and affect its volatility and detonation capacity. To investigate organic solvent adulteration in gasoline samples, thermal analy-
sis technique (TG/DTG) can be used as an auxiliary tool in the study of the thermal behavior of liquid fuels, as demonstrated by the

present work involving a comparative analysis of kerosene-free and doped gasoline.
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Introduction

Gasoline is a petroleum-derived fuel constituted mainly
by a complex mixture of paraffinic, naphtenic, olefinic
and aromatic hydrocarbons (C4-C12), and to a lesser
extent, by oxygenated products. Hydrocarbons are
formed by small carbon chain molecules, normally
from 4 to 12 carbons. In addition to hydrocarbons and
oxygenated compounds, gasoline also contains sulfur,
nitrogen, and metallic compounds, all in low concentra-
tion. The distillation temperature ranges from 30
to 220°C, varying with the production process [1].

Basic gasoline (free of oxygenated compounds)
has a complex composition. Its formulation may de-
mand the use of several noble streams derived from
petroleum processing such as light naphtha (product
obtained from the direct distillation of petroleum),
cracked naphtha, which is obtained by cracking
heavier hydrocarbon molecules (gas oil), reformed
naphtha (obtained from a process that increases the
quantity of aromatic substances), alkylated naphtha
(obtained from a process that produces high octane
paraffins from iso-butanes and olefins), etc., defined
to attend product quality requirements [1, 2]. The in-
crease in gasoline production driven by the growth of
the car industry was possible through the refining and
catalytic cracking processes, which afforded cracking
of large molecules into smaller ones with increased
production yield.

Gasoline is used in vehicles propelled by internal
combustion engines — automobiles, buses, planes,
boats, etc., the former ones presenting the largest de-
mand. Motor gasoline is the appropriate fuel for spark
ignition internal combustion engines which use the
Otto cycle [3]. Motor gasoline is produced according
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to specific quality, engines and environment protec-
tion requirements. Qualities that aim meeting specific
operational and conservation requirements. For such,
gasoline must result in clean burning without knock-
ing, and evaporate completely in the carburetor when
the engine is at work. Excessive vaporization pro-
duces carburetor inlet tube clogging due to the forma-
tion of vapor bubbles, which interferes with product
flow. The presence of low volatility fractions in the
fuel, in addition to more difficulty vaporization, also
leads to incomplete product burning and the ensuing
dilution of lubricant oil, which leaks through the
walls of the piston/cylinder assembly.

Gasoline quality control is based on ASTM
methods [4], being distillation (D-86) the most appro-
priate one to verify its volatility characteristics. It al-
lows anticipating engine work conditions based on
data relative to the initial point, 10, 50 and 90% evap-
oration, and final boiling point. These points allow
controlling volatilization of light, intermediate, and
heavy gasoline fractions, and the formation of resi-
dues (gums) during the gasoline combustion process
inside the engine.

In Brazil, gasoline is added with a mixture of ei-
ther anhydrous alcohol (ethyl alcohol obtained from
sugar cane) to produce type C gasoline (22 to 25%) or
methyl-tert-butylic ether (MTBE) to produce type B
gasoline (12% MTBE until April 1999 only in the
State of Rio Grande do Sul). The regulations for qual-
ity control of fuels are ruled by a governmental agency,
ANP (Agéncia Nacional do Petréleo) [2, 5]. But, in
Brazil, the addition of other organic solvents (like ker-
osene, toluene and other heavy aliphatic, light aliphatic
and aromatics) in gasoline is very frequent, although il-
legal, and this practice does not guarantee gasoline
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quality. Contamination of gasoline by solvents during
and after its production leads to variations of its physi-
cal-chemical characteristics, which affects fuel stabil-
ity and volatility, damages engines, and results in low
engine performance. Many a time criminal contamina-
tion by dealers seeking to maximize profits occurs.
This practice is a crime against consumers and the na-
tional treasure, and therefore it must be repressed. In
view of this, it is imperative the analysis of the thermal
stability and the volatility conditions of gasoline to as-
sure its quality control.

