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Introduction

Kerosene oil is a petroleum compound and fuel
produced from the distillation of crude oil. It is used
as heating fuel and is a major component of aircraft
fuel [1,2]. Kerosene oil is one of the strongest
chemical solvents in the textile industry, polymer resin
industries, including phenolic resin, sherlocks, machine
detergents, and wire and cable coatings. Moreover,
this compound is used as a solvent in downstream
industries, adhesives, formaldehyde, antifreeze,
various plastics, OME production, propylene (MTP),
and olefins (MTO) production. In the past, kerosene
oil was utilized as a surgical antiseptic and wood
preservative.

Kerosene is a mixture of hydrocarbons containing
10 different types, each molecule containing 10 to
16 different carbon atoms. The main components
of kerosene oil are straight-chain, branched-chain
saturated paraffins, and ring-shaped cycloparaffins
(naphthenes). Kerosene oil contains 55.2% paraffin
(normal paraffin and isoalkanes have 7-18 carbon
atoms), 40.9% naphthalene, and 3.9% aromatic
compounds. This mixture has a density lower than
water. In addition, this compound has a boiling point
lower than 280 °C and can be solubilized in water
at 25 °C with a solubility of 3.6-3.5 g/L [3.4]. Some
compounds present in kerosene oil are normal heptane,
normal octadecane, cyclohexane, benzene, ortho and
meta-xylene, and naphtha.

Zirconium oxide's composition data show that it can
produce hydroxide radicals under different conditions
[5-8]. Also, isomerization of alkane compounds in the
presence of zirconium oxide derivatives was reported.
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The thermal decomposition of fuels like kerosene oil
is a complex process, and different mechanisms can be
used to degrade petroleum compounds based on their
structure. Therefore, in this study, for the first time, the
degradation of kerosene oil using a nano zirconium
oxide catalyst in an aqueous environment was
investigated. Then a mechanism for the degradation of
it is reported.

Materials and Methods

In this study, nano zirconium oxide was purchased
from Sigma Company. Kerosene oil was obtained from
the National Iranian Oil Company in the Southern Oil-
rich Regions. A pH meter (Metrohm 713) was used to
measure the pH of water. Furthermore, the density of
the samples was measured using an Anton Paar density
meter, DMA 45. The viscosity of the samples was
measured using a Cannon-Fenske Viscometer in a tube
with a constant of 0.0021607. A Hettich MIKRO 185
centrifuge was used to separate the catalyst from the
reaction mixture. Also, the percentage of elements in
the raw material and the reaction mixture was measured
by a GC device, and the values were compared with
the ASTM D2163 sample.

Preparation of Mixture

In this study, a mixture of distilled water and oil with
different volume ratios was prepared in a 100 mL flask
equipped with a condenser system and a connector to
trap the gas resulting from oil degradation (Fig. 2). The
degradation reaction of kerosene in the presence of
nano zirconium oxide catalyst was investigated under
different conditions (Tables 1 and 2).
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Table 1 Optimized conditions for the degradation of kerosene oil water mixture in the presence of zirconium oxide nanocatalyst.

Entry | A mount of catalyst. (g) | Ratio water/oil | Temperature (°C) | Time (h) | Density (g/mL), T (°C) | pH-water

1 0.1 5/40 25 3 0.7885 (25) 7.00

2 0.2 10/40 25 3 0.7882 (25) 7.00

3 0.1 5/40 reflux 3 0.7880 (26)) 5.75

4 0.1 10/40 reflux 3 0.7875 (25)) 6.10

5 0.2 10/40 reflux 3 0.7805 (25)) 4.40

6 0.5 10/40 reflux 3 0.7802 (26 5.53
Table 2 Determining the kinematic and dynamic viscosity for the samples in Table 1.

Entry | Kinematic viscosity time (s), T (°C) Kinematic viscosity (v) (cst) Dynamic viscosity (p) (cp)

1 650.45 (32) 1.41 1.11

2 650.60 (33) 1.41 1.11

3 705.45 (32) 1.52 1.20

4 712.35(33) 1.54 1.21

5 720.59 (32) 1.56 1.22

6 720.13(33) 1.56 1.21

After the reaction was completed, the catalyst was
separated from the reaction mixture by centrifugation.
Unreacted water was separated using a separator
funnel. The viscosity of the sample was measured by
a Cannon-Fenske Viscometer equipped with a water
bath and a mechanical stirrer (Table 2). The density
of the sample was measured using the device at the
temperatures mentioned in Table 1.

Results and Discussion

The degradation of kerosene oil was investigated by
adding different amounts of nano zirconium oxide
as a catalyst to the reaction mixture under different
conditions (Table 1).

Kinematic and dynamic viscosities were calculated
using Equations 1 and 2, and the results are shown in
Table 2.

v(cst) =time(Sce.)xc (1)
c is a constant that depends on the diameter, length,
height, and material of the capillary tube.

U(cP) ©)

g
p(mL)

The results obtained from gas chromatography analysis
of four kerosene oil samples before the reaction and
with different oil/water ratios and in the presence of
various amounts of zirconium oxide catalyst for 3 h
were reported (Tables 3-6).

v(cst) =

Table 3 Components in kerosene before reaction (comparison test based on the ASTMD2163 standard).

