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Abstract

Geochemical exploration offers a cost-effective means of identifying subsurface oil and gas
accumulations through the detection of volatile organic compounds (VOCs), which serve as
markers of underlying hydrocarbon systems. These indicators may appear as visible macroseeps or
as subtle microseepage, detectable only through advanced analytical methods. A widely used
approach involves deploying specialized sorbent materials a few meters below the surface to
capture VOCs, followed by gas chromatography—mass spectrometry (GC-MS) for analysis. Given
the range of available adsorbents, selecting materials with optimal performance is critical. We
developed a laboratory method to evaluate the adsorption affinity of various commercial and
custom-made sorbents toward hydrocarbon mixtures, including nitrogen-, oxygen-, and sulfur-
containing derivatives. Using natural crude oil in a simulated microseepage setup, we screened a
library of sorbents to identify those most effective for capturing oil-related markers. The complexity
of the VOC mixtures required advanced separation, for which we employed two-dimensional high-
resolution gas chromatography with time-of-flight mass spectrometry (HR-GCxGC-TOF-MS). The
screening revealed clear differences in sorbent performance based on analyte diversity and
concentration, assessed through thermal desorption/HR-GCxGC-MS and BET surface area analysis.
Two custom sorbents, composed of carbon nanomaterials, outperformed a commercial benchmark
in both adsorption capacity and analyte diversity, making them strong candidates for future field
deployment in surface geochemical exploration.

Keywords: geochemical exploration of oil fields; custom-made sorbents; hydrocarbon markers;
GCxGC-TOF-MS

1. Introduction

Geochemical prospecting for oil and gas refers to the detection of surface or near-surface
hydrocarbons and their alteration products, aiding in the identification of subsurface petroleum
accumulations [1]. This approach encompasses a broad set of techniques aimed at detecting
hydrocarbons migrating from reservoirs or source rocks, as well as secondary geochemical changes
in soils, rocks, and microbial communities. A fundamental premise of surface geochemical
exploration is that hydrocarbons present at depth can migrate and leak to the surface. These
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exploration techniques are generally categorized into two groups: direct and indirect methods [2].
Direct geochemical methods focus on quantifying volatile and liquid hydrocarbons within soils or
unconsolidated surface sediments. In contrast, indirect techniques investigate seepage-related
alterations in soil chemistry, mineralogy, microbial populations, or vegetation.

Hydrocarbon seepage manifests across a spectrum—from trace-level microseepage to
conspicuous oil and gas emissions. “Macroseepage” refers to the occurrence of visible oil or gas at
the surface, often associated with fault zones or fractured regions where hydrocarbons migrate
readily [3,4]. On the other end, “microseepage” describes ultra-trace levels of volatile or semi-volatile
hydrocarbons in surface media such as soils, sediments, or groundwater, detectable only through
sensitive analytical instrumentation (Figure 1) [5].
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Figure 1. Schematic representation of the macroseepage and microseepage phenomena.

Many current geochemical exploration approaches emphasize the collection and analysis of soil
gases, integrating chemical signals from hydrocarbon microseepage with geological and geophysical
(e.g., seismic) datasets [6]. Several methods are employed to detect hydrocarbon microseepage, either
by analyzing extracts from soil gas samples [7,8] or through the use of specially engineered materials
that can adsorb and subsequently release volatile organic compounds (VOCs) accumulated from the
subsurface environment [9,10]. A conspicuous knowledge gap exists in perfecting the best sorbents
for microsepage sensing. This knowledge is proprietary and is utilized by commercial service
companies; however, it has not been scientifically or systematically evaluated. Given the typically
low concentrations of VOCs and their sensitivity to daily and seasonal variations, extended
adsorption periods can improve detection reliability. In this study, we focused on evaluating the
adsorption performance of a diverse library of commercial and custom-made materials.

2. Materials and Methods

2.1. Materials

A wide range of adsorbents was examined for their ability to capture volatile organic
compounds associated with underlying hydrocarbon systems. These included activated carbons
(AC), porous polymers, composite sorbents combining both, and various types of zeolites.

