JOURNAL OF FUEL CHEMISTRY AND TECHNOLOGY
Volume 54, Issue 7, July 2026

I % *:"l 525
L.jJ [ 1t i o *ﬁ(q’ﬁi)
Iournal of Fuel Chemistry and Technology

Cite this article as: J Fuel Chem Technol, 2026, 54, 20260027

DATA PAPER

Collection, processing, and sharing of a dataset for the
selective hydrogenation of benzene to cyclohexene

SUN Chao'?, ZHANG Bin'*

' State Key Laboratory of Coal Conversion, Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan 030001, China;
2 Center for Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Cyclohexene is
an important raw material
for nylon production, and
the selective hydrogenation
of benzene is a key route
for preparing cyclohexene.

To promote data sharing
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and reuse in this field, we
collected and standardized
experimental data on the
hydrogenation of benzene

to  cyclohexene  from

Downstream artificial intelligence, machine learmng
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publicly available literature and constructed a comprehensive dataset containing catalyst composition, reaction conditions, and

reaction results (conversion, selectivity and yield). This data descriptor details the source, field definitions, generation and

processing workflow, quality control, sharing approach and usage recommendations of the dataset, with the aim of providing a

reusable data foundation for subsequent statistical analysis, machine learning modeling, experimental design, and catalyst

screening.
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The selective hydrogenation of benzene to cyclohexene is
a reaction of considerable industrial value. Given that
complete hydrogenation to cyclohexane is more favorable
thermodynamically, optimizing catalyst structure and
process conditions is practically required to regulate
reaction kinetics and improve cyclohexene yield. Existing
ruthenium-based catalytic systems often rely on aqueous-
phase systems and inorganic salt additives to enhance
cyclohexene selectivity, but the cyclohexene yield is still
limited. Meanwhile, the benzene hydrogenation system
involves complex factors in heterogeneous catalysis, and
obtaining a large amount of high-quality and comparable
data is costly. Experimental data scattered across the
literature provide a basis for data-driven correlation analysis
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and predictive modeling, but these data usually lack unified
field definitions, unit systems, and organizational formats.
Therefore, constructing and publicly releasing a reusable,
searchable, clearly structured and quality-controlled dataset
is of great significance for advancing research on the
selective hydrogenation of benzene to cyclohexene.

1 Basic information on the dataset

The basic information of the dataset is summarized in
Table 1. The table provides an overview of the data title,
version, authorship, data content, generation time, volume,
format, repository location, funding information, and
citation format of the data.
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Table 1 Overview of basic information of the dataset
Item Description
Data title Experimental dataset for the selective hydrogenation of benzene to cyclohexene

Data version
Author’s name
Corresponding author’s name

Data content description

Data generation time

Data volume

Data format

V1.0 (compiled and standardized in 2025)

SUN Chao, ZHANG Bin

ZHANG Bin

Each record corresponds to one experimental combination and contains the catalyst preparation
method, catalyst composition (Ru, Cu, ZnO, NaOH, ZnSO,, AIOOH, SiO,, TiO,, etc.), reaction
conditions (temperature, pressure, reaction time, feed ratio, etc.), and performance indicators
(conversion, selectivity, and yield).

The data were derived from published literature reports, and the present compilation and standardized
processing were completed in 2025.

178 experimental records covering catalyst preparation methods, catalyst compositions, reaction
conditions, pore-structure descriptors, and performance outputs

Microsoft Excel workbook (.x1sx)

Data source location
10.57760/sciencedb.27385

Funding information

GitHub: https://github.com/ttoono-takaki/Code-and-dataset.git; Science Data Bank: https://doi.org/

Strategic Priority Research Program of the Chinese Academy of Sciences (XDB1190000), and the

General Program of the National Natural Science Foundation of China (22572209)

Citation format of data

SUN Chao, ZHANG Bin. Experimental dataset for the selective hydrogenation of benzene to

cyclohexene[J]. J Fuel Chem Technol, 2026, 54(7): 20260027.

SUN Chao, ZHANG Bin. Experimental dataset for the selective hydrogenation of benzene to
cyclohexene[DS/OL]. V1. Science Data Bank, 2025[2026-06-05]. https://doi.org/10.57760/
sciencedb.27385. DOI:10.57760/sciencedb.27385.

