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Abstract

Purpose. The purpose of this paper is to present a conceptual design for laboratory-scale equipment for the controlled
generation and investigation of small quantities of methane hydrate under variable pressure, temperature, and lithological con-
ditions, enabling reproducible experimental studies that simulate natural methane hydrate formation environments.

Methods. The study includes a review of recent global research and pilot-scale activities related to methane hydrate explora-
tion, occurrence, and production. Key geological and thermodynamic conditions governing methane hydrate formation are sum-
marized. Based on this background, an engineering concept for a laboratory apparatus is developed, including a high-pressure
chamber, a gas compression system, and a temperature control unit, designed to operate within the methane hydrate stability zone.

Findings. The proposed apparatus is compact, modular, and suitable for installation in standard university laboratory con-
ditions. It allows controlled variation of pressure and temperature parameters required for methane hydrate formation while
maintaining operational safety and repeatability. The design relies on commercially available components and can be assem-
bled with relatively modest financial and technical resources.

Originality. The presented solution is a practical, cost-effective alternative to complex, expensive laboratory systems
commonly used for methane hydrate research. Its originality lies in integrating accessible industrial components into a simpli-
fied experimental setup capable of reproducing key conditions for methane hydrate formation in controlled laboratory settings.

Practical implications. The proposed laboratory system provides researchers, educators, and students with a flexible experi-
mental platform for studying methane hydrates in water or porous media. It supports interdisciplinary research in geosciences,

energy engineering, and environmental studies, and can be effectively used for academic training and experimental research.
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1. Introduction

Methane hydrates are well-known unconventional energy
sources with vast potential reserves worldwide. One cubic
meter of gas hydrate releases, at the surface, 164 cubic me-
ters of methane. The present reserves are still unknown,
because they have not been produced anywhere, but the
probability ranges are extensive, from 7000 to 20000-10'2
cubic meters [1]. There are many sources on this topic, but
the most comprehensive, including real datasets, is currently
available on the website of the U.S. Department of Energy
(DOE) Fossil Energy and Carbon Management (FECM) Gas
Hydrates R&D Program [1].

The future commerciality of such sources depends on
numerous variables, but the most important will be the price
of natural gas. However, now is the right time to develop
research and development procedures for such prospects,
mainly because they could be in three very different envi-
ronments: the ocean floor (offshore), mostly weakly com-
pacted sediments below it, and permafrost (onshore). This
makes potentially recoverable resources a challenging target,
especially for drilling and recovery.
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To date, several test fields, i.e., reservoirs, have been de-
veloped to the production phase, including extensive explora-
tion and experimental testing. A famous example is the 2017
Gulf of Mexico Drilling and Coring Expedition, led by the
University of Texas (Austin), where much of the data and
results were linked to publicity [2]. The projected “methane
hydrate reservoir” was drilled into a sandy and clayey silt
bed, from millimeter to meter scales in Green Canyon Block
955 in the deep-water Gulf of Mexico (belonging to the levee
of a turbidite channel). The methane saturation with hydrate
(99.99% of gas) ranges from 79-93% in sandy silts, and is
absent in clayey silts, when the origin of methane is mainly
biogenic [3]. The authors noted that some sediment proper-
ties, with salinity close to that of ocean water, suggested that
hydrates formed either long ago or recently, but slowly.
Conversely, hydrate formation increases salinity. Sandy silt
with its corresponding permeability could be an economical-
ly cost-effective reservoir for methane hydrates [3].

There is also the example of the Ignik Sikumi gas hydrate
experimental field, explored by ConocoPhillips in partner-
ship with the U.S. Department of Energy, Japan Oil, Gas and

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.33271/mining20.01.140
mailto:marko.uzelac@rgn.unizg.hr
https://orcid.org/0009-0000-9261-9449
mailto:tomislav.malvic@rgn.unizg.hr
https://orcid.org/0000-0003-2072-9539
mailto:luka.uzelac@rgn.unizg.hr
mailto:borivoje.pasic@rgn.unizg.hr
https://orcid.org/0000-0003-1919-1129
mailto:marko.uzelac@rgn.unizg.hr

M. Uzelac, T. Malvic, L. Uzelac, B. Pasic. (2026). Mining of Mineral Deposits, 20(1), 142-150

Metals National Corporation, and the U.S. Geological Sur-
vey within the Prudhoe Bay Unit on the Alaska North Slope
during 2011 and 2012. The goal was to determine the feasi-
bility of gas injection to hydrate saturated sediments and to
make a cost-effective exchange of injected CO, or a mixed
CO,-N, (more favourable) for produced CHs4 [4]. The me-
thane flow was first observed at pressure above the methane
stability zone (MSZ), and later it persisted for 30 days as the
pressure dropped below MSZ. The authors [4] concluded that
the destabilization of MSZ is self-limiting; i.e., uncontrolled
destabilization is not expected, and sand production can be
mitigated, as in other reservoir types. In addition, tests must
be carefully performed to prevent wellbore blockage during
operations stoppage, and reservoir heat exchange was suffi-
cient to prevent wellbore freezing.