Commercial activated carbons—SKT, VSK, MeKS, DAS, and FAS—were obtained from JSC
“Elektrostal Scientific and Production Association Neorganika” (Elektrostal, RF). Additional carbon
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materials such as UPK-B, UNHT, AUkon-s, and a porous polymer sorbent based on cross-linked
polystyrene with a crosslinking degree of 150% were synthesized at the Institute of Physical
Chemistry, Russian Academy of Sciences (Moscow, RF) and the Institute of Chemical Technologies
IC SB RAS (Omsk, RF). Single-walled carbon nanotubes (TUBALL™) were supplied by OCSiAl LLC
(Novosibirsk, RF). A composite sorbent combining activated carbon and porous polymer (Tenax
GR™) was purchased from Sigma-Aldrich, as were the zeolites/molecular sieves 13X. NaX-type
zeolites were obtained from Sorbis Group LLC (Moscow, RF). Crude oil samples from the
Romashkinskoye field were provided by the A.V. Topchiev Institute of Petrochemical Synthesis,
RAS, Russia.

Volatile organic compounds (VOCs) with purity = 98% used in this study included a
homologous series of alkanes (from pentane to docosane), aromatic hydrocarbons (toluene, xylenes,
ethylbenzene, propylbenzenes, butylbenzene, hexylbenzene, and octylbenzene), and cycloalkanes
(cyclopentane, methylcyclopentane, methylcyclohexane). All VOCs were sourced from Sigma-
Aldrich.

2.2. Method of determination of the porous structure of sorbent samples

The parameters of the porous structure of the adsorbents were analyzed using data from low-
temperature nitrogen adsorption at 77 K (automatic analyzer ASAP 2020) and equilibrium adsorption
of benzene vapor at 293 K (high-vacuum sorption unit with a spring quartz microbalance with a
sensitivity of about 20 pg at a load of up to 0.2 g). Before measurements, the samples were
preliminarily evacuated to constant weight at a residual pressure of 10-° Pa and a temperature of 280
°C. The parameters of the microporous structure (micropore volume and size) were determined using
the theory of volumetric filling of micropores according to the Dubinin-Radushkevich equation. The
specific surface area was calculated in accordance with the BET equation (nitrogen). The parameters
of the porous structure of the adsorbents are given in Table 1.

Table 1. Parameters of the porous structure of sorbent samples.

Micropores Parameters Sue, m¥/g Vi S
#  Sorbent Wi, Eo, . m (y-M,etho D eme /’g Vs, cmd¥/g BET,
cm’/g  kJ/mol i m?/g
1 SKT 0.61 19.39 0.52 90 0.14 0.76 420
2 AUkon-s  0.58 22.24 0.45 10 0.04 0.63 940
3 VSK 0.61 18.68 0.53 60 0.03 0.64 643
4 Meks 0.40 20.94 0.48 76 0.06 0.46 700
5 UPK-B 0.29 14.710 0.68 35 0.08 0.37 660
6 DAS 0.13 22.62 0.44 35 0.003 0.133 250
7 FAS 0.14 21.80 0.46 74 0.75 0.89 750
Polystyrene,
8 Cross- 0.17 26.63 0.37 - - - -
linked 150%
9 UNHT 0.12 14.90 0.67 90 0.18 0.31 235
10 Zeolite 13X 0.23 30.84 0.32 - - - -
11 CNT - - - - - - 460*
12 Tenax - - - - - - 18*

Micropore volume - Wo, micropore half-width - xo, surface area of mesopores - Sue, mesopores volume - Ve,
limiting adsorption volume - Vs; *ml/g.
2.3. Model mixture of hydrocarbons for evaluation of adsorption capacity of sorbents

To determine and evaluate the adsorption capacity of sorbents for hydrocarbons, a model
mixture of volatile organic molecules was used for sorbent exposure and accumulation of VOC
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vapors. A mixture of standards was prepared using a Sartorius Biohit pipette (Germany) for 10-100
puL and a Huawei pipette (China) for 1-10 uL.

The composition of the model mixtures includes the following VOC volumes:

Standard Mixture Nel: methylcyclopentane (10 pL), methylcyclohexane (10 pL), isooctane (15
uL), octane (15 uL), nonane (15 uL), decane (15 pL), benzene (15 yL), toluene (15 pL), ethylbenzene
(15 uL), propylbenzene (15 pL), butylbenzene (15 pL), o-xylene (15 uL).

