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Natural gas reserves on our planet are large. Natural gas is a mixture of gases, the
composition of which is largely determined by the field. However, in any case, the
main component is methane, the volume fraction of which ranges from 70 to 98%. The
remaining components are ethane, propane, butane, isobutane, inorganic gases
(nitrogen, carbon dioxide and noble gases). The higher the relative molecular weight
of the hydrocarbon, the lower its content in natural gas. Associated petroleum gas is
dissolved in oil or located above it, forming a kind of “gas cap”. During the oil
extraction process, it is separated and used as fuel or chemical raw materials.
Associated gas contains significantly less methane and more of its homologues than
natural gas. For practical purposes, associated gas is divided into fractions: gas gasoline
(a mixture of pentane, hexane and other alkanes), propane-butane fraction (a mixture
of propane and butane) and dry gas (similar in composition to natural gas).

In organic synthesis, both pure carbon monoxide and its mixtures with hydrogen
(synthesis - gas) are used in a volume ratio from 1:1 to 2 - 2.3:1. Carbon monoxide CO
is a colorless, difficult to liquefy gas (condensation temperature at atmospheric
pressure is 192°C, critical pressure is 3.43 MPa, critical temperature is 1300C). Forms
explosive mixtures with air within concentration ranges of 12.5 — 74% (vol.). Carbon
monoxide is a very toxic substance; its maximum permissible concentration (MPC) in
industrial premises is 20 mg/m?. Conventional gas masks do not adsorb it, so gas masks
of an insulating type or those with a special hopcalite cartridge are used, which contains
manganese oxides that catalyze the oxidation of CO and CO,. Carbon monoxide is
weakly sorbed not only by solids, but also by liquids in which it is slightly soluble.
However, some salts form complexes with it, which are used for the sorption of carbon
monoxide by aqueous ammonia solutions of monovalent salts. mixtures.

The combustion of saturated hydrocarbons releases a large amount of heat, so
natural gas is the most efficient and cheapest fuel for thermal power plants, boiler

http://www.newjournal.org/ m Volume-43_Issue-5 December 2023


http://www.newjournal.org/

JOURNAL OF NEW CENTURY INNOVATIONS

plants, blast furnaces and glass melting furnaces. In addition, when methane is burned,
the air is practically not polluted with harmful substances.

Methane from natural and associated petroleum gases is an important raw material
for the chemical industry. By converting methane, synthesis gas is obtained, and on its
basis - methanol and synthetic gasoline:

CH4 + H,O — CO + 3H, CO + 2H; —— CH30H
nCO + (2n + 1)H; —— CpHznsz + nH0

Acetylene, hydrogen, soot, and halogen derivatives are obtained from methane:

2CH4 — C,H, + 3H, CH; — C+2H> CH4 + Cl, — CH3CI + HCI

Homologues of methane contained in natural and, mainly, associated petroleum
gases, after separation into individual hydrocarbons, are used to produce alkenes and
then polymers. The propane-butane fraction in liquefied form is used as household fuel
and fuel for carburetor engines. Gasoline produced from associated gas is also the basis
of low-grade gasoline. The main reaction underlying this method is the conversion of
hydrocarbons  with steam over a Ni catalyst on  Al,Os:

CH, + H,0 < CO + 3H, ~ AH,, = —206xdxc | monw

he reaction is highly endothermic, and its equilibrium shifts to the right only as
the temperature increases. To increase the degree of methane conversion, the process
Is carried out at 800 — 900°C in excess of water vapor. At atmospheric pressure, this
excess current is small (2:1), but an increase in pressure adversely affects the
equilibrium state, and in this case it is necessary to work with a volumetric ratio of
steam to methane ~ 4:1.

In addition to methane conversion, carbon monoxide conversion also occurs:

CO + H,0 > CO, + H, ~ AH 5., = 41,0xxc | monb

This reaction is exothermic, and its equilibrium shifts to the left with increasing
temperature, and excess water vapor causes increased formation of carbon dioxide. The
conversion of carbon monoxide proceeds quickly, and the composition of the converted
gas is determined by its equilibrium.

Methane conversion with water vapor produces a gas with a high H,:CO ratio (at
least 3:1), while organic synthesis requires synthesis gas with an H,:CO ratio from 1:1
to (2 + 2.3): 1. This ratio can be achieved by converting liquid hydrocarbons:

- CH; - + H,O « CO + H, and adding carbon dioxide during conversion to
water vapor, which also converts hydrocarbons:CHs+ CO;«< 2CO +
2H, ~ AH 3, = =24Tk/ne | moaw

The reaction is endothermic, and its equilibrium shifts to the right at a sufficiently
high temperature. It is slower than steam conversion. Due to high endothermicity, the
conversion of hydrocarbons is carried out in tube furnaces. The feedstock is fed into
pipes filled with a heterogeneous catalyst and heated by flue gas, and heat transfer is

http://www.newjournal.org/ m Volume—43_Issue-5 December 2023


http://www.newjournal.org/

JOURNAL OF NEW CENTURY INNOVATIONS

carried out mainly due to radiation (radiant furnaces). The disadvantages of this system
are the large need for heat-resistant pipes and the small useful use of the furnace
volume, in which the catalyst occupies a very small part.

For these reasons, another system was developed in which the endothermic
conversion reactions are combined with the exothermic process of combustion of part
of the hydrocarbon when oxygen is supplied to the converter, due to which the overall
process becomes slightly exothermic. Calculations show that for this purpose, a
mixture of CH, and O, in a ratio of 1:0.55 must be supplied to the conversion, which
IS outside the explosive limits, which are especially not achieved due to the dilution of
the mixture with water vapor. The volume ratio of the latter to methane in this case can
be taken lower than in the absence of oxygen, namely from 1:1 to (2.5+3):1 depending
on the pressure applied. This process of oxidative or autothermal conversion has
become widespread. It does not require external heat supply and is carried out in shaft
furnaces with a continuous layer of catalyst.

The process consists of several stages: preparation of raw materials, conversion,
heat recovery, gas purification from CO,. When preparing raw materials, it should be
borne in mind that the nickel catalyst is sensitive to poisoning by organic sulfur
compounds, the content of which in hydrocarbons is limited to 1 mg C per 1 m?. Raw
materials that do not meet these conditions must be purified, for which they are
subjected to catalytic hydrodesulfurization with subsequent removal of the resulting
hydrogen sulfide. The raw material preparation stage also includes gas compression,
mixing it with water vapor and preheating the mixture.

The synthesis gas obtained at this stage, depending on the requirements for the
ratio of CO and H, contains 15 - 45% (vol.) CO, 40 - 75% (vol.) Hy, 8 - 15% (vol.)
CO,, 0.5% (vol.) CH, and 0.5 — 1% (vol.) N, and Ar. This gas is purified from CO2,
for which absorption with water under pressure, chemisorption with an aqueous
solution of monoethanolamine or potassium carbonate are used. When heated and the
pressure decreases, reverse transformations occur and CO;, is released, and the solution
IS regenerated:

CH,OHCH;NH; + CO; «» CH,OHCH;NH,-CO,

K,CO3; + CO, + H,O « 2KHCO;

To obtain 1 m3 of purified synthesis gas, 0.35 - 0.40 m3 of natural gas, 0.2 m3
of technical oxygen and, depending on the applied pressure and CO2 additive, from
0.2 to 0.8 kg of water steam are consumed.
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