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Abstract

Decreasing pollution and increasing oil fields edfility are key
goals of the proper extraction of hydrocarbons froifrassociated
gas (OAG). Despite the potential of a proper OAdization, oil
companies often struggle with an increase in therall gas cost
‘and possible unprofitability of its treatment thbugonventional
methods (Igitkhanyan et al., 2014). These costedléssues have
been mentioned before by authors like Braginskii @hernavskiito
(2011) and Arutyunov et al. (2017). This paperaddtices a novel
method for OAG separation and the subsequent obteof the
Broad Fraction of Light Hydrocarbons (BFLH) thatlies on
compression followed by the cooling. The proposahiplemented
on a mobile laboratory unit developed to define poexpenditures
and optimize the modes of obtaining broad fractioo
hydrocarbons from OAG at oil fields with low gasctiar and
caloricity due to high nitrogen content. The expmmts of the
paper contributed validating the proposed methadi the mobile
unit, and this, among others, by determining opttimedes for the
obtention of the BFLH from AOG with different irgi
compositions of hydrocarbons components and haradfodixtures,
and also by determining concrete values for theeddence of the
°bAG compression pressure on temperature.
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Introduction and Background Information

During the process of extraction, delivery and pssing of oil, the OAG is produced. The OAG is turad
hydrocarbon gas diluted in oil or being in the “sapf oil and gas-condensate fields. The amourDAf in
one ton of oil can vary from one, two up to sevénalusand cubic meters (Semenova et al., 2016pixzaat al.,
2018). In contrast to natural gas, OAG containgstaipom methane and ethane, a large share of pegjaitane
and heavier hydrocarbons (RIA Novosti). One ofrtien and subsequent procedures of OAG utilizaiesdn
its splitting into separate components. This treathprocess allows obtaining dry stripped gas armtoad
fraction of light hydrocarbons (BFLH). This BFLH rtabe further used as raw material for petrochemical
productions, as ecologically pure fuel for heatinged in the same oil preparation process chain &gthe oil
filed, and there are even recent studies analyizintheoretical use for power generation in gasspi€ngines
thus significantly decreasing its flaring (Arutyunet al., 2020).

World volumes of OAG extracted together with oikamather significant (Baranov et al., 2017). Half a
century ago OAG was just burnt at flare facilitidgys doing significant harm to ecology and thisgaese when
burning OAG, carbon dioxide and active soot areastd into the atmosphere. Today, however, evenewhe
there are still other pollution problems associatedil and gas production, see Atoufi and Lamp2eR0), this
associated product of oil extraction, i.e. OAGpisre frequently caught and used, among othershdating
technical premises and producing electrical powhrs is an approach that allows industrial entegsito solve
their own power problems without needing power $yifom outside what in many cases leads to coshga
if the gas is obtained efficiently and properly y&iekova et al., 2019). Besides, OAG is also aaldtiraw
material for the chemical industry. This altogeth#ows, not only to qualitatively utilize OAG prawing the
ecology but also to obtain profit from it in pethaenistry.

Over the last years, the main problem of OAG hasnbeidely discussed all over the globe, including
Russia. In Russia, especially after the governnhedgarees on increasing the payment for limit-esoes
burning of OAG came into effect and after the aatiimn of investment programs of oil-and-gas comgsynihe
qualitative changes in this sphere have start@at¢ar. Thus, the recent and expected productiowthrof light
hydrocarbon raw material in Russia for further usthe petrochemical industry is directly connectéth OAG
processing growth (Kiryushin et al., 2013).

Oil-associated gas can be both a valuable and daungassociated component during oil extractiomalg,
there is no constant ratio of OAG components, &nd there can be a completely different proportib@AG
components at different oil fields. The OAG congithe following components: methan€H4), ethane
(C2H6), propane 3H8), butane (4H10), pentane((5H12), hexane({6H14), carbon dioxide(f02), nitrogen
(N2), oxygen 02) and hydrogen sulfidedS) (GOST R 55598), Kuppusamy et al. (2020). Theseponents
can be conventionally divided infoamy — hydrocarbons (methane, ethane, propane, bytengane, hexane),
inert (hydrogen, carbon dioxide), amérmful or dangerous — hydrogen sulfide, carbon dioxide. The content
of hydrocarbons at different oil fields varies irvery broad range. Thus, at some oil fields OAG cantain
over 80% of hydrocarbons, while at others, usualifiyones, the content of hydrocarbons does notegix6eor 7
% (Speight, 2012; Kayukova et al., 2009).

