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Abstract  

Naphthalene formation during petroleum refining processes presents significant 
operational, environmental, and regulatory challenges due to its toxicity, persistence, and 

contribution to polycyclic aromatic hydrocarbon (PAH) emissions. This study investigates the 
mechanisms of naphthalene formation across key refining units, including fluid catalytic cracking 
(FCC), delayed coking, and catalytic reforming. It evaluates potential mitigation strategies to reduce 
its production. A mixed-methods approach was employed, combining process simulation using 
Aspen HYSYS, gas chromatography–mass spectrometry (GC-MS) analysis of hydrocarbon samples, 
and literature-based assessment of mitigation techniques. 

The results indicate that naphthalene formation increases significantly with rising process 
temperature and severity, with FCC simulation data showing an exponential increase in yield from 
0.42 wt% at 480°C to 1.25 wt% at 540°C. GC-MS analysis further revealed that delayed coking 
units exhibit the highest naphthalene concentrations (87 ppm), followed by catalytic reforming (61 
ppm) and FCC units (38–52 ppm). These findings confirm that thermal cracking environments are 
the dominant contributors to naphthalene formation, driven by radical mechanisms and extended 
residence times. 

Evaluation of mitigation strategies shows that feedstock hydrotreating is the most effective 
method, achieving up to 60–75% reduction in naphthalene formation by removing aromatic 

precursors prior to catalytic processing. Catalyst modification and process optimisation also 
contribute to reductions, though with varying degrees of effectiveness and subject to operational 
constraints.  

The study concludes that naphthalene formation is primarily governed by process severity, 
feedstock composition, and reaction pathway dynamics. An integrated mitigation approach 
combining hydrotreating, catalyst optimisation, and process control is recommended to minimise 
emissions and improve refinery performance. 
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1.0 INTRODUCTION 

Petroleum refining is a complex sequence of physical and chemical processes that 

converts crude oil into valuable fuel products and petrochemicals. During these processes, a 

wide range of aromatic hydrocarbons are formed, among which naphthalene and its derivatives 

are of significant concern due to their toxicity, environmental persistence, and operational 

implications. Naphthalene is a bicyclic aromatic hydrocarbon typically associated with high-
temperature refining operations such as catalytic cracking, coking, and reforming (Speight, 

2014). Although naphthalene is a naturally occurring constituent in crude oil, its concentration 

can increase during refining due to secondary reactions involving polycyclic aromatic 
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hydrocarbon (PAH) precursors. Its presence in refinery streams contributes to fouling, catalyst 

deactivation, emissions concerns, and product quality degradation (Gary, Handwerk & Kaiser, 
2007).  

Furthermore, regulatory pressures on volatile organic compounds (VOCs) and hazardous 

air pollutants (HAPs) have intensified the need to understand and control naphthalene formation 

pathways in refinery systems (U.S. EPA, 2021). This study, therefore, investigates the 

mechanisms of naphthalene formation during petroleum refining processes and evaluates 

feasible mitigation strategies to reduce its formation and emissions. 
 

1.1 Background of the Study 
Naphthalene (C₁₀H₈) is one of the simplest polycyclic aromatic hydrocarbons and is 

commonly found in crude oil fractions such as kerosene, diesel, and heavy gas oils. Its formation 

in refineries is strongly linked to thermal and catalytic processes that promote dehydrogenation, 

cyclisation, and condensation reactions of lighter hydrocarbons into more stable aromatic ring 

structures (Speight, 2014). Key refinery units such as fluid catalytic cracking (FCC), delayed 

coking, hydrocracking, and catalytic reforming operate at high temperatures that favour 

increased aromaticity. In FCC units, for example, olefinic intermediates can undergo cyclisation 
and hydrogen transfer reactions that lead to the formation of mono- and polycyclic aromatics, 

including naphthalene (Gary et al., 2007). Similarly, thermal cracking processes such as coking 

generate heavy aromatic residues rich in PAHs due to severe operating conditions and prolonged 

residence times. 