Several studies were made about additives in gas-
oline and fuels, using different techniques, as RMN,
gas chromatography, distillation curves, high-resolu-
tion TG, to detect contamination or solvent addition
[6-9]. Statistical analysis and thermodynamic model
were developed to study Brazilian gasoline [10, 11].

Thermogravimetry (TG) can contribute to the
study of the thermal behavior of gasoline, either with
or without adulterant (solvents) [12, 13]. With pure
compounds, this technique affords experimental re-
cords typical of the material under study, being fre-
quently so characteristic that they allow the identifi-
cation of simple mixtures.

This work evaluated the thermal behavior of gas-
oline doped with kerosene by thermogravimetry. This
solvent is the fraction after gasoline and before diesel
in the distillation of petroleum and it predominately
contains paraffinic compounds distilled in the
150-300°C range.

This work by TG/DTG is an innovation in the
analysis of liquid fuels, which requires technique im-
provement. Analysis conditions used to evaluate the
analytical interferences of sample mass variation were
flow and draft gas type, and the heating rate [14—17].

Experimental

Samples were prepared in our laboratories using type
A gasoline supplied by PETROBRAS — Refinaria Ga-
briel Passos, REGAP/Betim. Type C gasoline
(GC0%) was prepared by adding 240 mL anhydrous
ethyl alcohol p.a., from Merck to 760 mL type A gas-

oline. Samples of gasoline type A, gasoline type C,
and gasoline type C doped with kerosene had their
physical-chemical properties determined using spe-
cific ASTM standards. Mixtures of gasoline and com-
mercially available kerosene were prepared from the
sample of type C gasoline. Aliquots of kerosene were
added with the aid of burette so as to obtain concen-
trations equivalent to 2, 4, 6, 10 and 20% volume. The
samples were identified as GC2%, GC4%, GC6%,
GC10%, and GC20%, respectively.

The experiments were carried out in the thermo-
balance TGAS0H from Shimadzu. Alumina crucibles of
70 pL with perforated lid were used as sample support.
The heating rate used was 50°C min ' under dynamic
nitrogen atmosphere with a flow rate of 100 mL min .
The mass used was approximately 19 mg.

Results and discussion

Table 1 shows the physical-chemical characteristics
of gasoline type C, and gasoline type C doped with
kerosene. Tests of distillation method ASTM D-86,
density 20/4 ASTM D 1298, and alcohol content were
carried out.

It was observed that the addition of kerosene to
gasoline sample does not affect the distillation tem-
perature corresponding to distillates 10, 50, 90%,
density and FBP — final boiling point — significantly.
There is a small variation in temperature for 90% dis-
tillate and FBP only for the sample doped with 20%
kerosene, which would compromise volatilization of
heavy fractions and result in the formation of soot and
residues as combustion products.

Figure 1 shows the TG curve of solvent-free gas-
oline (gasoline type A). It is observed that the mass
loss is gentle and continuous, characterized by over-
lapping of four rather discrete events. DTG curve al-
lows the observation of the overlapping events.

Figure 2 shows the TG/DTG curve of anhydrous
alcohol. Its volatilization occurs in a single, smooth,
and continuous stage. Mass loss occurs in the inter-
val 59-193°C. The DTG peak indicates a maximum
mass loss around 160°C.

Table 1 Analysis of gasoline type C and gasoline type C doped with kerosene

Distillated Specification

fraction/°C values GC0% GC2% GC4% GC6% GC10% GC20%
10% 60 max. 60.6 58.0 57.9 60.0 58.9 62.2
50% 80 max. 70.6 72.6 73.5 73.7 73.6 114.0
90% 145-190 166.0 172.4 179.1 182.2 187.8 199.9
FBP 220 max. 212.0 2159 220.4 222.6 223.4 228.8
dyoy gmL™! - 0.7585 0.7599 0.7585 0.7608 0.7406 0.7541
Alcohol/V% 24+1 24.1 24.1 24.0 24.0 243 24.2
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Fig. 2 TG and DTG curves of ethyl alcohol

Figure 3 shows the overlapping of the TG curves
of alcohol, gasoline type A and gasoline type C. It is ob-
served that the addition of alcohol to gasoline produces
a differentiated separation of some fractions of gasoline,
which occurs in three distinct stages. It can be seen that
the addition of alcohol, as allowed by law, affects the
volatility characteristic of some gasoline fractions, mak-
ing the mass loss more pronounced in comparison to the
mass loss given by the TG curve of type A gasoline.
Figure 4 shows the overlapping of the DTG curves,
which allows a better observation of this event.