Generally, OAG extracted from wells is unstableitsycomponent composition and volume. As mentioned,
at different oil fields usually OAG with differemompositions will be extracted. Even in fields lezhclose to
each other, the OAG composition can significanilfed Besides, the gas composition also changél thie
field depletion. In this particular case, inert quments, such as, first of all, nitrogen, prevailthe OAG
composition. Similarly, the volume of extracted OA€pends on the good recovery given that withnheehse
in the oil field operation time, both the oil andAG volume extraction usually goes down. In turn, @A
hydrocarbons can be divided as follows:

- gas — components of grodii, C2 (methane, ethane) being only in a gaseous stalter the conditions

close to atmospheric ones (pressure and tempexailmey are slightly diluted in liquids;

- unstable components of groaB, C4 (propane, butane) — gases, become liquids atdowerature or

under elevated pressure (1.6 MPa);

- and stableC5, C6 (pentane, hexane).

Gas components are distinguished by the fact they fre converted into the liquid state at very low
temperatures or under very high pressures. Unsthptirocarbons can be in a gaseous state at normal
temperature, and in a liquid state under the pressti0.16 MPa. On the other hand, stable hydrazwlare
liquids.

As for the use of the gases, these can be useckithér at the extraction site or transported Igas pipeline
transport which has been preliminarily preparesl, dried and purified. On the other hand, in ligsidte OAG
components can be used either on-site or trangpbsteautomobile transport. Components in a liquédescan
be used as:

- solvents when repairing wells;
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- fuels at oil fields and with insufficient amount@ivn OAG;
- to return pentane-hexane group into marketable oil.

At the oil fields in the operation of the Russiadraurt Republic, the extracted oil is characterigdhe low
gas factor ranging from 4.5 to 35/m Besides, OAG here contains a lot of nitrogeinom 30 up to 90%, and
consequently, it has low caloricity — from 1200topB600 kcal/m Also, at the majority of oil fields in the area
OAG contains a significant amount of hydrogen siélfD.2 — 0.5% (up to 2%) by volume, and, consedyent
OAG is practically useless for domestic purposes.

The OAG complexity lies on more careful preparatiancontrast to the natural gas. The preparation
comprises its separation from heavier hydrocarlzons water. During the phases of transportation ws@lin
pipelines, these components can be condensed emdifuid plugs, and also clogs that leads to dariaghe
gas equipment (Rafa et al., 2014). The OAG canmdmesported only by pipeline transport or by its poassion.

In both cases, it is a quite expensive processreftre, while working with small volumes of OAG, ig
advisable to use it only for technological purposkesil fields for oil preparation, namely, for heating.

One of the main tasks and ways for decreasing @mviental pollution and increasing the profitabilityoil
fields is precisely the extraction of unstable atable hydrocarbons from OAG. In this case, theididraction
can be obtained, which can be transported by matidlens of transportation.

All the existing methods of OAG processing can pkt snto three main groups: physic-energy; thermal
chemical and chemical-catalytic. In this regarde¢hmain technologies have been developed basdlesa
methods: cryogenic technologies (low-temperaturgaiion, condensation, rectification); membrane
technology and adsorption technology (Vorobiev ket 2018). Despite the existence of these well-kmow
methods, in the actual practice of oil fields, osyne methods of OAG processing are applied. The ara
most used method is usually OAG utilization byséparation into components. This process allowaiibg
dry stripped gas which, by its essence, is the saateral gas and also the BFLH. The BFLH can béhéur
used, for example, as raw material for petrochelnpicaductions.

It is well-known in the states of the art and piagtsee for example Igitkhanyan et al. (2014) thatmost
suitable and effective approach of OAG utilizatisnits treatment at the same gas processing pl&his.is
explained by the fact that for faraway oil fiel@AG transportation to such utilization plants isyeostly, and,
in some cases, is either complicated or even iniiplessom the technical side. In such cases, @dsisable to
realize the OAG processing at the same oll fieldsch is by far a more profitable option, espegidtir those
cases where the oil field operation time or its tif/cle are quite limited.

However, the real difficulties arise when impleniegtany possible utilization method for the latee WAG
for manufacturing or commercial purposes, which @maditioned by the features of this type of rawtemal,
and this, as it is necessary to perform the wheteo§ works for OAG preparation, i.e. removal ofahanical
admixtures and drying, and stripping, desulfurizatilaying gas pipelines to distant oil fields, $&&ch et al.
(2018), construction of gas collecting facilitiesjtist cite the most important ones.

In each particular case, the types and volume aksvdiffer, since they are defined by the same OAG
features, distances and conditions of transportaind ultimately by the requirements of the gassaorer. In
any case, the fulfilment of any volume of such prepory measures results in oil gas cost increadgassible
unprofitability of OAG treatment for oil companiéBako and BoZek, 2016), what at the end also leatlgther
negative impact for the environment and a lost chafor the involved companies in the generatiorsahe
extra profits.

