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This work examined the nitration reaction of the light fraction of coking, a petroleum
refining by-product with a high proportion of aromatics and olefins, in the presence of sodium
nitrite (NaNO2), an ion-based catalytic system. The light fraction of coking is regarded as a
promising feedstock for the synthesis of numerous functional derivatives and comprises a
complex hydrocarbon mixture. The response was conducted with 59% nitric acid present at
temperatures between 70 and 80 °C, and the mass ratio of the fraction to the acid was 1:1.5.
A 61.5% product yield was achieved after two hours. Analysis of the impact of reaction
parameters on product yield and selectivity revealed that C — NO2 groups formed primarily.

O - NO, and other oxidized derivatives were generated in trace amounts, but the
presence of C — NO, groups as the primary signals was confirmed by the analytical data.
These results show that the NaNO, catalyst has a beneficial impact on the not only advances
the reaction but also offers a safer and greener substitute for traditional mixed-acid systems.
The findings imply that ion-based catalytic devices could be effective substitutes for complex
hydrocarbon mixture modification.

Keywords: Light fraction of coking, Nitration, lon-based catalysts, Sodium nitrite (NaNO3),
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INTRODUCTION

Nitration is one of the most important electrophilic substitution reactions in organic
chemistry and is widely applied for the functional modification of hydrocarbons. Nitro-
containing compounds are extensively used as key intermediates in the production of dyes,
pharmaceuticals, agrochemicals, corrosion inhibitors, and energetic materials. Introduction of
the nitro group significantly affects the chemical reactivity, polarity, and industrial value of
hydrocarbon substrates, making nitration a strategically important transformation in
petrochemical and fine chemical industries.

Traditional nitration processes are commonly carried out using mixed acid systems
based on concentrated nitric and sulfuric acids. Although these methods provide high reaction
rates, they are associated with several disadvantages, including low selectivity, formation of
poly-nitrated and oxidized byproducts, strong corrosiveness, and serious environmental and
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safety concerns. In addition, the generation of large volumes of acidic waste limits the
sustainability and industrial attractiveness of conventional nitration technologies. Therefore,
the development of alternative nitration systems that are more selective, safer, and
environmentally benign has become an important research direction.

In recent years, ion-based catalytic systems and nitrite-derived nitrating agents have
attracted growing interest as greener alternatives to classical acid mixtures. Sodium nitrite
(NaNO.,), in particular, enables controlled nitration under milder conditions and promotes
selective C—NO, bond formation while suppressing excessive oxidation and undesired side
reactions. Such systems are consistent with the principles of green chemistry and offer
improved operational safety.

The light fraction of coking is a petroleum refining byproduct characterized by a
complex mixture of aromatic and olefinic hydrocarbons. Owing to its high content of reactive
components, this fraction represents a promising feedstock for chemical functionalization.
However, selective nitration of such multicomponent systems remains insufficiently explored.
This study investigates the selective nitration of the light fraction of coking using a sodium
nitrite-based ionic catalytic system, aiming to achieve high selectivity and yield under relatively
mild reaction conditions [1-4].

EXPERIMENTAL
As a by-product of petroleum refinement light coking flue gas is a complex mixture of
hydrocarbons that is high in olefins and aromatics. It is a good feedstock for nitration reactions

because of its versatile composition and high concentration of reactive elements.

Table 1. Main physicochemical indicators of the light fraction of coking

Property Value
Density (20°C) 0.8635 g/lcm?
Breakage indicator 1.4888
Dynamic viscosity 0.96 mm?/s
Average molar mass 196 g/mol
Aromatic and olefin composition 32%

Initial boiling point (IBP) 143-156°C
Final boiling point (FBP) 364-378°C
Distillation range (5%-95%) It is wide.
Ignition temperature 57.5-67.5°C
Distillation output ~99%

The physicochemical indicators shown in the table demonstrate that the light coking
fraction is a reactive hydrocarbon mixture with a medium fraction and multiple components.
Given its refractive index of 1. 4888 and density of 0. 8635 g/cm? it is rich in both aromatic and
aliphatic components. The light coking fractions good fluidity and uniform mixing in the reaction
medium are indicated by its dynamic viscosity of 0. 96 mm?/s. According to its average molar
mass of 196 g/mol the majority of its constituents are carbon chain compounds C1,—Cia.

The presence of 32% aromatic and olefin components in the light coking fraction as
determined by the sulfonation analysis indicates that it is a good substrate for nitration and
has high reactivity. Boiling point ranges are broad (IBP: 143-156°C FBP:. The complex and
irregular structure of the ;ight fraction of coking is reflected in the steep distillation range (364—
378°C). It is a reasonably dangerous substance as indicated by its flash point (57. 5-67. 5°C).
e. flammable liquid. The distillation yield of approximately 99 percent suggests that this fraction
is a useful substrate for post-reaction product separation and analysis.