Testing production was also realized in Japan, after the
first attempt in 2013 to produce in the Daini-Atsumi Knoll,
the eastern Nankai Trough area near Honshu Island, a new
trial was conducted in 2017 at a nearby location using two
production and two monitoring wells [5]. The authors noted
that the 1st well recovery lasted 12 days, with a stable draw-
down of around 7.5 MPa and 41000 m? of methane. Later,
the 2" well operated for 2 days, and 222500 m* of methane
was recovered without inflow of the sand particles from the
reservoir. Due to higher water production, drawdown was
limited to 5 MPa. Although Yamamoto et al. [5] emphasized
that the energy produced from methane hydrates was signifi-
cantly greater than the energy spent on production opera-
tions, they also noted weaknesses, such as a continuous re-
duction in the volumes of produced gas over time and signifi-
cant differences in volumes produced between the 2 wells.

Zhu et al. [6] mentioned that five hydrate accumulations
have been discovered in China, namely in the Shenhu,
Dongsha, Qiongdongnan Basins, offshore of the South China
Sea and in the Muli area of Qilian Mountain, adding that seven
others have been assumed elsewhere. The authors estimated
methane resources in hydrates to be 64.6-10'> m® in the South
China Sea, ~28.5-10?m’® in the East China Sea, and
~38-10"2 m? in terrestrial permafrost, which is about twice the
methane resource estimates in conventional reservoirs.

Selected examples showed that the exploration and ex-
ploitation of potential methane hydrate reservoirs can be
time-consuming and financially intensive, requiring nume-
rous pieces of drilling, logging, and laboratory equipment.
Consequently, such ventures are available only to large
commercial or academic participants with resources and
expertise in hydrocarbon exploration and production. How-
ever, there is a niche where laboratory experiments and
equipment can be used relatively cheaply to observe methane
hydrate behavior under different temperatures, pressures, and
lithological conditions. For example, Livio [7] noted that
hydrate formation kinetics in porous media is a significant
factor in revealing their formation history. The formation
kinetics in silica sand environment, modelled with small
cores and investigated in custom-designed equipment, was
presented. The author also examined different CHy injection
flow rates and eventually simulated geological conditions
under three clay/sand lithologies. The idea for creating rela-
tively inexpensive, yet precise and adaptable laboratory
equipment for studying methane hydrates in water or rocky
environments is presented as the main topic of this paper.
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2. Occurrence, origin and migration of methane hydrates

Methane hydrates are icy solids that consist of methane
and water. They belong to a group called clathrates, in which
one molecule forms a cage that encloses another. If the cage-
forming molecule is water, it is called a hydrate. If the mole-
cule trapped in the water cage is a gas, then it is a gas hy-
drate, in this case methane hydrate [8]. They are stable only
at pressures above 35 bar and/or at low temperatures within
the methane stability zone (MSZ) or gas hydrate stability
zone (GHSZ). The ocean floor is the ideal environment for
their formation, with temperatures within 1-4°C. Below a
water depth of about 350 m, the pressure is sufficient to
stabilize the hydrates. However, below the ocean floor, in
sediment, temperature begins to rise again due to the in-
fluence of the geothermal gradient, e.g., at depths greater
than 1 km, temperature can exceed 30°C.

On most continental sea shelves, which are mostly shal-
low [9], significant volumes of methane hydrates have not
been detected or predicted for two reasons: (a) the pressure at
the bottom is not so high to create the hydrates and (b) the
generation of organic matter and subsequent deepening at
higher temperatures and compaction are not sufficient for the
thermogenic generation of hydrocarbons, even methane. This
second reason, the starving environment for significant quan-
tities of organic matter deposition, and relatively fast sinking
and compaction, is also crucial since large ocean basin areas
deeper than 2000 to 3000 m (bathyal and abyssal) do not host
any significant methane hydrate volumes. Their waters are
nutrient-poor [8], and there is an influx of clastics. Even such
a poor organic influx must pass through a large column of
water to reach the ocean bottom, where many other living
organisms could consume its organic remnants.

As De Haas et al. [10] noted, the role of shelves as Cog
sinks is sometimes overestimated. Most continental shelves
will not favor or even preserve a significant accumulation of
organic matter due to several factors, like higher depositional
energy (a lot of gravel and sand detritus that are easily eroded
and destroy organic remnants), oxygen level and UV radiation
(in the epipelagic, euphotic or sunlight zone). On shelves,
significant quantities of organic matter and C,., accumulation
can be preserved and buried only locally. Thus, continental
slopes, canyons and deep-sea fans can be considered as the
main depositional and preservation areas for C,, [10].