In this regard and as mentioned above, from thepgetive of economic feasibility, it is preferaldetreat
OAG directly at the ail field obtaining the liqufdaction (BFLH), as liquid BFLH is more conveniearid cost-
effective to transport to chemical enterprises besides, it can be more effectively used for owrppses as
producing heat or electric power, and this becahseBFLH has higher caloric value than oil-assedagjas
(Mullakhmetova et al., 2015).

Based on all described background information, lemhtic issues and gaps in the states of the at an
practice, the present paper introduces a smalttsizebile laboratory unit “LURPNG” for obtaining tH&FLH
from OAG. The unit has been developed and prodbgddhevsk specialists from UdmFRC UrD RAS together
with teachers and students of Kalashnikov IzhevskteSTechnical University under the supervision of
Academician of RAS, Doctor of Science in EnginegriBrof. A.M. Lipanov. The main goals behind thsige
and development of this unit have been: 1) to dffier possibility of experimental determination bé tBFLH
obtention from OAG on certain oil fields and 2)pmvide a more flexible BFLH obtention by being el
transport the proposed unit by a wide scale of medrransportation, especially to those oil fieldsated far
from the main transport arteries. The solutionhaf problem set up addressed with the proposedanditvithin
the paper is topical for distant oil fields witHoav rate, which besides lack gas pipeline systdimss, the OAG
is utilized by burning.
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Material and Methods

A synthesized description of the proposed laboratgrunit for oil-associated gas separation “LURPNG”

The Laboratory unit “LURPNG” is intended for defig power losses and optimizing the modes for
obtaining the BFLH from OAG at oil fields with logas factor and low caloricity due to high nitrogemtent,
see Fig. 1.

Fig. 1. Laboratory unit for OAG separation “LURPNGource: Self-elaboration.

In the particular case of the proposed unit, themm@ssion method of gas mixture separation is tsed
obtain the BFLH from the OAG (Zaitsev et al., 201This laboratory unit is equipped with a refrigesa
machine, which allows significantly lowering thest® for the BFLH condensation, thus, making itaative
from the point of power costs. The small unit sa@bws effectively using it on smaller distant diglds,
specifically the ones with low rate. The technol@fyompression separation is based on differestieities of
saturated vapours and the difference in condemsptiessures of separate components of the mixtvinen the
temperature or pressure in a two-phase system (vapdiquid) change, its equilibrium is disruptedida
immediately renovated due to the change in the ma®sof the phases. For example, at a constamteeature,
the vapour phase compression results in the coatienf the part of vapours, and with the volumeréase,
the part of the liquid is evaporated. In both caghe vapour phase pressure, corresponding to ithen g
temperature, does not change (Lipanov et al., 2016)

However, with the compression method, the extraatiegree of heavy hydrocarbons is lower, as omlgra
of hydrocarbon vapours is condensed, the secont spays in the vapour phase to maintain the phase
equilibrium. The transition degree is defined by thitial composition, i.e. by the content of heavy
hydrocarbons and pressure elevation degree (Lesthady 2009).

The pressure of the gas mixture p is calculatethéyollowing Eq. 1:

N
p=y 1)
i=1
Where:

p, =%p— the partial pressure of i-gas in the mixture position;

N — number of gases in the mixture;

Xi — molar concentration of the i-gas in the migtur

The bond of the partial pressures, volume and e gas is defined by the following Eq. 2.

=M RT_ RT (2)

Pi L BF\{/— Hi v

Where:

m — mass of the i-gas of the mixture;

4 — the molar mass of the i-gas;

R — gas constant;

T — the temperature of the gas mixture;

V — the volume of the gas mixture.

On the other hand, with the OAG compression, tlessure of all its components increases proportignal
and part of the gases, whose pressure exceededpbar pressure, is condensed. The Antoine equéiiQn3)
that appears next can be used to calculate thesyesf saturated vapours of gases in a pressoge rap
to 0,2 - 0,3 mPa (Khafizov et al., 2012).
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In(P,) = A-B
T+C ©)
Where:
A, B, C — empirical coefficients (Skaftymov, 20172)~- temperature in K, Ps — saturated vapour pressure
mm Hg.
The following Tab. 1 displays the pressure datsatfirated OAG vapour components depending on the
temperature (Blyablyas et al., 2017).