Standard Mixture No2: methylcyclopentane (10 uL), methylcyclohexane (10 uL), heptane (1 uL),
isooctane (2 pL), octane (3 pL), nonane (6 puL), decane (8 pL), undecane (10 pL), dodecane (12 pL),
tridecane (12 pL), tetradecane (14 puL), pentadecane (14 uL), hexadecane (14 pL), heptadecane (8 mg),
octadecane (8 mg), nonadecane (8 mg), eicosane (8 mg), heneicosane (8 mg), docosane (8 mg),
benzene (2 pL), toluene (4 puL), ethylbenzene (4 uL), propylbenzene (4 pL), butylbenzene (8 pL),
hexylbenzene (10 pL), o-xylene (4 uL), p-xylene (4 pL).

To identify the most effective sorbents for the sorption and desorption of the model mixture,
equal volumes (2 mL) of the sorbents described in the Materials section 2.1. were used. For
comparison, Standard Mixture Nel —containing compounds with boiling points below 200 °C—was
selected. Sampling of the headspace vapors was performed at room temperature (20 °C) using a 1 uL
gas-tight syringe.

A high sorbent-to-standard ratio was chosen to help isolate the most promising sorbents.
Sorption was carried out over 5 days. Following this, sorbents were preheated for 40 minutes at 270
°C. Then, 60 pL of vapors above the sorbents was collected using a gas-tight syringe and injected into
the GC-MS system.

2.4. Method of saturation of sorbents by hydrocarbon VOCs

Standards and sorbents were weighed on a Sartorius MC1 Analytic AC 210 S analytical balance
(Germany). Sorbents with vapor mixtures of standards were kept in a dry-air thermostat. The studied
sorbent, with a volume of 1 mL, was placed in a glass bottle with a volume of 28.26 cm3. An aliquot
of the standard mixture was taken with a 10 uL dispenser and placed in a 2 mL glass vial. The open
vial was then placed in the bottle containing the sorbent. The bottle was sealed with a lid and further
isolated from the external environment using parafilm tape. The sealed bottle, containing both the
standards and the sorbent, was placed in a thermostat and left for sorption for three days at a
temperature of 22 °C, as shown in Figure 2. At the end of the sorption period, the vial containing the
mixture of standards was removed from the bottle. The sorbent was weighed to verify consistency in
sample volume. Desorption was then performed by placing the sealed vial containing the sorbent on
a hotplate preheated to 300 °C. The vial remained sealed to ensure uniform heating. Desorption was
carried out over 1.5 hours. Before sampling, the gas-tight syringe was preheated on a hotplate to
avoid condensation of the standard compounds. A 100 uL gas sample from the headspace above the
sorbent was withdrawn using the preheated syringe through the septum of the heated vial. The
sample was immediately injected into the injector for analysis.

=g

Figure 2. The setup for exposing the tested absorbent materials to the hydrocarbon mixture.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.2178.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 July 2025 d0i:10.20944/preprints202506.2178.v1

5 of 14

2.5. Method for GCMS separation and detection of hydrocarbon VOCs adsorbed on sorbents

Vapor analysis was carried out using a gas chromatograph coupled with a Shimadzu TQ-8040
mass spectrometer (Japan) equipped with electron ionization and a quadrupole mass analyzer. An
Agilent HP-5MS capillary column (30 m x 0.32 mm, 0.25 pum; USA) was used for separation. Sampling
was performed with a 100 pL gas-tight syringe (Hamilton, USA), and the sorbent was heated on a
PL-H heating plate (Primelab, Russia). For the separation of volatile compounds, the column
temperature was held at 30 °C for 5 minutes. To separate high-boiling oil components, the
temperature was increased to 280 °C and held for 4 minutes. The split ratio was set at 30:1 (sample
drop: flow to column). Mass spectrometric detection conditions were as follows: ionization energy 70
eV, ion source temperature 200 °C, interface temperature 250 °C, and injection volume 1 pL. Mass
spectra were recorded in scanning mode over a range of 33 to 500 m/z. For analyses involving low-
boiling solvents, detection was carried out starting from 2.4 minutes.

2.6. Passive sampling of crude oil VOCs

All sorption experiments were conducted using crude oil from the Romashkino field. A total of
10 mL of oil was placed at the bottom of a glass container (20 cm in diameter and 50 cm in height).
The container was then filled with a 20 cm layer of limestone fragments (5-20 mm fraction) followed
by a 20 cm layer of sand. Sorbent samples were enclosed in a Gore-Tex membrane made from thermo-
mechanically expanded PTFE (ePTFE) and buried approximately 5 cm deep within the sand layer.
The sorbents remained in the container for two weeks. The setup is shown in Figure 3. Passive
sampling of VOCs from natural oil vapors was performed by placing a sensor containing activated
carbon STK, carbon nanotubes CNTs, sorbents AUkon-s and Tenax GR on the laboratory
microseepage setup loaded with 10 ml of oil and saturating the sorbent with the VOCs for 1-2 weeks.
Consecutive GCxGC/MS analysis of the complex mixture of adsorbate allows separation, detection
and identification of the mixture composition.