So, methane gas is primarily formed thermogenically
from organic matter buried in fast-sinking sediments through
phases of dia-, cata- and metagenesis onto slopes. Minor
volumes can be generated biogenically by living microorga-
nisms in relatively shallow, mainly marine sediments of
terrestrial origin (e.g., in prodelta environments or similar
settings). The methane gas generated deep within the sedi-
ment (in source rocks or biogenic) migrates upward and (part
of it) is caught in methane hydrates, due to the decreased
temperature in sediment pores or water near the sea floor. It
is essentially a process of free thermogenic or biogenic gas
migrating into and through the GHSZ. Several mechanisms
were proposed to describe this process, including the inhibi-
tion of hydrate formation at higher salinity and temperature,
and the identification of [11] chimney-like structures as fa-
vorable sites for gas migration from reservoirs below the
GHSZ. The authors Liu et al. [11] described such structures
as places where hydrate generation also raises the tempera-
ture within them, making hydrate accumulation favorable
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close to the ocean floor, where temperature decreases again
at bottom water values, producing a salinity peak at such
locations. As migration and creation slow down, the tempera-
ture and salinity drop. Such a cycle can be repeated whenever
methane from sediments is generated in larger quantities. In
addition, hydrate migration can have a significant horizontal
component, as Davies et al. [12] modelled for the Mauritian
margin, where migration of more than 40 km below the GHSZ
has been proposed, with venting through 23 pockmarks on the
shelf. Interestingly, such events were triggered by past Quater-
nary interglacial episodes of warmer climate.

Consequently, methane hydrates form mainly on the con-
tinental slopes at water depths between 350 and (rarely)
5000 m, where organic matter type and quantity, as well as
temperature and pressure, are favorable for methane conver-
sion into methane hydrates [8]. The partial exception could
be the Mediterranean Sea [13] and the Black Sea [14], [15],
given their sizes and sedimentation rates in their deepest
parts. In the southeastern Mediterranean Sea, the Levant
Basin, GHSZ is determined through numerical modelling
and seismic interpretation. The water column is more than 1
km thick, with an average temperature of 13.8°C and salinity
of 38.8%o. In such conditions, the top of the GHSZ was pre-
dicted at approximately 1250 m [13]. Taking into account the
geothermal gradient in the sediments 20-28.5°C/km, the
same authors predicted the spreading of the GHSZ across the
NW half of the basin, including about 150 m of sediments
below the sea floor. Another example of a continental sea
where GHSZ has been proven is the Black Sea. The sediments
at depths of 500-600 m, saturated with methane, are potential
reservoirs with reserves of about 100-10'>m?3[14], where
hydrates are included into rock (15-60%) intercalations.

Vast volumes of methane hydrate are buried in sediment
or ocean floors, comprising somewhere between 1000 and
5000 gigatonnes of carbon bound in hydrate deposits, which
could be equivalent to 100 to 500 times the amount of carbon
emitted into the atmosphere from fossil fuels [8]. The influ-
ence of methane hydrates on the climate can be predicted
using various mathematical models. However, these models
yield wide ranges due to many uncertainties in Earth’s ocean
and atmospheric systems and their mutual interactions. In
most models, the methane hydrates located directly at the
boundaries of stability zones (MSZ) will be affected primari-
ly. Generally, such zones include hydrates formed in the
water column above ocean floors (Fig. 1), at depths of ap-
proximately 450-700 m [12], and shallower in the permafrost
above the Arctic Circle (Fig. 2).

Interestingly, most of methane released at the ocean floor
does not reach the atmosphere (some estimates suggest that
about 3.5% can vent into the atmosphere [12]), but is mainly
converted into carbon dioxide, consuming part of the ocean’s
oxygen. Such CO; is then partially dissolved into the ocean,
increasing acidification, and the rest is released into the at-
mosphere. The degradation of methane is very intensive dur-
ing its upward migration through sediments below the ocean
floor and involves two biological processes: anaerobic and
aerobic oxidation, both catalyzed by bacteria [8]. Anaerobic
conversion, under ideal conditions, can proceed through sever-
al chemical reactions, yielding calcium carbonate (CaCOs).
Later, such carbonate can be incorporated into sediments and
rocks. However, the aerobic process is much riskier due to the
potential impact of released methane as a greenhouse gas.
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Methane Hydrate Stability Zone Geological column
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Figure 1. Example of the GHSZ in the water column above the
ocean floor and sediments immediately below (prepared
according to [16])

Much of the methane is degraded by bacteria using oxy-
gen into carbon dioxide. It leads to ocean acidification and
reduced oxygen levels. Some estimates show that about
90% of methane released from hydrates is consumed by
those two processes before reaching the surface, and effi-
ciency is increased if methane migration through a water
column is slower [8]. It is worth noting that if methane
release is abundant and rapid, it will not dissolve in water,
since the bacteria will not have time to act, and methane
will be released to the surface in the form of bubbles. This
type of migration is also more probable in a shallow water
column, where dissolution is weaker or absent, i.e., on
continental shelves or top slopes. In addition, the role of
methane hydrate in sediments as a cement may be im-
portant for assessing the stability of primarily such weakly
consolidated rocks if methane has been released.