Tab. 1. Saturated OAG vapour components pressloes under different temperatures

Boiling temperature, The pressure of saturated vapour at different teatpees of OAG, [MPa]
Substance o

[°K] 253 [°K] 263 [°K] 273 [°K] 283 [°K] 293 [°K]
Propane 231.1 0.2397 0.3387 0.4653 0.6238 0.8180
Isobutane 261.3 0.0711 0.1063 0.1537 0.2158 0.2951
n-Butane 272.7 0.0443 0.0682 0.1013 0.1457 0.2037
n-Pentane 309.2 0.0088 0.0149 0.0240 0.0371 0.0555
n-Hexane 341.9 0.0018 0.0034 0.0059 0.0099 0.0159

Hydrogen sulfide 212.8 0.5350 0.7433 1.0057 1.3290 1.7200

From Tab. 1, it can be seen that heavier hydrocertase condensed under low pressure. It can also be
concluded that, in terms of the OAG condensatianthe temperature increases, the pressure of satura
vapours increases as well. Consequently, the eipeasl of OAG components condensation go up. In the
considered pressure and temperature ranges oflTd&lydrogen sulfide condensation takes place uhigrer
pressure and at a lower temperature. In this regaid also possible to come to the conclusiort taving
selected the optimal pressure and temperature nmuaisg OAG condensation, it is possible to exclude
minimize hydrogen sulfide penetration into the cemghte. The optimal selection of such modes isobribe
important elements the present paper highlightd,arthe same time, something that the proposetdauetnd
the mobile unit designed and developed take intoaat.

Based on these facts and with the aim of pracyicadtify them, the mobile laboratory unit “LURPNGas
been designed, produced and tested at oil fieldseoldmurt Republic and Samara region to solveptbelem
of optimal mode selection of OAG condensation atipalar places of oil extraction with different exmical
compositions. The following Fig. 2 shows the blai&gram of the developed laboratory unit.

! ’ ° ! ° Gas output
OAG input >\ X\ without BFLH
| .
\/I I | K_/
BFLH l

Fig. 2. Block Diagram of the proposed unit. 1 #d¥, 2 — Compressor, 3 — Air heat exchanger, 4agbrator of the refrigeration
machine, 5 — Separator. Source: Self-elaboration.

On the other hand, Tab. 2 displays technical chariatics and parameters of the mobile laborataiy for
OAG separation “LURPNG".

Tab. 2. Key technical characteristics and paramseté the unit “LURPNG”

Designation Parameter value
Rated capacity of the unit for OAG, {fhr] 20-3.0
Input power, [kW] 0.5-1.50
Control volume of BFLH filling, [ml/nd] 100/0.0001
Supply voltage, [V] 220
Input gas consumption

The unit is equipped with sensors Output gas consumption

Electrical power consumption
Maximum weight of the unit, [kg] 60
Overall dimensions (WxH), [m] 0.81x0.51x0.54
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As can be seen in Fig. 2, in brief, the generatfioning of the laboratory unit for OAG separatistarts
with its connection to the gas pipe using a highspure hose. Inside the unit, the gas gets intdiltae (1)
where it is cleaned from water and oil drops, theyets into the gas counter and compressor (%).hgated gas
is cooled down to the ambient temperature by thén@at exchanger (3) and then to 40 °C by the arbhat
exchanger. The heat exchanger is in the refrigerativaporator chamber (4), where the freon gas filzan
refrigeration machine is supplied. A controllersséte condensation cooling temperature of the gadupts.
Subsequently, from the tubular heat exchangergéseflows into the separator (5) upper part. Theum body
is the centre of the condensate drop formation;cthredensate is collected in the same separatomn |paue.
When the ball valves are open, the condensatelliscted in a transparent measured sampler for theHB
connected to same separator 5. The sampler is-mlLG@asuring glass bottle.

On the other hand, the pressure in the separagatisy a membrane valve consisting of two caviti¢ke
lower one connected to the separator, and the uppeconnected to the LNG container (Leschev eR@09).
The liquefied gas in the container is in the equilim state, i.e. depending on the temperatuneillibe under
certain pressure, which defines the condensatioligbf hydrocarbon vapours, which are in it, andoathe
heavier ones. In the case of the container bellegl fivith propane, all the gases, including it, eoedensed in
the separator. All lighter gases, for instancemfrbydrocarbons — methane, ethane, from the inestga
nitrogen, inert gases, carbon dioxide, etc. flovatigh a membrane valve to the atmosphere via thergder.
The elastic membrane divides two-valve cavitieBe-upper one, which is a reference with the fijad, and the
lower one which is the working one. When the gassgure in the working cavity exceeds the pressutbe
reference one (condensation pressure, vapour pegssiie membrane bends and the gas flows throotgs h
being subsequently discharged into the atmosphéhen the pressure in the valve working cavity goean,
the membrane closes the holes, and the dischargs. Sthe pressure in the separator (condensatessyme of
the BFLH vapours) is controlled by the manometdnaly, when the reference volume of the transparen
measured vessel is filled, the unit is switched thf¢ data of the meters are recorded, the balkegadre closed,
and the sampler with the BFLH is disconnected ftbenunit.

The laboratory unit proposed by the authors in paiger has been successfully tested at some ldi fi¢ the
Udmurt Republic and Samar region as it will be diedafurther in the experimental part of this papEie main
aims have been, among others, to evaluate thehildgsof extracting the BFLH from OAG at differenil
fields, and to assess the operational efficiencthefmobile laboratory unit “LURPNG” at differentl dields
and under different conditions, see Fig. 3. Whestets the laboratory unit has demonstrated itselfiarkable
and simple in operation.