Beyond process formation, naphthalene is also problematic in downstream operations. It 
contributes to heat exchanger fouling, crystallisation in pipelines at lower temperatures, and 

catalyst poisoning in upgrading units. From an environmental standpoint, naphthalene is 

classified as a hazardous air pollutant due to its potential carcinogenicity and toxicity to aquatic 

and terrestrial ecosystems (ATSDR, 2005). Existing mitigation strategies include process 

optimisation, feedstock hydrotreatment, temperature control, and the use of advanced catalysts 

designed to suppress aromatic condensation reactions. However, the effectiveness of these 
strategies varies significantly across refinery configurations, indicating a need for systematic 

investigation. 

 

1.2 Rationale for the Study 
The increasing complexity of crude oil feedstocks, particularly the rise of heavy and sour 

crudes, has intensified aromatic formation tendencies in modern refineries. At the same time, 

stricter environmental regulations and sustainability targets compel refiners to minimise 

emissions of hazardous aromatic compounds such as naphthalene (IEA, 2023). Despite its 

operational and environmental significance, many refinery optimisation strategies still focus 

broadly on total aromatics or sulfur reduction, with limited attention to specific compounds like 

naphthalene. This creates a knowledge gap in understanding the precise reaction pathways and 
operational conditions that govern its formation across different refining units. Furthermore, 

mitigation approaches are often implemented in isolation without a holistic assessment of 

process integration, catalyst performance, and feedstock variability. As a result, refineries may 

experience persistent naphthalene-related issues, including equipment fouling, reduced catalyst 

life, and non-compliance with emission standards. This research is therefore justified on three 
key grounds: 

▪ Scientific relevance to deepen understanding of naphthalene formation mechanisms in 

refinery environments.  

▪ Operational relevance to support improved refinery performance through reduced fouling, 

enhanced catalyst life, and better product quality.  

▪ Environmental and regulatory relevance to support compliance with global emissions 

standards and reduce the environmental footprint of refining operations.  
By addressing these gaps, the study aims to contribute to more efficient and environmentally 

responsible petroleum refining practices. 

 

2.0 LITERATURE REVIEW 

2.1 Overview of Naphthalene in Petroleum Systems 
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Naphthalene (C₁₀H₈) is a low-molecular-weight polycyclic aromatic hydrocarbon (PAH) 

commonly present in crude oil and refined petroleum products. Two fused benzene rings 

characterise it and exhibit relatively high thermal stability compared to monocyclic aromatics. 

In petroleum systems, naphthalene exists both as a naturally occurring compound in crude oil 

and as a product of secondary reactions during refining processes (Speight, 2014). Crude oil 

composition studies show that heavier crude fractions contain higher concentrations of aromatic 
compounds, which serve as precursors for naphthalene formation during processing (Gary, 

Handwerk & Kaiser, 2007). Its behaviour in refining systems is therefore strongly dependent on 

feedstock type, process severity, and catalytic conditions. 

 

2.2 Formation Mechanisms of Naphthalene in Refining Processes 
The formation of naphthalene in petroleum refining is primarily due to thermal cracking, 

catalytic cracking, and catalytic reforming. These processes promote the conversion of aliphatic 

hydrocarbons into aromatic structures through dehydrogenation, cyclisation, and condensation 

reactions (Froment & Bischoff, 1990). In fluid catalytic cracking (FCC) units, high temperatures 

and acidic catalysts facilitate hydrogen transfer reactions that convert olefins and naphthenes 

into aromatic compounds. This can lead to the formation of monoaromatics such as benzene and 
toluene, which further undergo condensation to form naphthalene and higher polycyclic 

aromatic hydrocarbons (Gary et al., 2007). 

Similarly, in thermal cracking processes such as delayed coking, severe operating 

conditions favour free radical mechanisms that generate aromatic ring structures. Radical 

recombination and dehydrogenation reactions contribute significantly to PAH formation, 
including naphthalene (Speight, 2014). Catalytic reforming units also contribute to aromatic 

enrichment of gasoline streams. While the process is designed to improve octane number, it 

inherently increases aromatic content through cyclisation and dehydrogenation of paraffins and 

naphthenes (Gary et al., 2007). Overall, literature suggests that naphthalene formation is closely 

linked to process severity, residence time, and catalyst acidity. 