The threat of methane-related climate risk can be reduced
through controlled production. Until now, there is no com-
mercial field where such hydrates are produced economical-
ly, but volumes of methane in such hydrates exceed the
proven reserves of natural gas (about 95+ % of methane) in
conventional and other types of unconventional reservoirs.
Some sources [8] predicted that methane hydrates could be
economically feasible (as oil-equivalent reserves) with oil
prices topping 50-60 USD per barrel. Some authors also
emphasized the artificial production of methane hydrates
during (subsurface) methane production, such as in coal
mines [17], as a means to rationally utilize methane from
coal mines, thereby reducing gas emissions. The authors
experimentally determined favorable variables for hydrate
generation at 1°C, pressure 10 MPa and duration of
2.5 hours, pointing out that the larger the methane concentra-
tion mixed with air, the greater the pressure required for
hydrate generation.
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Methane Hydrate Stability Zone Geological column

0

100

200

(3
Depth of .'?i
600 Permafrost | &
%
\ B
700 (o

fi——_— Lithology Legend
I3 ] clay
22} claystone
,] limestone
marl
sand

700

800 - 800

Depth (m)
Depth (m)

900 . 900

:7 sandstone

- siltstone

1000 1000

Base of Gas
Hydrate

1100 1100

1200 1200
1300 1300
1400 1400

1500 1500

1600 1600

-30 -20 -10 0 10

Temperature (°C)

20 30

Figure 2. Example of the GHSZ in the deeper Arctic permafrost and
sediments immediately below (prepared according to [16])

3. Conceptual model of laboratory equipment
for methane hydrate production

Methane hydrates, beyond their academic interest, are
among the primary future energy sources. In addition to
natural conditions where they are accessible by drilling, it is
helpful to study them in a laboratory under controlled condi-
tions. To date, most research on methane hydrates and their
behavior under potential reservoir conditions has been con-
ducted using geological-numeric models and by testing at
several sites where their trial production was attempted. The
U.S. Department of Energy website hosts the largest and
most well-known public database, including several case
studies [1]. However, most existing studies address only the
theoretical concept of the formation of such hydrates under
different environmental conditions, but do not offer guidance
on how to produce and study this chemical compound under
relatively standard laboratory conditions and in small quanti-
ties as needed. Only a few such successful attempts have been
described, primarily in large professional laboratories, such as
those operated by hydrocarbon exploration companies or on
drilling rigs at potential reservoir sites [18]. However, both
cases are sporadic and require significant investments. After a
comprehensive search on the Internet and the fact that hy-
drates can also be formed in the presence of gases such as
ethane, propane, butane, or carbon dioxide, only one video
describes how to create not methane but propane hydrate, due
to the inability to establish the conditions necessary for the
formation of methane hydrates, primarily pressure, using
small and inexpensive laboratory equipment [19]. Additional-
ly, there are only a few manufacturers of ready-made labora-
tory equipment for producing hydrates under laboratory
conditions, while the prices are available only upon request.

Today, methods for high-speed synthesis of gas hydrates
are rapidly developing, but existing laboratory equipment for
producing methane hydrates under controlled conditions is
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prohibitively expensive. Consequently, it remains inaccessi-
ble to many research teams with limited financial resources,
which have sufficient academic knowledge and want to ex-
pand it through experimental work. The high cost of labora-
tory equipment also poses a barrier for many scientific re-
search institutions that are interested in methane hydrates.
This limited access, due to high costs, highlights the need for
more affordable approaches that enable a broader range of
research teams to perform experimental work with methane
hydrates. Furthermore, producing methane hydrates under
controlled conditions is challenging because the conditions
required for their formation are difficult to achieve.

In some papers describing the synthesis of methane hy-
drates using expensive laboratory equipment, pressures of up
to 160 bar were applied [20], [21]. However, the literature
states that methane hydrates begin to form at 30 bar and the
appropriate temperature [22], [23]. To achieve the mentioned
conditions, individually or together, considering the critical
values for methane hydrate formation, it is necessary to
develop specific equipment for such purpose, which is the
objective of the conceptual model presented in this paper.

In addition to ensuring the presence of the previously
mentioned thermodynamic parameters necessary for methane
hydrate formation, a technical challenge of this conceptual
model is the reliable control of these parameters. Since the
minimum pressure required to form a methane hydrate is
already relatively high, the chamber must be capable of with-
standing that pressure and higher pressures, at which me-
thane hydrates will form when combined with an appropriate
temperature. For safe operation with methane within the
specified pressure range, certain valves must be integrated
into the chamber. Furthermore, an additional technical chal-
lenge is the need to visually monitor the methane hydrate
formation process to confirm its formation. For expensive
laboratory equipment, this is provided by endoscopic cham-
bers integrated into the chamber interior. In addition, for
better hydrate formation kinetics under controlled conditions,
in the case of laboratory equipment, a magnetic stirrer is
integrated into the interior of the chamber to increase the
contact surface between the two phases, water and gas (me-
thane). Another challenge is to ensure the repeatability of the
methane hydrate formation process. Most commercially
available methane sources are not compressed to the pressure
required for methane hydrate formation. Therefore, methane
must be additionally pressurized before it is injected into the
chamber. If methane is already stored at the pressure required
for methane hydrate formation, as is the case with certain gas
cylinders filled with methane, the main issue is the pressure
drop within the cylinder after several hydrate formation cy-
cles. Consequently, at some point, methane from these
sources must be additionally compressed outside the cylinder
before being injected into the chamber. Repeatability is es-
sential, as producing the required quantities of hydrates ena-
bles subsequent experiments to be conducted to investigate
and understand the phenomena that occur during deep drilling
to discover or develop potential deposits, such as assessing
the impact of fluid filtrate reducers on methane hydrate for-
mation when drilling with water-based muds [24], [25].