B 7

limestonelfragments
20 i laydr

Figure 3. The laboratory microseepage setup for passive sampling of oil vapors.

2.7. Thermal desorption and GCxGC/MS analysis of crude oil VOCs

Thermal desorption and two-dimensional gas chromatography—mass spectrometry experiments
were performed using a LECO Pegasus BT 4D system equipped with an Agilent 7890A gas
chromatograph featuring a secondary oven, a flow splitter, a two-stage cryomodulator, and a Gerstel
Thermal Desorption Unit (TDU). The instrument operated in electron ionization mode (70 eV); the
ion source temperature was 200 °C, mass range 45-500 Da, acquisition rate 100 spectra/s, and ion
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extraction rate 30 kHz. The column configuration included a polar Rxi-17Sil (30 m x 0.25 mm x 0.25
pum) and a non-polar Rxi-55il (2 m x 0.10 mm x 0.10 pum). The column oven program was as follows:
initial temperature of 50 °C held for 4 minutes, ramped to 280 °C at 5 °C/min, and held at the final
temperature for 5 minutes. The temperatures of the secondary oven and the cryomodulator were
maintained 20 °C higher than the primary oven temperature. The modulation time was set at 6 s.
TDU temperature was set to 300 °C with a desorption time of 120 s. The sample weight was 20 mg.
The cooled injection system was maintained at —150 °C, and the transfer line was heated to match the
TDU temperature. Compound identification was carried out using the NIST 20 mass spectral

database.
3. Results and Discussion

3.1. Selection of the best adsorbents from the library of porous materials

To identify the most effective sorbents for the sorption and desorption of the model mixture,
equal volumes of the sorbents were used. For comparison, Standard Mixture Nel was selected. The
TIC chromatographic profile of vapors above the Standard Mixture Nel is shown in Figure 4.

This chromatogram (Figure 4) was compared with the TIC and extracted ion chromatograms
(EIC) of vapors collected after sorption on each sorbent from the tested library. EICs were generated
for the following characteristic ions: 39, 41, 43, 57, 71, 78, and 91 m/z. These ions correspond to
alkanes, cycloalkanes, and aromatic compounds present in Standard Mixture Nel.
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Figure 4. The total ion chromatogram of the Standard Mixture No 1.

Sorbent selection was based on two key criteria: the number of resolved peaks and the intensity
of those peaks. Highly cross-linked polystyrene (Figure 5) showed selective sorption of aromatic
compounds (notably ions 91 and 78 m/z); however, more universal sorbents (UNHT, AUkon-s, UPK-
B, DAS) exhibited comparable or greater adsorption of aromatics, and thus polystyrene was excluded
from further experiments. Zeolite 13X also showed limited sorption of aromatics, with both the
number and intensity of detected compounds being low, so it was not used in subsequent tests. The
chromatograms for AUkon-s and DAS (Figures 6 and 7) showed clear signals from aromatics and n-
alkanes. Cycloalkanes were also detected in the chromatograms of UPK-B and UNHT (Figures 8 and
9). Based on the preliminary screening, the sorbents selected for further investigation were: UNHT,

UPK-B, DAS, and AUkon-s.
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Figure 5. The extracted ion chromatogram of the vapors over cross-linked polystyrene.
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Figure 9. The TIC (a) and EIC (b) chromatograms of vapors over the UPK-B sorbent.
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The lowest signal intensity in the TIC chromatogram was observed for the DAS sorbent; no
significant volatile compounds were detected in the TIC mode, and only the EIC showed low peak
intensities, mainly for benzene derivatives and decane (Figure 7). The UPK-B sorbent also showed
low intensity in the TIC chromatogram, with a bias toward heavier molecular weight compounds
(Figure 9).

Among all tested materials, AUkon-s demonstrated the best performance, showing all 12 volatile
compounds from Standard Mixture Nel in the TIC chromatogram (Figure 6). It exhibited balanced
selectivity for both light and heavy components. The UNHT sorbent showed 8 out of 12 compounds
from the standard mixture in TIC mode (Figure 8). Thus, the most promising sorbents selected from
the screening were AUkon-s and UNHT, which were used in subsequent experiments.