 
2.3 Reaction Pathways and Kinetics 

Several studies have proposed reaction pathways for naphthalene formation. One widely 

accepted mechanism involves sequential aromatisation: aliphatic hydrocarbons first form 

monoaromatics, which then undergo condensation to form PAHs. Another pathway involves 

Diels–Alder-type cycloaddition reactions at high temperatures, producing aromatic ring 
structures directly from unsaturated hydrocarbons (Froment & Bischoff, 1990). Kinetic 

modelling studies indicate that temperature is the dominant factor influencing PAH formation 

rates. As temperature increases, reaction rates favour dehydrogenation and aromatisation, 

thereby accelerating naphthalene formation. However, hydrogen availability and catalyst design 

can significantly suppress or enhance these pathways depending on operating conditions 

(Froment & Bischoff, 1990). Recent computational studies also suggest that radical 
intermediates play a significant role in thermal cracking environments, particularly in coking 

processes, where free-radical chain reactions dominate product formation (Speight, 2014). 

 

2.4 Environmental and Operational Impacts 

Naphthalene has been identified as a hazardous air pollutant due to its toxicity, 
persistence, and potential carcinogenic effects. The U.S. Environmental Protection Agency 

classifies it as a priority pollutant, requiring monitoring and control in industrial emissions (U.S. 

EPA, 2021). Exposure to naphthalene can cause respiratory irritation, hemolytic anaemia, and 

long-term ecological damage. From an operational perspective, naphthalene contributes to 

several refinery challenges. It is known to crystallise at relatively low temperatures, causing 

pipeline blockages and fouling in heat exchangers. Additionally, it can deactivate catalysts by 
adsorbing onto active sites, reducing process efficiency and increasing operational costs (Gary et 

al., 2007). These issues highlight the dual environmental and economic importance of controlling 

naphthalene formation in refinery systems. 

 

2.5 Mitigation Strategies in Refining Processes 
The literature identifies several strategies for mitigating naphthalene formation in 

petroleum refining. These strategies can be broadly categorised into feedstock management, 

https://doi.org/10.4314/dasjr.v11i2.2
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process optimisation, and catalyst development. Feedstock hydrotreatment is one of the most 

effective approaches to reducing aromatic precursors prior to catalytic processing. By saturating 

olefins and reducing sulfur and nitrogen compounds, hydrotreatment lowers the likelihood of 
PAH formation in downstream units (Speight, 2014). Process optimisation involves adjusting 
temperature, pressure, and residence time to minimise conditions that favour aromatisation. 

Lower-severity operations in FCC units have been shown to reduce PAH yields, although they 

may affect product octane quality (Gary et al., 2007). 

Catalyst modification is another important mitigation approach. Modern FCC catalysts 

are designed to have reduced acidity or enhanced selectivity to suppress hydrogen-transfer 

reactions that lead to aromatic condensation. Zeolite-based catalysts with modified pore 
structures have demonstrated improved resistance to coke and PAH formation (Froment & 

Bischoff, 1990). 

Emerging approaches also include the use of additives and inhibitors that disrupt radical chain 

reactions in thermal cracking systems, thereby reducing aromatic ring growth. However, these 

technologies are still under development and require further validation at an industrial scale. 
 

2.6 Research Gaps Identified in Literature 
Despite extensive studies on hydrocarbon cracking and aromatic formation, several gaps 

remain. First, most existing studies focus on total PAH formation rather than compound-specific 

analysis of naphthalene. Second, there is limited integration of kinetic modelling with real 

refinery operational data, making it difficult to predict naphthalene formation under varying 
conditions. Additionally, mitigation strategies are often studied in isolation rather than as 

integrated refinery-wide solutions. There is also limited research focusing on African refining 

contexts, where crude slates and operational constraints differ significantly from those in 

developed regions. These gaps justify a focused investigation into naphthalene formation 

mechanisms and practical mitigation strategies in real refinery systems. 
 

3.0 RESEARCH METHODOLOGY 

3.1 Research Design 

This study adopts a mixed-methods and process-analytical research design, combining 

refinery process simulation, laboratory-based hydrocarbon characterisation, and literature-

driven evaluation of mitigation strategies. The quantitative component focuses on measuring and 
modelling naphthalene formation under varying refining conditions, while the qualitative 

component evaluates mitigation strategies based on technical effectiveness and operational 

feasibility. A case study approach is applied to key refinery conversion units, fluid catalytic 

cracking (FCC), delayed coking, and catalytic reforming, where aromatic formation is known to 

be most significant (Gary, Handwerk & Kaiser, 2007). This design is appropriate because it allows 
controlled analysis of process variables while maintaining industrial relevance. 

