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In this article theoretical and practical aspecftiste GTL technology were overviewed.Proofs thabmo
oils obtained by GTL are the best on the markeevpeovided and prospects for the development sf thi
technology in the near future were exposed.

Introduction

Gas to liquid (GTL) —is a process of convertingunak gas or other gaseous hydrocarbons into loagch
hydrocarbons such as gasoline and diesel fuel.

In 1902, The French chemist Paul Sabatier with Begotiste obtained methane from a mixture ofcarbon
monoxide and hydrogen in the presence of powded@in A few years later the Russian chemist Egdo¥
obtained from the same mixture in the presenceakehand palladium - ethylene, thereby showing the
possibility of the synthesis of higher hydrocarhdBist the first who used this technology in a conuiad way
were Franz Fischer and Hans Tropsch.The processiloies was called Fischer-Tropsch process.

Main natural gas reserves are concentrated in signfpart of Russia and the Middle East, and the ma
consumersare in the US and Europe. It is necessargnsport gas over thousands of kilometers, kwhic
represents a technical challenge. For Europeanmess shippingis mostly realizedthrough pipeliesian
region uses LNG tankers transporting refrigeraigaelfied gas [1]. Both options are very expensidgere is a
third way - the construction of GTL plant. Subsetjueansport and storage of liquid natural gas eosion
products can use infrastructure (tankers, oil gi@yghat is much cheaper.

In recent years, all over the world research aiatatie use of natural gas for the production ofanot
fuel, design and construction of a number of olsjéetve been intensively developing.From an envientad
point of view, natural gas has great potentialomdy as an energy source, but also as a raw miafteritne
chemical and petrochemical industries: obtainedomioiels meet current and future standards of the
industrialized countries in their content of olefilbenzene and other aromatic hydrocarbons, afut sul
impurities. [2]

Nowadays there are two existing plantsfor processatural gas into synthetic liquid fuel Sasol
companies in Mossel Bay (South Africa) with a catya€ 1.15 million. t/year, and Shell in Bintulu @faysia)
with a capacity of 625 thousand t/year.

The synthesis of liquid hydrocarbons from natural @s

Shell is the leading company - licensee synthefsiydrocarbons from natural gas.

At the first stage from a mixture of natural gas amygen at a temperature of about 1500 °C syrgjas i
produced - a mixture of carbon monoxide and hydnogrethe process of manufacturing a synthesisegits a
lot of heat and produces a lot of steam, whickseduo rotate the turbine generators and prodeotrieity.

At the second stage the syn-gas is fed to the egi#theactor, where the molecules are combinedainto
long chain hydrocarbon with a catalyst. The mawdpict is long saturates - paraffins.

At the third stage paraffins are subjected to hgdroking, during which the long moleculesbrakeinto
shorter and isomerization. Depending on the reaaanditions (temperature, pressure) a varietyydfdcarbon
fractionscan be obtained.

The formation of hydrocarbons from CO angs-h complex catalytic process including a largmber
of series and parallel transformations. The proopgsates at high pressures and in the preseroagalfsts
based on group VIl transition metal (mainly Fe, Gu) [3].

The most promising catalysts for hydrocarbon sysithfom carbon monoxide and hydrogen is cobalt
system which at a pressure of 0.1-3 MPa and ahpegature of 120-130 °C makes it possible to obtain
selectively allow linear alkanes [4]:

nCoO + (2n + 1H2 = C,Hyni2 + NHO
The maximum yield of liquid hydrocarbons is 208.6f@ mixture of 1 nthCO + 2H.
Side reactions for synthesis of hydrocarbons franadd H are:

a) hydrogenation of carbon monoxide to methane:

CO + 3H2 = CH4 + Hzo
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b) disproportionation of CO (Bell-Boudoir reaction)
2CO0=C0O, +C
¢) the balance of water gas:
CO +H,0<>CO,+ H,

Mechanism according Henritsi-Olive [2]:
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Selectivity
The Fischer-Tropsch synthesis is considered aobgymerizationreaction CO in which a wide

hydrocarbon fraction is formed [5, 6, 7, 8].
Distribution of products is subject to polymeripatikinetics, and the part of individual hydrocarbon

distribution satisfies the Anderson-Schulz-Florig(F.).
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Fig. 1 The distribution of the Anderson-Schulz-kIGASF)

In this constant growth and chain termination kil k2 do not depend on the length of the intermediat
chain (Flory, hypothesis). According to this modbg molecular weight distribution of products e&tetrmined
bythe growth of speed constants and chain ternoinaitie. the value of the probability of chain gtbw

|l-i:].
Tk ks

The mass fraction of product with carbon numbes setby the Flory formula [5, 6]
Wy =n-a"t-(1—a)?
The valuea is the probability of chain growth. The valaés determined by the nature of catalyst, the

process temperature and pressure. For each clpssdfcts, simultaneously formed on one and theesam
contact of catalyst (paraffins, olefins, alcohothg valueamay be different.
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ASF distribution restricts the selectivity of theopess with regard to individual hydrocarbons awelrt
narrow fractions. Thus, the yield of the gasolirecfion G to Ccan’t exceed 45%, diesel fraction,@® Cpg -
30%. However, selectivity for paraffin wax increasaonotonically with a rise and asymptotically ayjgmhes
100%. If obtained paraffins are subjected to spfirbcracked gas-oil fraction yield can be increawse@i0% for
the reacted feed [9]. The practical maximum forulished data for cobalt is 0.94 and for iron 0[9d]. By
Shell report, their cobalt catalysts obtain a pmiduith the value a «good for 0.9" at a pressunett®sis
"slightly above 3 MPa" [11].