2 Value of the dataset

This dataset structurally organizes experimental data on
the hydrogenation of benzene to cyclohexene scattered in
the literature! %, making it convenient to directly conduct:
(1) statistical analysis and visual comparison (Figure 1); (2)
mining of key influencing factors and correlation analysis;
(3) machine learning/regression modeling; (4) data-driven
experimental design and condition screening. Because the
data come from different research groups, users should pay
attention to the biases caused by differences in experimental
apparatus, analytical methods, catalyst characterization
methods and related factors when making cross-source
comparisons or using the data for scale-up.

3 Description of data generation methods or
process

3.1 Literature screening and inclusion criteria

The literature on the selective hydrogenation of benzene
to cyclohexene spans a wide time range and shows
significant differences in conditions, and some studies
introduce relatively uncommon additives or supports to
regulate a single indicator. Such “low-frequency factors’
may become interfering variables in data-driven modeling.
To improve the comparability and stability of the dataset,
we systematically reviewed nearly 50 related publications
during the preliminary screening stage and preferentially

il

selected papers that could completely cover the preset
descriptor system and contained a sufficient number of data
points, thereby ensuring the reliability of the original data
and minimizing the bias caused by non-standardizable
factors as much as possible. At the same time, in order to
keep the distribution of the target variables relatively
balanced within the sample space, we further screened the
candidate literature and organized the extracted data into a
unified table structure. Because this dataset mainly serves
subsequent work, we selected only reactions carried out in
autoclaves, and the specific reference information for each
data entry can be found in the supplementary file
dataset.xlsx. According to our needs, we restricted the metal
species, support species and additive species of the catalysts
in the preliminarily screened papers, then listed all
descriptors appearing in these papers, removed descriptors
with incomplete information, and finally retained only the
literature containing complete data for all descriptors. The
final dataset contains N = 178 experimental records and 26
descriptors, covering three preparation methods (Impregnation,
Co-precipitation and Deposition-precipitation).

3.2 Definition of target variables and unified criteria

To convert performance indicators reported in different
publications into unified fields that are computable and
comparable, this dataset uses benzene conversion (x),
cyclohexene selectivity (s) and cyclohexene yield (Y) as
output variables and uniformly calculates and records them
according to the definitions given in the original papers.
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During the data curation process, the following principles
were applied:

(1) If the literature directly reports x, s and Y, they are
entered as reported and the source is indicated.

(2) If the literature reports only some of the indicators
(for example, only x and s), Y is calculated according to the
above definitions.

3.3 Descriptor system design and field extraction

Before data extraction, we first determined which
information was both important and easy to standardize,
thereby defining 24 input descriptors covering reaction
conditions, pretreatment/reduction conditions, catalyst
composition, pore-structure characterization, and related
information.

These descriptors include core variables such as reaction
temperature, reaction pressure, reaction time, preparation
method, and catalyst composition, and they are used as
fixed fields of the dataset to enable structured alignment
across different publications.

Correlation heatmap (numeric columns)
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Correlation heatmap of all numerical columns

3.4 Unit system and
information

rules for handling missing

Because recording practices differ across publications,
key fields were subjected to unit unification and rule-based
filling during data collation:

(1) Temperature was standardized to K, pressure to MPa,
reaction time to min, reduction time to h and composition to %
(method used for calculating composition: for the catalyst
portion, both metals and supports were calculated according
to the amount added rather than the actual loading; additives,
reactants and solvents were also uniformly calculated
according to the amount added). A total of three preparation
methods were recorded, and one-hot encoding is recommended
when using machine learning and similar methods.

(2) For catalyst samples explicitly reported in the
literature as having no reduction step, the reduction
temperature was uniformly set to 298 K to ensure field
completeness and consistency of the table structure. Regarding
hydrogen content, in some publications the catalyst was
directly reduced in the autoclave with pure hydrogen, and
we manually defined the hydrogen concentration as 99.9%.
In some publications no reduction was performed, and we
manually defined the hydrogen concentration as 0%. In
subsequent machine learning analysis, one-hot encoding can
be used to distinguish these cases.

(3) For other fields that are missing in the literature but
can reasonably be judged as ‘“not applicable/not
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performed,” a consistent placeholder strategy (for example,
0 or NA, depending on the field type) was adopted and the
reason was recorded in the remarks column to ensure that
subsequent modeling can distinguish “true zero” from
“missing/not applicable.”