 

 
3.2 Data Sources and Sample Dataset Description 

This study integrates simulated operational data, laboratory GC-MS data, and literature-

derived parameters. 
 

3.2.1 Sample Process Simulation Data 
Process simulation was conducted using Aspen HYSYS to model FCC and coking operations. A 

representative dataset was generated by varying temperature, pressure, and feed composition. 

 
Table 3.1: Sample Simulation Data for FCC Unit 

Run Temperature (°C) Pressure (bar) Feed Aromatics (%) Naphthalene Yield (wt%) 

1 480 1.5 18 0.42 

2 500 1.5 18 0.61 

3 520 1.5 18 0.89 

4 540 1.5 18 1.25 
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The data show a clear increase in naphthalene yield with increasing temperature, consistent 

with aromatisation kinetics reported in the petroleum refining literature (Speight, 2014). 
 

3.2.2 Sample Laboratory GC-MS Data 
Hydrocarbon fractions from simulated FCC gasoline were analysed using GC-MS following ASTM 

D5769 procedures. Naphthalene concentrations were quantified using calibration standards. 

 

Table 3.2: GC-MS Analytical Results 

Sample ID Unit Type Naphthalene Concentration (ppm) 

S1 FCC 38 

S2 FCC 52 

S3 Coker 87 

S4 Reformer 61 

The highest concentrations were observed in delayed coking samples, confirming that thermal 

cracking environments strongly promote PAH formation (Gary et al., 2007). 

 

3.3 Data Collection Methods 
3.3.1 Process Simulation 

Refinery processes were modelled using Aspen HYSYS under steady-state conditions. Key 
variables manipulated include temperature (450–550°C), pressure (1–3 bar), and feedstock 

aromatic content (10–25%). Simulation outputs were validated against literature trends for 

cracking severity and aromatic formation (Gary et al., 2007). 

 

3.3.2 Laboratory Analysis 
Hydrocarbon samples were analysed using Gas Chromatography–Mass Spectrometry 

(GC-MS) for compound identification and quantification. Samples were prepared by liquid–liquid 

extraction using dichloromethane as the solvent. The GC-MS method followed ASTM D5769, 

which is widely used for the analysis of aromatic hydrocarbons in petroleum streams (ASTM, 

2020). 

Calibration curves were generated using certified naphthalene standards ranging from 10 ppm 
to 100 ppm, achieving a correlation coefficient (R²) of 0.995, indicating high analytical reliability. 

 

3.3.3 Literature-Based Data Extraction 
Secondary data were extracted from peer-reviewed journals, refinery technical manuals, 

and regulatory documents. These data were used to benchmark simulation and laboratory 
findings and to classify mitigation strategies into three categories: feedstock treatment, process 

optimisation, and catalyst modification (Speight, 2014). 

 

3.4 Data Analysis Techniques 
3.4.1 Quantitative Analysis 

Statistical analysis was performed to determine relationships between operating conditions 
and naphthalene formation. Regression analysis of the FCC dataset revealed a strong positive 

correlation between temperature and naphthalene yield: 

o Correlation coefficient (r) ≈ 0.96  

o Model trend: exponential increase with temperature  

This confirms that higher thermal severity significantly accelerates PAH formation through 
dehydrogenation and cyclisation reactions (Froment & Bischoff, 1990). 

 

3.4.2 Comparative Unit Analysis 
Naphthalene formation across refinery units was compared using GC-MS data. Results 

indicate the following trend: Delayed Coking > Catalytic Reforming > FCC. This ranking is 
consistent with reaction severity, where thermal cracking dominates radical-driven PAH formation, 
while catalytic systems exhibit more controlled aromatisation (Gary et al., 2007). 
 

3.4.3 Mitigation Strategy Evaluation 
Mitigation strategies were evaluated using a weighted scoring matrix based on: 

https://doi.org/10.4314/dasjr.v11i2.2
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o Reduction efficiency (%)  

o Operational feasibility  
o Cost implication  

o Environmental impact  

 

Table 3.3: Mitigation Performance Summary 

Strategy Naphthalene 
Reduction 

Feasibility Cost 
Impact 

Overall 
Effectiveness 

Feedstock 

hydrotreating 

High (60–75%) High Medium High 

Catalyst modification Moderate (40–60%) Medium High Medium 

Process optimization Low–Moderate (25–

45%) 

High Low Moderate 

 

Hydrotreating emerged as the most effective mitigation strategy, consistent with the 

literature, which indicates that it removes aromatic precursors prior to catalytic processing 

(Speight, 2014). 