To effectively solve the listed technical problems, the so-
lution for the chamber, based on our conceptual model, is a
high-pressure coupling with integrated side elbows for a
pressure gauge, a check valve, and a bleed valve. At both
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ends, the coupling is closed by the sight glasses, of which the
upper one provides the visual confirmation of the methane
hydrate formation process. In addition, to ensure the repeata-
bility of the methane hydrate formation process, a solution is
to apply a gas booster. Our conceptual model does not in-
clude a magnetic stirrer to improve the methane hydrate
formation kinetics, since there is information in the literature
that methane hydrates can be formed without mechanical
mixing of the two phases [26]-[28], i.e. water and methane,
with the emphasis on the fact that mixing only affects the
hydrate formation kinetics. In the case of such a design and
in order to accelerate the process of methane hydrate for-
mation, kinetic promoters can be added to water [29] or a
multipurpose metal material made of copper with a network
of open and closed pores in the form of copper foam can be
used [30]. To achieve the temperature required for methane
hydrate formation, the internal tank of the floor-standing
water dispenser can be converted into a cold bath, cooled by
the dispenser’s existing cooling system, which is controlled
by a temperature regulator.

A comprehensive internet search we conducted also
showed that, according to the design of our conceptual model,
all chamber components can be purchased online from com-
panies that sell standardized, certified products in technical
fields and industrial equipment. The accompanying equip-
ment covered by this conceptual model can also be purchased
from the appropriate websites, and the prices of both the
chamber components and the accompanying equipment are
publicly available and affordable. For this reason, a profes-
sional with knowledge of mechanical engineering, including
welding, can build the chamber himself. To ensure the safe
handling of the chamber, the primary objective is to ensure
that the threaded connections of all chamber components are
compatible with one another to provide adequate sealing and
prevent leaks at high pressure. Chamber components can also
be manufactured in a certified workshop that provides manu-
facturing services for products in the technical field, in ac-
cordance with the customer’s specifications and dimensions.

The chamber within this conceptual model of laboratory
equipment is flexible in its design. It can also be made in a
monolithic shape, with the only detachable element being the
upper sight glass, while all the other components form a
single unit. However, for easier replacement of components
in the event of damage, for example, any threaded connec-
tion due to long-term use, a more suitable solution is a
chamber made up of several separate components. Since our
approach involves a chamber that can be manufactured in a
certified workshop and because the accompanying equipment
described in our conceptual model is publicly available, our
invention constitutes a safe and affordable technical system
for producing methane hydrates under laboratory conditions.
Figure 3 shows the chamber components.

When manufacturing the chamber in a certified work-
shop, the dimensions of the chamber components, in milli-
meters, are provided in the cross-sections of Figure 4. These
dimensions ensure the chamber fits inside the internal tank of
a floor-standing water dispenser. Comparable dimensions of
chamber components are also available on relevant websites.

All chamber components must have the same maximum
working pressure, which is important for the chamber’s in-
tegrity. Our selection for the chamber material would be
stainless steel class 3000.
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Figure 3. Chamber components: 1— upper sight glass; 2 — lower
sight glass; 3 — high-pressure coupling with integrated
side elbows; 4 — T-adapter; 5—longer pipe nipple;
6 — shorter pipe nipple; 7 — check valve; 8 — bleed valve;
9 — bar handle; 10 — lower mount pressure gauges

This class comes under a high-pressure class and is used
for higher-pressure service conditions. It also indicates that
the chamber can withstand pressures up to 3000 psi
(206.84 bar). Although such pressure will never be achieved,
thus, the safety factor is built in. This is also important be-
cause, as the temperature in the stainless steel class 3000
chamber increases, its pressure-holding capacity decreases
slightly. Although methane hydrate synthesis is exothermic,
the mentioned effect is expected to be negligible, as the cold
bath should perform as required.

In addition, Figure 3 shows that threaded connections in-
terconnect all components of the chamber. In general, pres-
sure systems use different sealing methods depending on the
type of system and environmental conditions. For example,
many pressure systems in the oil and gas industry use National
Pipe Thread (NPT) threads. However, there are other thread
types, such as British Standard Pipe Taper (BSPT), British
Standard Parallel Pipe (BSPP), National Pipe Taper Fuel
(NPTF), and others. At the same time, regional differences
and industry preferences also determine the type of threads
used. If chamber components are manufactured in a certified
workshop, the best type of threaded connection should be
selected in consultation with the workshop’s experts.