In the 600-4000 cm™ range spectral analyses were performed using a BRUKER
ALPHA FT-IR spectrometer. Characteristic absorption bands verified that the light fraction of
coking contained aromatic olefin and paraffin components.
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RESULTS AND DISCUSSION

Using a BRUKER ALPHA FT-IR the light fraction of cokings infrared (IR) spectrum was
captured. Spectrometer at wavelengths between 600 and 4000 cm-1 and Figure 1 displays
the findings.

g
I S
8
8 3
8 % g8 = ﬁé;l
8 | ’8’
£ il 4
g8 v ]
c
S 2
€ ]
5o
8
-
|
»
. g
I
8 %
&
BROKER
l] . BT, | 9 "B: F 9 8 B A 9 8 & € g 0. 9 ¥ W % 9 N @ 9 © 9 U 9 «§ 9 8

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wavenumber cm-1

Figure 1. IR spectrum of the Light fraction of coking

Typical absorption bands in the spectrum were as follows.
« Deformation vibrations of CH, groups: 722, 1376, and 1457 cm’
» Stretching vibrations of CH, groups: 2852, 2921, and 2953 cm"’
« Stretching vibrations of C = C bonds: 1641 cm™
« Stretching vibrations of C — C bonds in the benzene ring: 1604 cm-*
« Deformation signals of aromatic C—H bonds in the benzene ring: 743, 809 and 882 cm™*

« Deformation signals corresponding to C=C and C—C bonds: 908, 965, and 992 cm""’

The complex mixture of aromatic olefin and paraffin components that make up the light
fraction of coking are confirmed by these bands.

In this study the corresponding nitro compound was obtained by nitrating the light
coking flue gas in the presence of ionic sodium nitrite (NaNO,). It was determined how reaction
conditions affected the yield and selectivity of the final product. [10]

At temperatures between 70 and 80 °C nitration reactions were conducted. The mass
ratio of nitric acid to light fraction of coking was set at 1: 1. 5 (gram/gram) and the reaction
was conducted with 59 percent HNO;. The systems yield was 61. 5% after a 2-hour reaction
time. The successful integration of the obtained products structure and functional groups was
validated by 1Q analysis [15-20].

The spectrum exhibited the following characteristic absorption bands:

« Deformation vibration of CH, groups: 1456 cm™’

« Stretching vibrations of CH, groups: 2855, 2925, and 2954 cm™’

« Stretching vibration of the O—NO; group: 1642 cm"

« Characteristic stretching signals of the C—-NO, group: 1341, 1531, and 1549 cm"’
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Figure 2, 1Q spectrum of the nitro derivative obtained with NaNOs

The spectrum also showed a weak absorption band at 1707 cm™ that was associated
with the carbonyl (C=0) group.

The NO, functional group has been successfully incorporated into the nitro products
structure according to these spectral data. The structural features of the light coking fraction
before and after nitration were further investigated by "H NMR spectroscopy using a BRUKER-
Fourier spectrometer (300.18 MHz, CDCI5).

The "H NMR spectrum of the untreated light fraction of coking exhibits resonance signals
in the range of 0.71-1.05 ppm, attributed to methyl (—CH;) protons, while signals observed at
1.05-1.50 ppm correspond to methylene (—CH,—) groups of aliphatic chains. The resonance
signals in the region of 1.50-2.13 ppm are assigned to protons of naphthenic rings. Signals
appearing at 2.13-3.71 ppm are related to methylene and methine protons located in the a-
position relative to aromatic rings and double bonds. The presence of olefinic protons is
confirmed by signals at 4.60-5.95 ppm, whereas aromatic protons are observed in the range

of 6.70-8.50 ppm.
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Figure 3. Untreated light fraction of coking
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After nitration, the 'H NMR spectrum of the nitrated light coking fraction shows
noticeable changes. The methyl and methylene proton signals remain in the regions of 0.72—
1.01 ppm and 1.01-1.49 ppm, respectively, indicating preservation of the hydrocarbon
backbone. Resonance signals at 1.49-2.11 ppm correspond to naphthenic structures. A new
set of signals observed in the range of 2.11-3.24 ppm is attributed to protons of CH-NO,
fragments and a-positioned CH, and CH groups adjacent to aromatic rings, confirming the
incorporation of nitro functionality. Aromatic proton signals are detected at 6.90-8.20 ppm,
indicating that the aromatic framework remains largely intact after nitration.
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Figure 4. NaNO,-catalyzed nitrated light fraction

The comparative analysis of proton distribution demonstrates that nitration
predominantly affects the a-position of aromatic and olefinic structures, while the overall
aromaticity degree remains nearly unchanged. These results confirm the selective formation
of C-NO, bonds, in agreement with NMR spectroscopy data.

CONCLUSION

The studys outcome was the successful nitration of coking light fraction in the
presence of an ion-based catalyst based on NaNO,. The products high content of C-NO,, type
functional groups was confirmed and a yield of 61. 5% was achieved. According to the tenets
of green chemistry the low amount of O-NO, and other byproducts indicates that this method
is a safer and more environmentally friendly substitute. '"H NMR spectroscopy confirms that
nitration of the light coking fraction occurs selectively while preserving the main hydrocarbon
backbone. The emergence of signals attributed to CH-NO, and a-substituted CH/CH, groups
indicates the formation of C—NO, bonds without significant loss of aromaticity. The largely
unchanged aromatic proton region supports selective a-nitration, in agreement with IR
spectroscopy results.
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