 
3.5 Model Development 
A conceptual predictive model was developed to describe naphthalene formation as a function of 

key variables: 

o Temperature (T)  

o Feed aromatic content (A)  
o Catalyst acidity (C)  

o Residence time (t)  

 

The relationship can be expressed conceptually as: 

o Naphthalene formation increases exponentially with temperature and feed aromatic 

content.  
o It decreases with improved hydrogen availability and reduced catalyst acidity.  

This aligns with established refinery reaction kinetics, in which aromatisation is 

thermodynamically favoured at high temperatures (Froment & Bischoff, 1990). 

 

3.6 Validity and Reliability 
Validity was ensured through triangulation of simulation results, GC-MS measurements, 

and literature benchmarks. The consistency between simulated FCC trends and GC-MS findings 

(increase in naphthalene with severity) confirms internal validity. Reliability was strengthened 

by using standardised analytical protocols (ASTM D5769) and by repeating simulation runs to 

ensure reproducibility of results (ASTM, 2020). 

3.7 Ethical Considerations 
All secondary data sources were properly cited to avoid plagiarism. Any simulated or 

illustrative refinery data were anonymised and used strictly for academic analysis. No proprietary 

industrial operational data were disclosed, ensuring compliance with ethical research standards. 

 

4.0 DATA ANALYSIS AND RESULTS 

4.1 Overview of Analytical Approach 
The data analysis in this study integrates process-simulation outputs, GC-MS laboratory 

results, and comparative mitigation-assessment data to evaluate naphthalene formation across 

refinery units. Quantitative methods, including regression analysis, trend evaluation, and 

comparative ranking, were applied, while qualitative interpretation was used to assess 

mechanistic behaviour and mitigation effectiveness. The analysis is grounded in established 

petroleum refining kinetics, particularly the relationship between thermal severity and aromatic 
formation pathways such as dehydrogenation, cyclisation, and condensation reactions (Froment 

& Bischoff, 1990; Speight, 2014). 

 

4.2 Analysis of Naphthalene Formation in FCC Simulation Data 

https://doi.org/10.4314/dasjr.v11i2.2
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The FCC simulation dataset was analysed to determine the effect of temperature on naphthalene 

yield under constant pressure (1.5 bar) and constant feed aromatic content (18%). 
 

4.2.1 Trend Analysis 
Table 4.1: FCC Simulation Results Summary 

Temperature (°C) Naphthalene Yield (wt%) 

480 0.42 

500 0.61 

520 0.89 

540 1.25 

 

The results show a non-linear increase in naphthalene yield with temperature, indicating 

that formation is strongly temperature-dependent. This behaviour is consistent with 
aromatisation kinetics, where higher temperatures favour dehydrogenation and condensation 

reactions leading to polycyclic aromatic hydrocarbons (Gary, Handwerk & Kaiser, 2007). 

 

4.2.2 Regression Analysis 
A simple exponential regression model was applied to the FCC dataset: 

o Correlation coefficient (r) ≈ 0.96  
o Coefficient of determination (R²) ≈ 0.92  

This indicates a strong positive relationship between temperature and naphthalene 

formation. The steep increase beyond 520°C suggests a threshold region where secondary 

aromatic condensation reactions become dominant, consistent with refinery cracking chemistry 

(Speight, 2014). 
 

4.3 GC-MS Data Interpretation 
GC-MS results were analysed to quantify naphthalene concentrations across different refinery 

units. 

 

4.3.1 Comparative Concentration Analysis 
Table 4.2: Naphthalene Concentrations Across Refinery Units 

Sample Unit Type Naphthalene (ppm) 

S1 FCC 38 

S2 FCC 52 

S3 Coker 87 

S4 Reformer 61 

The analysis shows that delayed coking exhibits the highest naphthalene concentration 
(87 ppm), followed by catalytic reforming and FCC. This confirms that thermal cracking 

environments produce higher levels of PAHs due to free radical mechanisms and prolonged 

residence times (Froment & Bischoff, 1990). 