Fig. 4 DTG curves of gasoline type A, gasoline type C, and
ethyl alcohol

From TG and DTG curves, it can be anticipated
that the mass loss of type C gasoline occurs in three
stages, which corresponds to the volatilization of the
light fractions (first event), intermediate fractions
(second event), and heavy fractions (third event). The
first event overlaps the second one, which makes its
observation difficult. Table 2 presents the transition
temperature ranges obtained from TG/DTG curves of
gasoline type C.

Figure 5 displays the overlapping of the TG
curves of samples of gasoline type C doped with kero-

Table 2 Events observed on TG and DTG curves of gasoline type C

TG Temperature/°C Event

1* mass loss 32.8-74.1 Vaporization of light fractions

2" mass loss 74.1-134.5 Vaporization of intermediate fractions

3 mass loss 134.5-221.3 Vaporization of heavy fractions

DTG Temperature/°C Event

1% peak 100.5 Vaporization of light and intermediate fractions
2" peak 164.7 Vaporization of heavy fractions
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Table 3 Mass loss (%) observed in TG curves of the gasoline type C doped with kerosene

Mass loss/%
GC0% GC2% GC4% GC6% GC10% GC20%
1% step 10.3 13.3 11.4 11.4 9.9 134
2" step 55.8 454 44.0 429 40.3 32.8
3" step 28.3 333 38.8 39.9 42.1 46.9

sene. The curves of gasoline type C and kerosene are
also shown. According to the TG curves, the addition
of kerosene to gasoline does not provoke significant
changes in its thermal behavior. DTG curves (Fig. 6)
allows the observation of these changes.

The addition of kerosene to gasoline type C af-
fects the volatility of heavy fractions of the fuel,
which is evidenced by the broadening of the third
event recorded in DTG curves.
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Fig. 5 TG curves of gasoline type C doped with kerosene, gas-
oline type C and kerosene
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Fig. 6 DTG curves of gasoline type C doped with kerosene
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Table 3 presents the mass losses (in %) obtained
in TG curves of the samples of the gasoline doped
with kerosene where is observed the decreasing mass
losses in the 2™ stage and increasing mass losses in
the 3" stage in relation to the gasoline type C. These
observations are explained by the components of the
kerosene; the heavy fractions have difficulties to vol-
atilize and tend to stay in the crucibles making the
mass loss more slowly.

Although the maximum degradation temperature
of kerosene is approximately 240°C, it is not observed
the degradation of the gasoline samples doped with
kerosene at this temperature, even with 20% content.

Conclusions

In internal combustion engines, the changes in fuel
properties may provoke problems related to fuel detona-
tion as the heavier fractions tend to build up in the cylin-
ders and promote the formation of residues and the in-
complete burning of hydrocarbons. As a result, the
vehicle will present power loss and harm the environ-
ment. The addition of kerosene to gasoline provokes
modifications in the thermal behavior of the gasoline
causing variations in the volatility of the components of
the heavy fractions. This alteration may cause problems
related to the detonation of the combustible in combus-
tion engines because the heavier fractions tend to accu-
mulate in the cylinders of the cars.

The thermogravimetric (TG) curves of the sam-
ples of type C gasoline doped with kerosene display
reduced mass loss in the second stage, relative to the
volatilization of light and intermediate fractions, and
increased mass loss in the third stage. This change is
explained by the composition of kerosene, which is a
mixture of hydrocarbons of high molar mass. Its con-
stituents tend to concentrate in the heavier fractions,
building up in the pan and making volatilization diffi-
cult and slowing down mass loss. Even with 20% ker-
osene, there was no significant change of onset tem-
peratures of gasoline adulterated with kerosene. The
DTG curves are more suitable than the TG curves for
this comparative study.

TG/DTG can be used as an auxiliary tool in the
study of the thermal behavior of gasoline, presenting
fast comparative answers of easy interpretation.
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