Fig. 3. Testing of the mobile laboratory unit “LBPRIG” at an oil filed in the Udmurt Republic. Sour&elf-elaboration.

Results and Discussion

Analysis of the experiment results for obtaining te BFLH from OAG with different chemical
compositions.

The experiment presented here is mainly aimed faidg the optimal condensation temperature, atcivhi
the electrical power consumption to obtain the BRIddid phase will be minimal. This experiment &alized
using the designed and developed mobile laboratoity“LURPNG based on the compression method. @urin
the experiment, the amounts of input and outputwgai® measured. The parameters of the input gasGjOA
used to obtain the BFLH are given in Tab. 3.
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The obtained BFLH was discharged into the transpameasured 100 ml vessel (0.0003);nthe vessel
filling time was measured with a stopwatch. Whea ttansparent vessel was filled up to 100 ml, thié was
switched off, and the recordings of the inlet gatume meters, outlet gas volume meters and elegtieer
meter were taken. The recordings of the gas volweters were related to normal conditions. Forphidicular
experiment, the normal conditions were assumeti@etof a pressure of 101, 325 Pa (1 atm., 760 m)rakd
a temperature of 293.15 K, i.e. the so-called “rotamperature of 20C (Physical encyclopedia).

Tab. 3. Chemical composition of the input gas (PAG
Test results, measureme Extended uncertainty of the test

No Index designation

units [%] results P=0.95) [%]

1. Helium molar fraction 0.088 +0.008
2. Helium volumetric fraction 0.088 +0.009
3. Hydrogen molar fraction 0.0262 +0.0025
4. Hydrogen volumetric fraction 0.0264 +0.0027
5. Oxygen molar fraction 0.033 +0.004
6. Oxygen volumetric fraction 0.034 +0.004
7. Nitrogen molar fraction 54.8 +11
8. Nitrogen volumetric fraction 55.2 +14
9. Carbon dioxide molar fraction 1.36 +0.11
10. Carbon dioxide volumetric fraction 1.36 +0.12
11. Methane molar fraction 12.4 +0.6
12. Methane volumetric fraction 12.5 +0.7
13. Ethane molar fraction 6.2 +0.6
14. Ethane volumetric fraction 6.2 +0.6
15. Propane molar fraction 14.4 +0.6
16. Propane volumetric fraction 14.3 +0.7
17. i-Butane molar fraction 2.56 +0.15
18. i-Butane volumetric fraction 251 +0.16
19. n-Butane molar fraction 55 +0.3
20. n-Butane volumetric fraction 53 +0,3
21. i-Pentane molar fraction 1.26 +0.13
22. i-Pentane volumetric fraction 121 +0.13
23. n-Pentane molar fraction 1.01 +0.10
24. n-Pentane volumetric fraction 0.96 +0.10
25. Hexane molar fraction 0.43 +0.04
26. Hexane volumetric fraction 0.40 +0.04
27. Hydrogen sulfide molar fraction under 0.01 -

28. Hydrogen sulfide volumetric fraction under 0.01 -

On the other hand, in the previous Tab. 3, it carsden that OAG contains over 50% of inert gasgtn,
this means that the work for condensing this nérogs useless, since after the OAG treatment ratrog
released into the atmosphere. Consequently, thesyme elevation for OAG components condensation is
unfeasible.

The unit was tested at the ambient temperature26f@; and two test samples were taken at different
conditions of condensation temperature. The tesplal was obtained at the condensation temperatute
separator of +4°, while the test sample 2 was obtained at the temtpe= of +20€C. The selection of the
condensation temperature (€4and +20€) was conditioned by the fact that at a condensationperature
below +4T ice crystals can be formed in the condensate #gl tbe pipeline, while at high condensation
temperature the process proceeds under high peesgsulting in increased power expenditures (Skadt/,
2012). The liquefied gas container, setting thedemsation pressure in the separator with the memabralve,
was also at the ambient temperature of €2@Hhen taking test samples 1 and 2. As a resulheftésts, the
BFLH liquids with the diluted gases were obtainggk Tab. 4.
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Tab. 4. Component composition and volumetric coimagon of the BFLH gas phase
Component concentration of test sample 1

Molar [%)]