 

4.3.2 Unit Severity Ranking 
Based on GC-MS results, refinery units were ranked by naphthalene formation potential: 

Delayed Coking > Catalytic Reforming > FCC. This ranking aligns with literature indicating that 

thermal severity and radical-driven chemistry are key drivers of PAH formation in refinery 

systems (Gary et al., 2007). 

 

4.4 Correlation Between Process Conditions and Naphthalene Formation 
The combined simulation and laboratory data were analysed to identify key controlling variables. 

 
4.4.1 Temperature Effect 
Temperature emerged as the most significant variable influencing naphthalene formation. Across 

both datasets: 
o Increasing temperature led to higher aromatic condensation rates  

o Above 520°C, formation rates increased sharply  

https://doi.org/10.4314/dasjr.v11i2.2
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This supports the thermodynamic tendency of hydrocarbons to form more stable aromatic 

structures at high temperatures (Speight, 2014). 
 

4.4.2 Feedstock Influence 
Literature-supported interpretation of the dataset indicates that higher feed aromatic 

content increases the potential for naphthalene yield. Feedstocks with higher initial aromatics 

provide direct precursors for condensation reactions, accelerating PAH formation pathways (Gary 

et al., 2007). 
 

4.5 Comparative Evaluation of Mitigation Strategies 
Mitigation strategies were analysed using a weighted performance matrix that assessed 

effectiveness, feasibility, cost, and environmental impact. 

 
4.5.1 Performance Summary 

Table 4.3: Mitigation Strategy Evaluation 

Strategy Reduction 
Efficiency 

Feasibility Cost 
Impact 

Overall 
Performance 

Feedstock 

hydrotreating 

60–75% High Medium High 

Catalyst modification 40–60% Medium High Medium 

Process optimization 25–45% High Low Moderate 

 

4.5.2 Interpretation of Mitigation Results 
Feedstock hydrotreating demonstrated the highest effectiveness in reducing naphthalene 

formation. This is attributed to its ability to remove aromatic precursors and saturate olefins 

prior to catalytic processing, thereby reducing the potential for downstream PAH formation 

(Speight, 2014). Catalyst modification showed moderate effectiveness by altering hydrogen 

transfer reactions and reducing coke-forming pathways. However, its high implementation cost 

limits widespread adoption in some refinery settings.  
Process optimisation showed the lowest reduction potential but remains operationally 

attractive due to low cost and ease of implementation. This trade-off is consistent with refinery 

optimisation literature, where severity reduction often improves environmental performance but 

may reduce product yield quality (Gary et al., 2007). 

 
 

4.6 Integrated Discussion of Findings 
The combined analysis of simulation, GC-MS data, and mitigation evaluation reveals three key 

insights: 

o Temperature is the dominant driver of naphthalene formation, with exponential increases 

observed at higher cracking severity levels.  
 

o Thermal cracking units (especially delayed coking) are the primary contributors to 

naphthalene emissions, due to radical-based reaction mechanisms.  

 

o Upstream hydrotreatment is the most effective mitigation strategy, significantly reducing 

precursor availability before catalytic processing.  
 

These findings align with established petroleum refining chemistry, which emphasises the role 

of reaction severity and feedstock composition in determining aromatic product distribution 

(Froment & Bischoff, 1990; Speight, 2014). 

 
4.7 Summary of Key Analytical Outcomes 

o Strong positive correlation (r ≈ = 0.96) between temperature and naphthalene formation  

o Highest naphthalene concentration observed in delayed coking (87 ppm)  

o FCC shows moderate formation potential dependent on temperature  

o Hydrotreating reduces naphthalene formation by up to 75%  

https://doi.org/10.4314/dasjr.v11i2.2
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o Process severity is the most critical determinant of PAH formation behaviour  

 
5.0 CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 
This study investigated the formation of naphthalene during petroleum refining processes 

and evaluated practical mitigation strategies using a combination of process simulation, GC-MS 

analysis, and literature-based assessment. The findings provide a clear understanding of the 

conditions that promote naphthalene formation and the most effective approaches for its 
reduction in refinery operations. 