4 Description of data examples

To facilitate understanding of the data organization,
Table 2 gives examples of the variables in the dataset and
their value ranges.

The final dataset contains N = 178 experimental records
for the selective hydrogenation of benzene to cyclohexene,
covering three catalyst preparation methods: Impregnation
(108 records), Co-precipitation (39 records), and
Deposition-precipitation (31 records). In terms of reaction
conditions, the reaction temperature ranges from 373 to
453 K, the reaction pressure from 2 to 7 MPa, and the
reaction time from 1 to 720 min, with a median of 30 min
(interquartile range, 11-58 min) and a mean of 51.55 min,
indicating a certain right-skewed distribution. Regarding the
catalyst composition, the Ru content ranges from 0.18% to
20%, with a median of 1.32% (interquartile range,
0.95%-2.50%).

Table 2 Examples of the main variables in the dataset and
their value ranges

Variable Unit/Type  Example value range
Benzene/water mL/mL 0.175-0.5
Benzene/catalyst mL/mg 0.05-0.3846
Pretreatment temperature K 298-873
Reduction temperature K 298-573
Hydrogen concentration % 0/5/99.9
Reduction time h 0-3
Reaction temperature K 373-453
Reaction time min 1-720
Reaction pressure MPa 2-7
Sher m’/g 8.4-318
Dpore nm 2.63-42.2
Voore cm’/g 0.03-1.05
VHSV mL/(mg-h) 0.00058-11.538
Ru % 0.18-20
Cu % 0-1.26
ZnO % 0-97.93
NaOH % 0-93.26
ZnSO, % 0-90.99
AlIOOH % 0-43.68
Si0, % 0-43.68
TiO, % 0-97.1
Selectivity % 0.7-89.3
Yield % 0.3-60.64
Conversion % 4.04-98.58

As for the performance indicators, benzene conversion
ranges from 4.04% to 98.58%, with a median of 40.35%
(interquartile 30.33%-70.99%);  cyclohexene
selectivity ranges from 0.7% to 89.3%, with a median of
46.54% (interquartile 28.83%—-65.60%); and
cyclohexene yield ranges from 0.3% to 60.64%, with a
median of 20.88% (interquartile range, 11.60%—-28.11%).
To more intuitively present the data coverage and density,
histograms of the target variables and key reaction
conditions are provided in Figure S1-S5 and scatter plots of
yield versus temperature, pressure, Ru content, and
conversion/selectivity are also plotted, together with an
overview of correlations among numerical variables, to
show the distribution characteristics and coverage of data
points under different combinations of variables.

range,

range,

5 Description of data quality control

(1) Completeness check

Records with missing key information or unclear
descriptions were removed.

(2) Consistency calibration

The units and expressions of all descriptors were unified.
For conversion, selectivity, and yield, because the literature
often reports only part of these indicators, we converted
them using Egs. (1), (2) and (3).

(3) Outlier screening

The distributions of key fields were examined, and
obvious outliers were checked against the original literature
and then retained or removed as appropriate. For example,
for the relationship among benzene
cyclohexene selectivity, and cyclohexene yield in the
corresponding literature, if calculations showed that the data
were not self-consistent, the data could be recalculated and
corrected; if key data were missing and calculation was
impossible, that set of data could be considered for removal.

conversion,

6 Methods and suggestions for data use

When carrying out modeling or comparative analysis,
users are advised to: (1) clarify the definitions and criteria
of inputs and outputs, especially derived indicators such as
feed ratio and space velocity; (2) perform necessary
standardization/normalization of numerical features and use
cross-validation to evaluate model generalization ability; (3)
consider the systematic bias that may be introduced by
differences in catalyst pretreatment, analytical methods, and
apparatus when comparing data across publications; (4) if
the dataset needs to be expanded, give priority to
supplementing new literature data consistent with the
existing field system and record clear source identifiers.

7 Conclusion

This paper presents a comprehensive experimental
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dataset for the selective hydrogenation of benzene to
cyclohexene and provides a description of the data source,
field definitions, standardized processing, and quality-
control procedures. The dataset can provide a reusable data
foundation for subsequent statistical analysis, data mining,
machine learning modeling, and experimental condition
screening.

Data Availability Statement

The data files are provided in Excel (.xlsx) format and
can be downloaded from the following sources: https:/
github.com/ttoono-takaki/Code-and-dataset.git or https://doi.
org/10.57760/sciencedb.27385.
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