Component concentration of test sample 2
Name

Volume [%)] Mass [%] Name Molar [%)] Volume [%)] Mass [%]
Helium 0.005483 0.005545 0.0006828 Helium 0.01075 .01@86 0.001368
Hydrogen 0.02613 0.02643 0.00168 Hydrogen 0.02908 .02937 0.00182
Oxygen 0.1388 0.1402 0.1382 Oxygen 1.799 1.815 91.82
;g;ﬁ’gg 8.938 8.986 12.23 gi;?gg 8.392 8.427 11.73
Nitrogen 2.618 2.645 2.281 Nitrogen 8.982 9.065 93.9
Methane 44.11 44.50 22.01 Methane 41.72 42.04 21.26
Ethane 11.76 11.79 11.00 Ethane 10.57 10.59 10.10
Propane 19.31 19.19 26.48 Propane 16.98 16.86 23.78
i-Butane 3.052 2.995 5.517 i-Butane 2.665 2.612 2@1.9
n-Butane 6.098 5.968 11.02 n-Butane 5.328 5.208 389.8
i-Pentane 1.661 1.600 3.728 i-Pentane 1.452 1.397 .3283
n-Pentane 1.224 1.170 2.748 n-Pentane 1.055 1.007 4192
Hexane 1.060 0.9847 2.841 Hexane 1.020 0.9463 2.792

Once the dissolved gases were removed from the BFL&b. 4), a stable BFLH with the following
percentage of components was obtained:

propane-butane part — 46.0 %
pentane-hexane part — 51.8 %
diluted gases — 2.2%

Based on the results of the obtained BFLH that appe Tab. 4, it is also possible to see that wtien
temperature goes down to €4°a lot of diluted gases such as methane, ethaopape, butane are observed in
the BFLH. This way, the gas is easily condensetliabthe same time, the BFLH becomes less stabiteerivthe
condensation temperature is elevated up to @2fen heavier fractions are liquefied (pentangahe).

The results of the test also demonstrated thaptiveer losses for obtaining fixed volume (100 ml)tioé
BFLH are similar for both cases, and the deviat@amswithin the measurement error.

Influence of the hydrogen sulfide and carbon dioxid in the OAG on the chemical composition of the
BFLH obtained by the compression method.

It is well-known that hydrocarbon gases contairigmniicant amount of acid gas components — hydrogen
sulfide and carbon dioxideCQ2 andH2S), also water vapours. In the presence of acidpooents, water
vapours cause the emergence of active corrosiocepses. The availability of hydrogen sulfide anthea
dioxide in the gas composition also increases timent of such water vapours.

The OAG contains this hydrogen sulfide and carbimxide, which according to the standards (GOST R
52087-2018) are inadmissible admixtures in combuasgas, and therefore, it becomes necessary tstigate
their removal from the BFLH. For these purposeg, @AG is usually purified to extract these acidegas
(CO2 andH2S) from it, and as a result, the output gas ntbetsequirements of GOST.

Based upon these facts, several investigations alecerealized using the proposed mobile laboratmiy
“LURPNG” for determining and analyzing the amouiithydrogen sulfide and carbon dioxide in the BFLH
obtained by compression, and this as a consequérhbeir presence and concentrations in the vatiirDAG
the BFLH was to be obtained from. The experimergsawconducted at two oil fields where the OAG ciore@d
a lot of hydrogen sulfide and carbon dioxide saoalse able to draw more robust conclusions on tfieaey of

the unit and its working principle and method. Themical compositions of the inlet gas (OAG) antdatwgas
(after processing) are given in Tab. 5.
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Tab. 5. Chemical composition of the inlet gas (PA outlet gas after the BFLH separation

Component composition, molar fractio Oil field 1, test sample 1 Oil field 2, test sample 2
[%]: inlet gas outlet gas inlet gas outlet gas

Oxygen Under 0.0100 Under 0.0100 Under 0.0100 Under 0.0100
Nitrogen 41.4927 47.5814 44,1051 47.2568
Helium 0.0633 0.0775 0.0678 0.0746
Hydrogen 0.0157 0.0195 0.019 0.0173
Hydrogen dioxide 10.8218 12.0546 11.5929 12.221
Methane 11.4837 13.8878 11.8629 13.1098
Ethane 5.4244 5.7081 6.2227 6.3293
Propane 8.0524 7.6568 8.6778 7.939
i-Butane 2.6805 1.7967 2.4952 1.9645
n-Butane 6.4392 3.1647 5.0647 3.6696
neo-Pentane 0.0124 0.004 0.008 0.0054
i-Pentane 5.3228 1.2818 2.6507 1.3978
n-Pentane 3.0656 0.7835 1.6108 0.7057
Hexane 1.9801 0.7188 2.347 0.4491
Benzene 0.0326 0.0121 0.0686 0.0096
Heptane 0.1174 0.0505 0.3938 0.0536
Toluene 0.0091 0.0035 0.0016 0.0053
Octane 0.0087 0.0097 0.0353 0.0088
Hydrogen sulfide 2.9575 5.1732 2.7581 4.7661
Carbonyl sulfide 0.0057 0.0057 0.0056 0.0056
Methyl mercamptan 0.0044 0.0051 0.0049 0.006
Ethyl mercamptan 0.003 0.0018 0.0025 0.0021
Carbon disulfide 0.0002 Under 0.0001 0.0002 0.0002
Propyl mercamptan-2 0.0045 0.0019 0.0027 0.0015
2-Methylpropyl mercamptan-1 0.0007 0.0005 0.0006 0.0005
Propyl mercamptan-1 0.0004 0.0003 0.0003 0.0002
Methylethylsulfide 0.0002 Under 0.0001 0.0002 0.0002
Butyl mercamptan-2 0.0005 0.0003 0.0005 0.0003
Methylpropylsulfide 0.0001 Under 0.0001 0.0001 Under 0.0001
Dimethylsulfide 0.0004 0.0002 0.0003 0.0002