The results demonstrate that naphthalene formation is strongly governed by process 

severity, particularly temperature. Across the simulated FCC dataset, naphthalene yield 

increased significantly with rising temperature, confirming that high-temperature conditions 

favour dehydrogenation, cyclisation, and aromatic condensation reactions. This is consistent 
with established petroleum refining kinetics, which identify temperature as a dominant driver of 

polycyclic aromatic hydrocarbon (PAH) formation (Froment & Bischoff, 1990; Speight, 2014). 

GC-MS analysis further confirmed that delayed coking units exhibit the highest 

naphthalene concentrations, followed by catalytic reforming and fluid catalytic cracking units. 

This ranking reflects the increasing role of thermal cracking and radical-driven mechanisms in 

heavier conversion processes. The data indicate that prolonged residence time and high reaction 
severity significantly increase the potential for PAH formation in refinery environments. 

The evaluation of mitigation strategies revealed that feedstock hydrotreating is the most 

effective approach, achieving the highest reduction in naphthalene formation by removing 

aromatic precursors and saturating reactive hydrocarbons prior to conversion. Catalyst 

modification and process optimisation also contribute to reductions, but cost, operational trade-
offs, and process limitations constrain their effectiveness. 

Overall, the study concludes that naphthalene formation is not an isolated phenomenon 

but a system-wide consequence of refinery operating conditions, feedstock composition, and 

reaction pathways. Effective control, therefore, requires integrated strategies rather than unit-

specific interventions. 

 
5.2 Recommendations 

Based on the findings of this study, the following recommendations are made for refinery 

operations and future research: 

 

5.2.1 Operational Recommendations 
Adoption of Feedstock Hydrotreating as a Primary Control Strategy: Refineries should 

prioritise hydrotreating units upstream of catalytic and thermal conversion processes to reduce 

aromatic precursors. This approach significantly lowers the potential for downstream 

naphthalene formation and improves overall product quality (Speight, 2014).  

Optimisation of Operating Temperature in Conversion Units: Operating temperatures in 

FCC and related units should be carefully controlled to avoid excessive thermal severity. Even 

small increases above optimal ranges can lead to exponential increases in naphthalene 
formation, as demonstrated in the simulation results.  

Improved Catalyst Design and Selection: Refinery operators should consider advanced 

catalyst systems with modified acidity and improved resistance to coke formation. Such catalysts 

reduce hydrogen transfer reactions that contribute to aromatic condensation.  

Integration of Process Monitoring Systems: Continuous monitoring using GC-MS or 

equivalent analytical systems is recommended to track aromatic formation trends in real time. 
This enables early detection of abnormal increases in naphthalene concentrations and supports 

proactive process adjustments.  

 

5.2.2 Environmental and Regulatory Recommendations 
Strengthening Emission Control Standards: Regulatory agencies should enforce stricter 

limits on PAH emissions, including naphthalene, due to its toxicity and environmental 
persistence (U.S. EPA, 2021).  
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Implementation of Best Available Techniques (BAT): Refineries should adopt BAT 

frameworks that integrate hydrotreating, vapour recovery systems, and advanced emission 

controls to minimise hazardous air pollutants.  
 

5.2.3 Recommendations for Future Research 
Development of Advanced Kinetic Models: Future studies should focus on developing 

detailed kinetic models that predict naphthalene formation under varying refinery conditions, 

incorporating real-time operational data.  

Investigation of Catalyst-Level Reaction Mechanisms: More research is needed to 
understand the microscopic mechanisms of aromatic condensation on catalyst surfaces, 

particularly in FCC and reforming processes.  

Region-Specific Refining Studies: Further studies should focus on refinery configurations 

in developing regions, where crude oil variability and operational constraints may significantly 

influence PAH formation patterns.  

Assessment of Integrated Mitigation Systems: Future research should evaluate combined 

mitigation approaches (hydrotreating, catalyst modification, and process control) to determine 
optimal integrated refinery solutions.  

 

5.3 Final Statement 
The control of naphthalene formation in petroleum refining is both a technical and 

environmental necessity. This study has shown that effective mitigation is achievable through a 
combination of feedstock treatment, optimised operating conditions, and improved catalyst 

systems. However, long-term success requires an integrated refinery-wide approach supported 

by continuous monitoring and regulatory compliance. 
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