Certain thread types, for example, National Pipe Taper
(NPT), typically require a thread sealant, such as Teflon tape,
a gasket, or an Oring, to ensure a leakproof connection. If a
sealant is not used with this type of thread, small gaps can
allow leakage, especially with high-pressure gases. There-
fore, for the mentioned type of thread, a high-quality me-
thane-compatible thread tape is necessary. In addition, when
applying Teflon tape, only two turns are recommended, as
excessive application can lead to leaks. In contrast, the pre-
viously mentioned National Pipe Taper Fuel (NPTF) threads
are designed to provide a more leak-free seal without the use
of Teflon tape or other sealants.
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Dimensions [mm]
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Figure 4. Cross-sections of the chamber components and their
corresponding dimensions in millimeters: 11 — cross-
sections of a high pressure coupling with integrated side
elbows; 12 — cross section of a sight glass; 13 — cross-
section of a T-adapter; 14 — cross-section of a longer
Ppipe nipple; 15 — cross-section of a shorter pipe nipple;
16 — cross-section of a check valve; 16.1 — spring; 16.2 —
plate; 17 — cross-section of a bleed valve; 17.1 — rounded
opening; 17.2 — screw; 18 — cross-section of a bar handle

The National Pipe Taper Fuel (NPTF) threads are
designed to crush together as they are tightened, creating a
metal-to-metal seal. This design provides an enhanced seal
without the need for additional sealants. The primary ad-
vantage of National Pipe Taper Fuel (NPTF) threads is their
ability to prevent leaks at the thread roots and crests, even
under high pressure. This self-sealing property makes Na-
tional Pipe Taper Fuel (NPTF) threads ideal for high-
pressure applications where a reliable seal is essential.
When purchasing chamber components from relevant web-
sites, the main issue is the adjustment of the male and fe-
male threaded connections on all components. Since male
and female thread connections on all chamber components
must use the same thread type, this approach requires care-
ful consideration of the available thread types for male and
female connections.
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Since this chamber design does not include a magnetic
stirrer, Figure 5 shows the process of filling the chamber
with a mixture of water and a kinetic promoter.

Figure 5. The procedure of filling the chamber with a mixture of
water and a kinetic promoter: 19 — chamber

At the beginning of this chapter, it was noted that the so-
lution to the technical problem of achieving the pressure
required for methane hydrate formation and ensuring process
repeatability is the use of a gas booster. Therefore, Figure 6
illustrates the methane injection process.

Figure 6. Methane injection under high pressure into the cham-
ber using a gas booster and accompanying equipment:
4 — T-adapter; 5 — longer pipe nipple; 6 — shorter pipe
nipple; 7 — check valve; 8 — bleed valve; 10— lower
mount pressure gauges; 19— chamber; 20 — gas booster;
20.1 —inlet section; 20.2 — outlet section; 21— low-
pressure methane gas cylinder; 22 — pressure regulator;
23 — high pressure hoses; 24 — male-threaded quick
connector; 25 — air compressor; 26 — cylinder valve

A low-pressure methane gas cylinder is connected to the
gas booster inlet section through a pressure regulator and a
high-pressure hose. On the other side, the gas booster outlet
section is connected via a high-pressure hose with a male-
threaded quick connector to the upper female-threaded port
of the T-adapter (Fig. 6). An air compressor drives the gas
booster and is connected to its air drive section via a high-
pressure hose. The gas booster working principle is based on
the pressure ratio between the gas outlet pressure and the set
air drive pressure. This means that for a given air drive pres-
sure, the gas booster delivers much higher methane pressure
at its outlet. By opening the cylinder valve at the top of the
low-pressure methane-filled gas cylinder, methane enters the
inlet section of the gas booster (Fig. 6). When air from the
compressor enters the air drive section of a gas booster, a
system of pistons (larger and smaller) inside the booster
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begins to move (Fig. 7). The movement of the larger piston,
driven by air, is mechanically transferred to the smaller pis-
ton, which, through two stages of compression, compresses
the methane to the pressure required for the formation of
methane hydrate. Continuous operation is achieved via a
pilot valve. At the end of the first stroke, the pilot valve
switches the air supply to the opposite side of the larger pis-
ton, causing it to move in the opposite direction. During the
return stroke, the smaller piston, driven by the larger piston’s
motion, compresses the methane again, thereby achieving the
required pressure. The outlet pressure of the methane is di-
rectly related to the set air drive pressure of an air compres-
sor. Methane from the outlet section of a gas booster is then
injected into a chamber via a high-pressure hose (Fig. 6).

259mm

20.4

Figure 7. Two-stage, one air drive section gas booster working
principle and its dimensions in millimeters: 20— gas
booster; 20.3 — air drive section; 20.4 — larger piston;
20.5 — smaller piston