Compound A mount (%mol) | Compound A mount (%mol) | Compound A mount (%mol)
CH, 0.00 CH, 10.44 C.H,, 1.57

CH, 000 C,H,, 26.52 C,H,, 0.99

C,H, 000 C,H, 20.22 C,H, 0.66

CH, 000 C,H, 12.46 C,H, 0.23

CH, 0.00 C,H,, 8.77 C,H,, 0.04

CH, 0.02 CH, 6.68 C,H, 0.12

CH, 0.50 C.H, 5.10

CH,, 2.88 C, H,, 2.80

parison test based on ASTMD2163 standard).

Table 4 Components in kerosene after 3 hours of reaction with an oil/water ratio of 40:10 and 0.5 g of zirconium oxide (com-

Compound A mount (%mol) | Compound A mount (%mol) | Compound A mount (%mol)
CH, 0.00 CH,, 8.59 C.H,, 1.62

CH, 000 C,H,, 27.52 C,H,, 0.68

C,H, 000 C,H, 22.37 C,H, 0.65

CH, 000 C,H, 13.00 C,H, 0.17

CH, 0.00 C,H, 9.24 C,H,, 0.06

CHI1, 0.02 C H, 7.03 C,H, 0.01

CH, 0.00 C.H,, 5.37

CH,, 0.55 C,H,, 2.84
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Table 5 Components in kerosene oil after 3 hours of reaction with an oil/water ratio of 40:5 and 0.2 g of zirconium oxide
(comparison test based on ASTMD2163 standard).

Compound A mount (%omol) Compound A mount (%mol) Compound A mount (%mol)
CH, 0.00 CH,, 10.19 C H,, 1.63

CH, 000 C,H, 26.84 C,H 1.02

CH, 000 C,H, 21.56 C,H, 0.70

CH, 000 CH,, 11.98 C,H, 0.19

CH, 0.00 C,H, 8.92 C,H, 0.08

CH, 0.02 C H, 6.76 C,H, 0.01

CH, 0.06 C,H,, 5.21

CH, 2.03 C,H,, 2.82

Table 6 Components in kerosene after 3 hours of reaction with an oil/water ratio of 40:5 and 0.5 g of zirconium oxide
(comparison test based on ASTMD2163 standard).

Compound A mount (%mol) | Compound A mount (%mol) | Compound A mount (%emol)
CH, 0.00 CH,, 9.67 C.H, 1.68

CH, 000 C,H,, 27.28 C,H,, 1.04

CH, 000 C,H, 21.23 C,H, 0.70

CH, 000 C,H, 12.30 C,H, 0.22

CH, 0.00 C,H, 9.29 C,H,, 0.08

CH, 0.02 C H, 7.06 C,H, 0.01

CH, 0.00 C.H,, 5.47

CH, 1.03 C H,, 2.91

The results obtained from the initial kerosene oil show
that the specific density of this compound relative to
water at a temperature of 15.5°C is 0.7455 and the
molecular weight of this sample is 163.56 g/mol. The
results for the percentage of hydrocarbon fragments in
this compound are as follows:

1) Oil fragment percentage (%omol) C7+ is 98.99

2) Oil fragment percentage (%mol) C10+is 16.86

3) Oil fragment percentage (%omol) C12+ is 42.39

In addition to the percentage of compounds in each oil
cut, the specific gravity and molecular weight of these
cuts are given below respectively.

a) For C10+ fragment, 0.7500 and 169.88

b) For C12+ fragment, 0.7636 and 195.40

The reaction of a mixture of kerosene oil and water
(40:10) with 0.5 g of zirconium oxide catalyst was
carried out for 3 hours and the results are listed below.
The specific density of this compound at 15.5°C is
0.7472 and the molecular weight of this sample is
165.56 g/mol. Also, the percentage of hydrocarbons
fragment in this mixture is as follows:

The oil cut percentage (%omol) for C7+ is 100.00

5) Oil fragment percentage (%omol) C10+ is 90.85

6) Oil fragment percentage (%omol) C12+ is 97.40
Below are the specific density and molecular weight of
each oil fragment.

c¢) For C10+ fragment, 0.7499 and 40.169

d) For C12+ fragment, 0.7634 and 75.194

Comparing the data reported in rows 4-6 with the data
in rows 1-3 indicates that some oil fractions increase

and decrease kerosene oil compounds in the presence
of zirconium oxide catalyst, which confirms the data
obtained from pH and viscosity measurements.

The conversion of the oil fraction between C10+-C12+
has increased significantly, and the only mechanism
that can be proposed for this change is the separation
of part of the molecule as CO, gas, given the pH <7.
Comparing the results of rows (c and d) with the data
reported in rows (a and b) shows that the degradation
of kerosene oil was carried out in the presence of this
catalyst. Considering the significant reduction in the
molecular weight of the C10+ fragment, it can be
concluded that the rate of decomposition of this oil,
cut into the C7+ fragment is greater than the rate of
degradation of the C12+ cut into this oil cut. Tables
5 and 6. According to data reported in Tables 5 and 6,
there can be similar explanations for them.

The data obtained led to the proposal of a presence of
nano zirconium oxide ( as seen in Scheme 1).
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