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Abstract

The use of hydrogen as an energy source is advantageous because its combustion processes only pro-
duce water vapor, but not carbon dioxide. This excess energy can be stored in underground gas stor-
age facilities, where it is delivered mixed with natural gas. In gas- and oil industry the formation of
hydrate crystals can cause significant damages. A huge amount of hydrate crystal is formed, it can
cause hydrate plugs in the pipeline. Like natural gas, hydrate formation occurs in the case of a natural
gas-hydrogen mixture. The paper presents a method which can be used to study hydrate formation in
natural gas-hydrogen mixture.
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1. Introducion

Hydrogen, which occurs in large amounts on Earth in its compounds, is expected to be a promising
energy carrier in the future. The use of hydrogen as an energy carrier has significant environmental
benefits, as it promises a carbon-free energy supply (Strobl, 2007). However, for hydrogen technology
to spread, its problematic storage and transportation issues need to be addressed. In the storage and use
of hydro-gen, the possibility has arisen that by mixing hydrogen with natural gas, using the existing
natural gas pipeline storage facilities and networks, the blended mixture can reach the end users, thus
achieving an increase in performance (Basniev et al., 2010).

In accordance with the above, it is therefore important to examine how the hydration of each hy-
drogen-natural gas mixture changes with natural gas. The formation of gas hydrate crystals can cause
significant damage in the gas and oil industries. If a large amount of hydrate is formed, a hydrate plug
may form in the pipeline. The hydrate plug causes a loss of production and results in a loss of money
because removing the hydrate plug is a time consuming and expensive process.

The following is a summary of hydrate formation, a review of the literature on gas hydrate for-
mation equipment, and a description of self-developed hydrate testing equipment and measurements.

The purpose of this paper is to present a hydrate test apparatus suitable for testing the hydration of
different hydrogen-natural gas mixture concentrations.
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2. The hydrate

A gas hydrate is a solid state matter, as shown in Figure 1, which resembles snow or ice and consists
of water and certain molecules of a so-called hydrate-forming gas. The hydrate-forming gas molecules
are incorporated into the crystal lattice of H,O, which is wider than ice, without chemical bonding.
The primary causes of gas hydrate formation are that the gas must be at or below the water vapor dew
point in the presence of free water, and that the gas temperature must be below the hydrate formation
temperature for a given gas composition and gas pressure. In addition, secondary triggers or catalysts
may be high flow rates, pressure pulsations, mixing with any external-internal effects, turbulence, or
the presence of triggering solid particles that promote crystal formation. There are number of condi-
tions for the formation and survival of a gas hydrate, such as the importance of having a sufficiently
low temperature and high pressure in the system. It is important that the hydrate-forming gas be a co-
valent compound with molecular lengths less than 8x10-*° m and not miscible with water in the liquid
state. Of course, it is essential that liquid water be present in the system when the gas hydrate is
formed (Bddi, 2003; Hammerschmidt, 1934).

GAS MOLECULES

WATER MOLECULES

Figure 1. Gashydrate and structure (Wissen, 2020; Sharma et al., 2019)

Gas hydrates basically occur in three crystal structures, S1, S2, and SH. SH, i.e., the hexagonal
type, was recently identified, while the other two were in the 1950s. The main structure of hydrates is
water molecules, the gaps are filled with hydrocarbons. The S1 structure occurs in the natural envi-
ronment, while the S2 structure is most common in oil fields. (Karamoddin and Varaminian, 2011,
Sloan, 1998)

In the presence of hydrogen, it is involved in the formation of the hydrate from the beginning, both
for Structure 1 and Structure 2, as illustrated in Figure 2. In the figure, the molecules ethane (C,Hs) are
marked in red, methane (CH4) in blue, and hydrogen (H.) in green.

It is therefore important to examine the effect of hydrogen on hydrate formation.
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Figure 2. Gas phase hydrate formation (Ahn et al., 2020)

3. The hydrate testing equipment

Regarding the hydrate testing equipment, the formation of gas hydrates is examined at different re-
search sites with different equipment and methods. We basically distinguish between static and dy-
namic equipment. Laboratory testing of gas hydrates is performed under static conditions at most re-
search sites. Static hydrate testing equipment is basically used for hydrate formation, determination of
thermodynamic equilibrium states, modelling and, to a lesser extent, determination of the effectiveness
of hydrate inhibitors. These devices usually operate at atmospheric or low pressure. Using the results
of the tests performed with static hydrate test devices, the first devices suitable for dynamic and quasi-
dynamic tests were made. They are usually constructed by passing gases suitable for hydration, usual-
ly high-purity methane, carbon dioxide, or natural gas extracted from a natural real gas field, through a
cell suitably designed for the experiment. The flow rate is usually designed according to the small
sample and in most cases the pressure corresponding to the field is applied for the tests.