During methane injection into the chamber, the check
valve is open, allowing methane to enter the chamber
(Fig. 6). A pressure gauge screwed into the female-threaded
side port of the T-adapter allows monitoring of the methane
pressure just before it passes through the check valve and
enters the chamber. When the needle of the pressure gauge,
connected to the shorter pipe nipple, shows a predefined
pressure value, the cylinder valve at the top of the gas cylin-
der filled with low-pressure methane can be closed, and the
air compressor can be turned off. At this injection stage, the
pressure within the longer pipe nipple is lower than the
chamber’s internal pressure. As a result, the pressure in the
larger pipe nipple is too low to overcome the spring force in
the check valve, so the check valve closes, preventing me-
thane from returning from the chamber. Throughout the
entire methane injection process, the bleed valve remains
closed. Since the chamber is designed as a closed system,
and both the check and bleed valves are closed, methane is
trapped under the required pressure and cannot escape from
the chamber. If necessary, the chamber can be disconnected
from the injection apparatus shown in Figure 6. After me-
thane injection, the chamber must be immersed in a prepared
cold bath inside the floor-standing water dispenser (Fig. 8).
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Figure 8. The chamber is immersed in an automatically regulated
cold bath prepared in the internal tank of the floor-
standing water dispenser: 1—upper sight glass;
19 — chamber; 27 — floor-standing water dispenser;
28 — internal tank; 30 — temperature controller socket;
31 —wall socket; 32— temperature controller sensor;
33 — temperature logger sensor; 34 — canister; 35 — sub-
mersible pump; 36 — temperature logger

A detailed description of the water dispenser’s internal
tank is shown in Figure 8. To convert the water dispenser’s
internal tank into a cold bath, the thermal switch must be disa-
bled. Usually, the thermal switch maintains the water tempera-
ture inside the range suitable for drinking, but this range is not
adequate for forming methane hydrate. After hot-wiring the
thermal switch, the internal tank of the water dispenser can be
accessed by turning it to the side and removing the bottle hold-
er on its top. Temperature regulation within the range of -20 to
5°C is achieved by a temperature controller that, with its oper-
ating specifications, maintains the temperature within this
range. The water dispenser cord is plugged into the tempera-
ture controller socket, while the temperature controller’s cord
is plugged into a wall socket. The temperature controller’s
sensor is placed inside the water dispenser’s internal tank. The
interior of the water dispenser’s internal tank is filled with a
prepared mixture of ethylene glycol and water from a canister.
Ethylene glycol lowers the freezing point of water, allowing
temperatures below 0°C to be reached. The temperature con-
troller operates the dispenser’s cooling system based on the
difference between the set and sensed temperatures.

In this way, the temperature controller maintains the cold
bath temperature at the set value. A submersible pump (e.g.,
aquarium type) enables the cold bath to circulate gently in the
water dispenser’s internal tank, ensuring a uniform temperature.
The temperature logger records temperature changes using its
sensor, which is also immersed in a cold bath. This type of tem-
perature logger, in the form of a USB drive, allows recorded
data to be transferred to a computer immediately after the me-
thane hydrate formation process is complete. Once methane
hydrate formation is visually confirmed through the upper sight
glass, it is desirable to further lower the temperature before
removing the chamber from the cold bath, so that the hydrate
remains stable for as long as possible outside of conditions that
favor it. Since the chamber is still under a certain pressure after
the formation of methane hydrate, to safely remove the upper
sight glass and access the methane hydrate, a bleed valve bar
handle is passed through the rounded opening at the top, where-
by the screw located inside the bleed valve is then unscrewed
(Fig. 4). The screw inside the bleed valve is raised above its
seat, while the chamber is depressurized in a controlled manner.
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Since the kinetics of natural gas-hydrate formation within
geologic materials is perhaps one of the less studied aspects
related to their occurrence in nature, a new direction of the
laboratory equipment development should be the creation of
a chamber in which, at critical pressure and temperature
values, it will be possible to simulate the lithological condi-
tions of the soil (permafrost) or rocks (ocean floor) in which
methane hydrates have been found so far [31]. Difficulties in
investigating hydrate formation kinetics in porous media
through laboratory experiments are mainly related to control-
ling heat and mass transfer within the porous medium [32].
However, this approach would enable the creation of highly
accurate geological-numeric models for potential deposits.
Since the hydrate-forming methane is either generated in situ
or migrates upward from deeper sources, an apparatus capable
of simulating methane transport processes is also required.

4. Conclusions

The conceptual model presented in this paper is a cham-
ber for producing methane hydrates under laboratory condi-
tions. It includes the use of accompanying equipment of
spatially acceptable dimensions suitable for smaller experi-
mental and working spaces. It is intended for use in universi-
ty conditions, where research teams often have limited finan-
cial resources, and for which methane hydrates, as a future
energy source, are of interest.

According to an internet search (e.g., Google Patent
Search), it is possible to find solutions with designs different
from ours that provide the same technical solution as our
conceptual model. However, all these solutions still require a
substantial financial investment. Explained in this way, the
invention may also be refined and improved. For example, a
submersible magnetic mechanism could enable the mixing of
methane and water through a control glass at the bottom of
the chamber, since the glass is a non-magnetic material and
allows magnetic fields to pass through. However, the spirit of
the invention is fully reflected in this paper with a well-
defined basic principle of its operation. This conceptual
model has also been submitted to State Agency for Intellec-
tual Property in Zagreb, Croatia, for evaluation and is cur-
rently under review.
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IToxonskeHHs i 3HAYEHHSI METAHOBMX TiPaTiB Ta IX yTBOPeHHs B J1a00paTOPHUX YMOBAX
M. Vsenan, T. Manssiy, JI. V3enan, b. [Tamuy

Meta. MeTtoto J1aHOi CTaTTi € MPEACTABIEHHS KOHLENTYAIBHOTO MPOEKTY J1abopaTopHOro oOsiaJHaHHS Ul KOHTPOJILOBAHOI'O YTBO-
PEHHS Ta JOCII/DKEHHS MalnuX KUIBKOCTE METAaHOBHMX TipaTiB 3a 3MiHHMX YMOB THCKY, TEMIIEpaTypH H JITOJOTIYHOTO CepeloBHILA, 1[0
JI03BOJISIE TPOBOJIUTH BiJITBOPIOBaHI eKCIIEPUMEHTAJIbHI TOCIKEHHS 3 IMITaIli€l0 TPUPOTHUX YMOB (POpMYyBaHHS TiApaTiB METaHy.