Based on nitrogen adsorption data, AUkon-s is a microporous activated carbon with negligible
mesoporosity and a high specific BET surface area of 940 m?/g. The UNHT adsorbent, in contrast,
features a well-developed mesoporous structure with an average mesopore diameter of 31 nm
(according to the BJH method) and moderate microporosity (Table 1).

3.2. Evaluation of the adsorption and desorption parameters for the best selected sorbents

Varying the VOC adsorption duration for the AUkon-s and UNHT materials—using 1 day and
multiple-day exposures to Standard Mixture Nol —revealed that after 1 day, only a small number of
compounds were detected in the chromatogram for extracted ions for the UNHT sorbent. In the
chromatogram obtained for the AUkon-s sorbent, the peaks corresponding to the standard
compounds were practically absent. When the sorbents were kept for 3 days and over, the
chromatograms for both sorbents showed peaks corresponding to compounds from the standard

mixture (Figure 10).
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Figure 10. The profiles for the total ion chromatogram A) for the sorbent AUkon-s for 3 days, B) for the sorbent
UNHT for 3 days.

To evaluate desorption kinetics, VOC-saturated sorbents exposed to Standard Mixture Nel were
heated at 300 °C. Vapor samples were taken periodically and analyzed by GC-MS. The first sample
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was taken after one hour of heating, with additional samples collected every 30 minutes. Complete
desorption was observed within 1.5 hours. The optimum vapor sample volume was found to be 100
pL. The minimum detectable mass of compounds ranged from 1 to 7ug, depending on their boiling
point and ionization efficiency.

To evaluate adsorption capacity over a broader analyte range, a more complex VOC mixture
(Standard Mixture No2, containing 27 compounds) was used. TIC chromatogram of vapors over this

mixture are shown in Figure 11.
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Figure 11. The TIC chromatogram of the Standard Mixture No 2.

Chromatograms of vapors over the sorbents after exposure to this mixture are compared with
Figure 11. The EIC chromatogram for AUkon-s showed 16 of the 27 standard compounds. For UNHT,
the same compounds were detected, but with peak intensities approximately an order of magnitude
lower (Figure 12). The maximum sorbent-to-standard mixture ratio at which qualitative detection
was still possible was 1 mL of sorbent per 2 uL of the 27-compound mixture. The minimum detectable
mass of compounds adsorbed on AUkon-s under the applied sorption/desorption conditions was
approximately 1 ug. For n-alkanes (C;Hig to Ci2Has), this value ranged from 1 to 7 pg; for aromatic
compounds, from 2 to 6 pig. The optimal detection ratio was 1:2 (1 mL of sorbent per 2 ug of analyte).
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Figure 12. The EIC chromatograms of vapors adsorbed from the Standard Mixture Ne 2 with A) AUkon-s and
B) UNHT sorbents.

Based on this extended screening, AUkon-s was identified as the most effective sorbent and
selected for further studies on passive sampling of volatile compounds from crude oil. Additionally,
the established VOC sorption and GC-MS analysis protocol was applied to evaluate the performance
of the commercial sorbent Tenax GR, which is widely used for VOC monitoring in environmental
studies [11,12]. Tenax GR showed good sorption efficiency, confirmed by GC-MS analysis of
thermally desorbed vapors after exposure to Standard Mixture Ne2. The TIC chromatogram revealed
detection of 18 out of 27 analytes in the mixture (Figure 13).
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Figure 13. The TIC chromatogram of vapors adsorbed from the standard mixture No 2 with Tenax GR.

3.3. The passive sampling of VOCs from natural oils in laboratory conditions

The principle of passive sampling relies on the diffusion-driven transport of VOC molecules
from air onto the sorbent, where they are retained due to higher affinity. This enables the
accumulation of analytes over time, which is particularly valuable when time-averaged
concentrations are low [10].