The equipment we created is a dynamic hydrate tester equipment for testing the hydration of a mix-
ture of gas and hydrogen. An earlier piece of equipment from the University of Miskolc was consid-
ered in the design of the equipment. Accordingly, the metering device is a small sample test system
corresponding to the gas flow and flow rate of domestic gas wells and the cross section of the wells.
The internal pipe diameter of the system is 2 mm, the tested pipe lengths are 6 and 12 m, respectively.
The flow values can be set in the range of 1-10 nl / min according to the modelling principles. With
the model equipment simulating pipeline flows, tests can be performed in a temperature range like
field conditions, -20... + 30 ° C, under the pressure conditions used in the gas and oil industry, but at a
maximum of 120 bar. (Bolkény et al., 2017; Bolkény and Fiivesi, 2016)

Figure 3. The hydrate testing equipment
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With the test equipment with the above parameters, the processes taking place in the pipe section
from the well in the gas field to the collection station can be well modelled. On the gas supply side, a
sample water mixture with a pre-set gas pressure and flow rate is required to be added to the formed
test system, which can then be flowed through a test tube section placed in a set-temperature cool-ing
unit. The cooling unit consists of a temperature-controlled liquid thermostat, a heat-insulated storage
tank, cooling pipes and a temperature transmitter. Due to the flow resistance in the measuring tube
section, a pressure difference can be measured at the measuring points, which significantly indicates
the formation of a hydrate plug. Figure 4. shows the P&l Diagram (Piping and Instrumentation Dia-
gram) of the equipment, where PT-2 is pressure transmitter, PI-1 is pressure indicator, PT-2 and PT-3
are differential pressure transmitters, TT-5 is temperature transmitter, FT-6 is flow transmitter, GP-01
is gas tank, TC-01 is temperature control, TE-O1 is temperature element, SZ-01..08 are hand valves,
MV-01..02 are motor valves, SU-01 is pressure generator unit, SE-01 is separator cell.
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Figure 4. P&I diagram of the hydrate testing equipment

Processes are monitored by an Omron PLC (Programmable Logic Controller) and HMI (Human
Machine Interface). The signals of the differential pressure transmitters and the temperature transmit-
ters are processed by the PLC, and the data are displayed and tabulated by the HMI. The data can be
processed using a computer. Gas hydrate formation time was examined under gas well conditions (p,
dp, T, Q), with or without the addition of different inhibitors. The following parameters were record-
ed: pressure, differential pressure, temperature and flow rate.

The extracted natural gas consists of several components that can be separated during the purifica-
tion process. Dry natural gas is a useful gas for us, which is mostly transported via pipelines. The other
distinguished component is wet natural gas or gasoline, the valuable constituents of which are propane
and butane. These are obtained by oil washing technology, which is filled into a mixture of PB, pro-
pane or butane bottles or containers after high-pressure liquefaction. The third distinct and important
component is formation water, as the naturally formed reservoir rock contains water between its pores.
Accordingly, during the measurements, it should be considered that in addition to the gas, stratified
water and possibly gasoline must be added during the preparation of the gas sample.
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Figure 4. Measurement result

Test measurements were performed with the device using a 5V / V% gas-hydrogen mixture. Figure 4
shows the result of one of the measurements. The formation of the hydrate can be seen from the
change in pressure. Over time, the pressure change jumps and then reaches a maximum of 7 bar after a
while. This clearly shows the formation of a hydrate plug. Compared to previous purely natural gas
measurements, it is felt that the duration of hydrate formation is prolonged, if a small amount of hy-
drogen is mixed with the natural gas.

According to the plans, the measurements will be performed using a 5-10-15-20 V/V% gas-hydrate
mixture at different temperatures, pressures, and flow rates.

4. Summary

At the beginning of the article, the gas hydrate crystals causing significant dam-age in the gas and oil
industry, the conditions of their formation and their basic properties were presented. Next, hydrate
formation testing equipment has been described in the literature. In our study, we have discussed in
detail the construction of a hydrate test apparatus suitable for studying the hydrate formation mecha-
nism of a mixture of methane and hydrogen of different composition. Finally, we give a brief insight
into an initial measurement result.

In the future, we intend to perform several measurements at different hydrogen concentrations (5-
10-15-20). We also want to perform purely natural gas measurements. During the measurements we
want to change the flow rate, the amount of water and the temperature.
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