Catalysts

The reaction catalysts are group VIII metals. Re, Eo, Niprovidethe highest catalytic activity.
Ruthenium is already active at 100 ° C, in its preg at elevated pressure paraffins of very higlecotar
weight (polymethylene) are formed. However, thistahés too rare and expensive to be considerednas a
industrial catalyst. Nickel at atmospheric presqn@/ides mostly direct hydrogenation of CO to ragih With
elevated pressure volatile Ni(CQO} easily formed, so that the catalyst is washadod the reactor. For these
reasons, commercial uses only iron and cobaltysitaystems.

Comparative analysis of iron and cobalt catalystshown in numerous monographs and reviews [5, 8,
12-19]. These data are summarized in Table 1.

Table 1 — Comparison of iron and cobalt catalystd-fscher-Tropsch

Fe Co
Cheap Co is more expensive than Fe
Low yield of CH,even with high temperature YieldofGtdpidlyincreaseswith increasing of temperature
Low hydrogenating activity - products contain many High hydrogenation activity — products contain atno
olefins exclusively alkanes
Significant formation of oxygenates Oxygenates lydiarmed
Capable of operating at a low ratio of. €80 Requires close to the stoichiometric ratioGO
Part of the CO is converted to gBy water gas reaction Doesn't catalyze the wadsrrgaction
Quickly oxidized HO and CQ Resistant to oxidation
H,Oinhibits the synthesis of hydrocarbons 2,CHhas no effect on the kinetics
The short life time The life time is limited mainly catalyst poisonstire
syngas

The block diagram and the hardware design of the r&ctor block
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Fig. 2. The block diagram

The industrial FT synthesis reactor should prowadhigh rate of conversion of syngas, isothermality,
effective heat dissipation, minimum loss of catalyairthermore, the reactor should be structursillyple and
reliable in operation. The most serious probleninpa¢he designersis is the need of a good heatvaimbocal
overheating isunacceptable because it leads tongadd the catalyst, and in the case of Co-catalyst an
increased formation of methane. The reactor desigiiso determined by the kind of products, for chhit is
intended.

There are two common types of reactors for the emion of this technology: the fixed bed typeArge
reactor with tubes filled with catalyst and theuldrbased one, where the gas is blown through tvabie base
solid catalyst particles [20].
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Waste-free and environmentally friendly

As known, the wide hydrocarbon fraction is obtaiwkding the FT synthesis. Skilled use of prodigts
possible after their separation into individual stialmces or narrow fractions. Separation scheme,funtlaer
processing depend on whether the plant operatesugieor chemical route. Obviously, the relativedgnall
production of FT is economically justified onlyiifis aimed at chemicals.

Because of low emissionsof hydrocarbons, nitrogedes and sulfur, as well as less waste volume, the
production of distillates plant using GTL technoldg less polluting the air than refinery. Emissiato not lead
to penalties for the contribution to the greenhoaffect, because they contain the same hydrocaytaoms
emissions as traditional refineries.

Processed waterand condensate can be reused iplaiie Gaseous light hydrocarbons collaterally
displayed in small amounts of various technologinatallationsreturn to the process used to geaeraérgy.
The flue gases are emitted into the atmospherensilmithout sulfur and meet the most stringent irepents
in the world.

The catalyst is the only solid waste production returns to the manufacturer for further extractaf
metals.

From the above it can be concluded that the pramtuaif hydrocarbons from carbon monoxide and
hydrogen, is practicallywasteless.

The advantages of synthetic oils

GTL technology allows a wide hydrocarbon fractionthe hydrocracking process which can obtain not
only fuel, but also for the production of base ,aifotor oils.

Synthetic oils obtained from GTL technology haveesal advantages over mineral ones.

1) Light start at low temperatures. This is possibécause the base oil is made from natural gassit
better stability on the molecular level than conti@ral base oils.

2) Save the properties for the entire life cyclee base oil obtained by GTL technology has sigaifity
greater resistance to oxidation than other base B#cause of this it retains the original visgosind fluidity,
even after long runs.

3) Reduced cost for topping up. At high temperature the engine oil is vaporized, resulting in a
decrease of its level in the lubrication system eadlice the engine protection. Synthetic oil hagxnemely
low evaporation under NOACK test results - 10% amtbw. This reduces its consumption, and signifigan
reduces the need for additional refilling.

Conclusion. It's obvious that the "gas to liquid" technologyasrapidly developing field of chemical
industry and energy, although performance in altsdierms, is rather modest. According to forecasity
about 2% of the world consumption of natural ga2045-2020 will fall on GTL-technologies. Thus, t&8L
technology allows to use natural gas to produceomioiels, basic chemicals, base oils and theretakesm the
dependence of these industries on the oil marketuations. In the future, it becomes possibleiterdify the
raw material base of energy and chemicals, moreptaim utilization of carbon-containing minerals adr
planet.
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