Similarly, Tab. 6 presents the chemical compos#iofthe BFLH obtained from the OAG (Tab. 5) after

being processed at the laboratory unit “LURPNG”eTénalysis of the results obtained indicates that t
presence of hydrogen sulfide in the outlet gaseiases after separation (Tab. 5), and the presdrggmgen
sulfide becomes minimal at its solubility leveltimee BFLH (Tab. 6). The authors also come to theclusion
that the stable liquid fraction of the BFLH is obtd ecologically clean, i.e. purified from hydrogsulfide and
carbon dioxide admixtures, ad this using the desigand developed unit and the proposed compresstimod.

Tab. 6. BFLH composition (test sample 1, test $a2p

Oil field 1, test sample 1

Designation of indexes

Oil field 2, test sample 2
Test result Designation of indexes Test result

1. Mass fraction of hydrocarbon
components, [%)]:

Methane
Ethane
Propane
i-Butane
n-Butane

2.2-dimethylpropane

1. Mass fraction of hydrocarbon
components, [%]:

0.0585 Methane 0.0233
1.2272 Ethane 0.4491
11.4468 Propane 4.2402
7.9451 i-Butane 3.7227
20.2540 n-Butane 11.0980
0.0297 2.2-dimethylpropane 0.0246
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Dimethylcyclopropane
i-Pentane
n-Pentane

IsomersCs
Naphtene€’s
n-Hexane

Benzene
IsomersCs;
NaphtenesC;
n-Heptane
Toluene
Isomers Cg

NaphtenesCs

n-Octane
Aromatic hydrocarbon€s

IsomersCq
NaphtenesCq

n-Nonane
Aromatic hydrocarbon€,

IsomersCig
NaphtenesCio

Aromatic hydrocarbon€c
n-Decane

IsomersCyy
NaphtenesCi;
n-Undecane
n-Dodecane

Indanes

2. Mass fraction of carbon
dioxide

3. Mass fraction of hydrogen
sulfide

4. Mass fraction of sulfur
containing components:

Mercamptans:
Methyl mercamptan

Ethyl mercamptan

Propyl mercamptan-2

2-Methylpropyl mercamptan-2
Propyl mercamptan-1

Butyl mercamptan-2
2-Methylpropyl mercamptan-1
Butyl mercamptan-1

Sulfides:

Dimethylsulfide
Methylethylsulfide

Methylisopropylsulfide
Diethylsulfide
Methylpropylsulfide
Disulfides:

Methylpropylsulfide
Methylisopropylsulfide

Diethylsulfide

0.0090
16.0666

10.5830

12.8021
2.0781
5.1581

0.0569
3.4676
2.0124
1.7317
0.0571
1.1619

0.8221

0.3992
0.0556

0.3521
0.1142

0.0105
0.0190

0.0424
0.0168

0.0039
0.0105

0.0052

0.0012

0.0038
0.0016

0.0003
0.7661

1.1799

0.0050

0.0076

0.0161
0.0009

0.0012

0.0044
0.0003
0.0003

0.0007
0.0007

Less tha
0.0001
0.0001

0.0007

0.0001

Less thal
0.0001

Less thar
0.0001

=

Dimethylcyclopropane
i-Pentane
n-Pentane
Isomers Cg
Naphtene€s
Hexenes
n-Hexane
Benzene
IsomersC;
NaphtenesC;
n-Heptane
Toluene
Isomer<Cs
NaphtenesCsg
n-Octane
Aromatic hydrocarboig
Isomer€y
Naphtene€y
n-Nonane

Aromatic hydrocarboiig
Isomer€g

Naphtene€;c
Aromatic hydrocarbon€o

n-Decane

Isomerg;
NaphtenesCi;
Aromatic hydrocarbon€1,

n-Undecane
IsomersCi,

NaphtenesC,

Aromatic hydrocarbon€;,

n-Dodecane
Indanes

Total 6f3+

2. Mass fraction of carbon dioxide, %

3. Mass fraction of hydrogen sulfide ,

%

4. Mass fraction of sulfur containing

components, %:
Mercamptans:

Methyl mercampta

Ethyl mercamptan
Propyl mercamptan-2
2-Methylpropyl mercamptan-2

Propyl mercamptan-1
Butyl mercamptan-2
2-Methylpropyl mercamptan-1
Butyl mercamptan-1
Sulfides:

Dimethylsulfide
Methylethylsulfide

Methylisopropylsulfide

10

0080
14.1624

9.8088

18.5359
3.4136
0.0006

7.5244
0.0600
7.8591
4.0051
4.4016
0.0893

3.5402

2.2649
1.4203

0.2189
1.2427

0.5460
0.2841

0.0717
0.1968

0.0557
0.0137

0.0303
0.0181
0.0046
0.0012

0.0093
0.0005

0.0005

0.0004
0.0084
0.0054
0.0064

0.2899
0.2862

0.0035
0.0077
0.0206
0.0009
0.0019

0.0085

0.0003
0.800

0.0008
0.0005

0.0003
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Methylpropylsulfide Less than| Diethylsulfide 0.0001
0.0001

Carbonyl sulfide 0.0057 Methylpropylsulfide 0.0011

Carbon disulfide 0.0050 Disulfides:

Not identified sulfur containing 0.0009 Methylpropylsulfide 0.0001

compounds
Methylisopropylsulfide 0.0001
Diethylsulfide 0.0001
Methylpropylsulfide 0.0001
Carbonyl sulfide 0.0032
Carbon disulfide 0.0080
Not identified sulfur containing 0.0020
compounds

On the other hand, the experiment results obtaaret appearing in Tab. 5 and 6 confirm the caloutati
values of the parameters given in Tab. 1 and thditdgen sulfide is not condensed within the conreideange
of temperatures and pressures. Thus, the liquefgedpurified from harmful admixtures (BFLH) is oibid
directly on small-rate oil fields with minimum powésses. The method proposed within this papertter
OAG compression separation using a refrigeratiorchime is new for the units of such type. The method
working capacity and efficacy is also proved by ¢xperiments carried out. Both the proposed metfiddAG
compression separation and the mobile laboratorly “UbRPNG” based on it are recommended for use on
distant oil fields with a low rate, for which théppline installation is economically impracticaldannfeasible.
The results of the experiments show that an ecoddigi clean stable liquid fraction of BFLH purifieftlom
hydrogen sulfide and carbon dioxide admixtureshiaimed using the proposed method and unit. Thatieg
product can be further delivered for further treaminto produce petrochemical products, to be punipedthe
wells as a solvent for repairs or even to be usddel at the oil fields with insufficient amourt@vn OAG.

Conclusions and Further research

The present paper presented a mobile laboratotynamied “LURPNG” that allows obtaining the BFLH
directly at small-rate faraway oil fields where rtneare poor or non-existing piping systems andrer aavay
from major transport infrastructure. These oildielare characterized by having a low gas factorcataticity
due to high nitrogen content. The presented malrileis mainly characterized by its ability to oibtéhe BFLH
using a compression approach or method, whichssakontribution and added value of this paper.

A series of experiments were realized using th@@sed mobile unit where it was possible to defiptnaal
modes for the obtention of the BFLH from AOG witiffetent initial compositions of hydrocarbons compats
and harmful admixtures, such as hydrogen sulfidecanbon dioxide. The study also experimentallyficored
concrete values for the dependence of the OAG cessn pressure on the temperature. In this regands
possible to conclude that when the condensatiopeesture goes up, the liquid fraction of the BFL&tbmes
more stable, since it contains fewer volatile fiaté and does not contain the admixtures of hydragéfide
and carbon dioxide. On the other hand, it was deoonstrated that at low condensation temperatheegas
solubility increases, subsequently the caloricityhe BFLH liquid fraction goes up, and thus it daa used as
fuel for technological purposes at oil fields otieat technical premises.

The BFLH obtained in the experiments proved to bealaable power product without hydrogen sulfide
admixtures, despite the fact that this was obtaineeth OAG with high hydrogen sulfide content. Bessidthe
compression method of OAG separation proposed @wtithors allows flexibly obtaining the liquid ftan of
the BFLH depending on its further application, fa.pumping it into wells as a solvent during ntaimance, for
the transportation by mobile transport as an edcddly pure fuel. The experiments also allowed oty
important results related to the quantitative andlitptive composition of the BFLH for certain strate oil
fields. Future research aims at experimentallyrérang low oil fields in specific regions in order determine
the presence of wells for which the utilizationtiké LURPNG mobile laboratory facility is conveniemtd cost-
effective in term of OAG utilization. The small siand mobility of the proposed unit will allow tleesorks to
be performed for all fields, regardless of themoteness.
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