Passive sampling of VOCs from natural oil vapors and consecutive GCxGC/MS analysis of the
complex mixture of adsorbate allows separation, detection and identification of the mixture
composition. Three customized sorbents including activated carbon STK, carbon nanotubes CNTs,
and AUkon-s were exposed to oil VOCs’ and compared with commercial benchmark Tenax GR.
Results of the sensing experiments in a simulated microseepage setup showed that all selected
sorbents successfully accumulated a wide range of hydrocarbons, including alkanes, cycloalkanes
and aromatic compounds (Table S1, Figure 14). A comparison of the number of identified
compounds, as shown in Figure 14 and Table 51, revealed that activated carbon STK exhibited the
lowest performance. Experiments involving repeated thermal desorption indicated that the selected
desorption temperature did not ensure complete analyte release, as residual compounds were still
detected. Since higher desorption temperatures risk degrading thermally labile analytes, the use of
this sorbent was considered less favorable. The total number of analytes identified from the tested
sorbents increased in the following order: activated carbon STK — 24 compounds, commercial Tenax
GR - 48 compounds, AUkon-s — 71 compounds, and TUBALL CNTs - 90 compounds.

The results for Tenax GR demonstrated its superior performance in adsorbing aromatic
hydrocarbons. Although CNTs and AUkon-s enabled the detection of a greater total number of
organic compounds, Tenax GR exhibited a more diverse profile of aromatic analytes. The
hydrocarbon adsorption profiles for CNTs and AUkon-s were similar; however, CNTs enabled the
identification of a slightly higher number of compounds.
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Figure 14. 2D visualization of GCxGC/MS chromatograms of VOCs sorbed from crude oil by sensors with STK
(a), CNTs (b), AUkon-s (c) and Tenax GR(d).

3.4. Field Validation and Future Directions for Sorbent-Based Microseepage Detection

Given the compositional complexity of crude oil —including saturates, aromatics, resins, and
asphaltenes —designing sorbents capable of capturing this full molecular range remains a critical
challenge [13,14]. Our laboratory screening revealed that AUkon-s and TUBALL CNTs offer broad-
spectrum adsorption capacity, outperforming both commercial and custom benchmarks. The next
phase of research will involve field deployment of these sorbents in areas with confirmed
hydrocarbon accumulations to evaluate their selectivity, durability, and efficiency under natural
conditions. Such studies will build on earlier field investigations that explored the effect of sampling
depth on microseepage detection fidelity [10]. However, the present focus will shift toward
understanding how sorbent type and surface properties influence VOC recovery in heterogeneous
surface environments, which will be essential for refining both material design and operational
protocols.

In parallel, integrating sorbent-based VOC detection with elemental geochemical approaches
could significantly improve signal interpretation and anomaly resolution. Prior work has shown that
linking biomarkers with trace element patterns can reveal the depositional and diagenetic controls
on organic matter and hydrocarbon migration [15]. Moreover, incorporating techniques like mobile
metal ion (MMI) analysis —which has demonstrated success in mapping near-surface geochemical
halos associated with subsurface mineralization—can offer a complementary perspective when
adapted for petroleum systems [16]. Combining molecular-level hydrocarbon detection with
elemental anomalies may enhance our ability to distinguish true seepage from background noise,
reduce false positives, and ultimately improve targeting accuracy in exploration campaigns.

Beyond the technical implications, these advancements offer meaningful contributions toward
reducing the environmental impact of exploration. Improving the resolution and confidence of
geochemical prospecting reduces reliance on high-risk drilling and can lower the number of dry
wells —thereby cutting emissions, operational costs, and surface disturbance. In this context, the use
of high-performance sorbents in passive VOC sensing represents a scalable, low-footprint alternative
to conventional methods. Coupled with advanced GCxGC/MS analysis, this approach supports a
more data-driven, efficient, and carbon-conscious exploration paradigm —one that aligns with the
growing need to balance resource development with environmental responsibility.
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4. Conclusions

A comprehensive evaluation of a library of custom-made and commercial sorbents was
conducted to identify the most effective porous materials for the passive accumulation of oil field
vapors under laboratory conditions. The microporous carbon-based materials AUkon-s and TUBALL
CNTs demonstrated the highest performance in simulated microseepage environments. These
leading sorbents exhibited high hydrocarbon adsorption capacity and well-developed specific
surface areas with both micro- and mesoporosity. Sorbents with higher specific surface areas
accumulated a greater number of analytes spanning aliphatic, alicyclic, and aromatic hydrocarbon
classes. Based on these findings, AUkon-s and CNT-based sorbents were selected as the most
promising materials for future field deployment in oil and gas exploration settings.

5. Patents

The materials presented in this work and their proposed applications are covered by IP
W02024237802A1 [17].
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