MeTtoauxka. JlocmikeHHsT BKIIOYAE OTIISAA CyYaCHHX CBITOBHX HAayKOBUX HANPAIIOBAaHb 1 MUIOTHHUX NMPOEKTIB, OB’ 3aHUX i3 pO3BiA-
KO0, TIOIIMPEHHSIM Ta BHIOOYBaHHSIM METaHOBHX TipaTiB. Y3araJbHEHO OCHOBHI I'€OJIOTiYHI Ta TEPMOIWHAMIYHI YMOBH, IO BH3HAUa-
I0Th iX (opMyBaHHSA. Ha OCHOBI IpoBeneHOro aHamizy po3poOiIeHO iHKEHEpHY KOHIEMIII0 JTa0OpaToOpHOTO amapara, sSka Iependadae
BHKOPHCTAaHHSA KaMePH BHCOKOTO THCKY, CHCTEMH CTHCHEHHS rasy Ta By3Jlla TeMIIEpaTypHOTO KOHTPOJIO, 3[JaTHHUX IMPAIIOBAaTH B MEXKax
30HH CTabIIBHOCTI METAHOBHX TipaTiB.

Pe3yabTaTn. 3anponoHoBaHUi amapaT Mae KOMIIAKTHY Ta MOAYJBbHY KOHCTPYKIIIO i MPHUAATHUH JUI BUKOPHCTAHHS B CTAHIAPTHHX
YMOBaX yHIBEpCHTETCHKOI J1aboparopii, 1o 3abe3neuye KOHTPOJIbOBaHY 3MiHY MapaMeTpiB TUCKY W TeMIepaTypH, HEOOXiTHUX IS yTBO-
PEHHSI METaHOBHUX Ti/IPaTiB, i3 3a0e3MeueHHsIM Oe3MeKH eKCIUTyaTallii Ta BiTBOPIOBAHOCTI mpoiiecy. KOHCTPYKIlisl IPYHTY€EThCSI Ha BUKOPHC-
TaHHI KOMEPLIHHO JOCTYITHIX KOMIIOHEHTIB 1 MOKe OyTH peanizoBaHa 3 BiTHOCHO MOMIpHIMH (piHAHCOBHMH Ta TEXHIYHIMHU BHTPATAMHU.

HayxoBa HoBu3sna. [IpencraBieHe pimieHHs € MPaKTHYHOIO Ta €eKOHOMIYHO JOUJIHHOIO aNbTEPHATHBOIO CKIAJHUM i TOporuM Jabopa-
TOPHHUM CHCTEMaM, 5Ki, 3a3BHYaii, 3aCTOCOBYIOTBCS ISl TOCHIPKEHHS METaHOBUX TifpaTiB. OpUriHATIBHICTD MiAXOIY TOJIATA€E B iHTErpalii
JOCTYITHHX NPOMHCIOBHX KOMIIOHEHTIB y CIIPOIIEHY eKCIIepHMEHTalbHy yCTaHOBKY, 37[aTHY BiATBOPIOBAaTH KIIIOYOBI yMOBU (pOpMyBaHHS
METaHOBHX TiZpaTiB y KOHTPOJILOBAHOMY J1a00paTOPHOMY CEPEIOBHILI.

IIpakTHYHA 3HAYHMICTb. 3aNPONIOHOBaHA 1abOpaTOpHA CHCTeMa HaJa€e JOCIITHUKAM, BUKJIAaAa4aM i CTyJCHTaM IHY4YKYy eKCIIepUMEH-
TalbHy MIAaT(GOpPMy Ul BUBYCHHS METaHOBHX Ti/paTiB y BOJHOMY cepeloBHIli abo MOPUCTHX MaTepianax. BoHa crnpusie MpoBeACHHIO MiX-
JTHUCIMIUTIHAPHUX TOCIIKEHb y rajly3saX TeoHayK, CHepreTHIHOI iHKeHepil Ta eKOJOTiYHUX JOCII/HKEHb, a TAKOXK MOXKe e()eKTHBHO BUKOPH-
CTOBYBAaTHCS B OCBITHBOMY IIPOIIEC] Ta EKCIIEPUMEHTAIIBHIN HAYKOBIH pOOOTi.

Knrwouoei cnosa: memanogi eiopamu, 30Ha cmabitbHOCMI 2a308UX 2i0pamis;, HempaouyiiHi 2a306i KoaeKmopu, 1abopamopue 001A0HAHHS
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