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CALCULATION OF SINGLE VAPORIZATION DURING SEPARATION OF GAS
CONDENSATE

Abstract. This article examines the advantages of stabilizing crude oil and gas condensate
to extract the most volatile hydrocarbons (C1—Cs). Stabilization reduces light fraction losses
due to evaporation by up to 80% and prevents corrosion of equipment and pipelines along the
route from the Karachaganak oil and gas condensate field to refineries.

A comparative analysis of effective stabilization methods is presented, including three-
stage separation, distillation in a stabilization column, and their combination.

Phase equilibrium constants and distillate fractions were calculated using the bisection
method implemented in the Pascal programming environment. Based on the calculations,
optimal parameters for the three-stage separation process were determined: first stage — 1 MPa,
35 °C; second stage — 0.3 MPa, 35 °C; third stage — 0.1 MPa, 35 °C. These parameters reduce
the vapor pressure of stabilized condensate to 66.7 MPa. The three-stage scheme offers
advantages such as simplicity and relatively low capital and operational costs. To enhance
stabilization efficiency, it is proposed to combine vapor streams from the second and third
stages and direct them to a distillation column with 11 sieve trays. The optimized column
operation (3.6 MPa, top temperature 26.5 °C, bottom temperature 81 °C) ensures effective
separation into methane, ethane, and heavier hydrocarbons (C3+), which are returned to the
stabilized condensate stream. The methane-ethane fraction is considered a promising feedstock
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for the petrochemical industry.

Key words. Gas condensate stabilization, single evaporation, light carbon compounds.,
three-stage separation, petrochemical feedstock.

Introduction. Gas condensate stabilization 1s a thermodynamic process aimed at
removing light volatile components with low boiling points—primarily methane, ethane,
propane, and butane—frorm an unstable hydrocarbon mixture. The purpose of the process is to
bring the gas condensate to a stable state, characterized by minimal evaporation and the absence
of vapor phase formation under ambient temperature and atmospheric pressure conditions [1-
3]

The stabilization process is based on the principles of phase equilibrium, whereby
changes in temperature and pressure lead to the evaporation of light fractions. In practice,
stabilization 1s carried out through stepwise pressure reduction, preheating of the feedstock,
and/or the use of distillation columns. As a result, the raw material is separated into a stable
liquid phase enriched with C5+ hydrocarbons and a gas phase consisting of methane, ethane,
propane, and butane. The resulting stabilized gas condensate has increased density, reduced
volatility, and can be used as a component of motor fuel, as feedstock for petrochemical
synthesis, or as an export product [4,5].

Various types of technological equipment are used for stabilization, including heat
exchangers, separators, heaters, distillation columns, condensers, and compressor units for the
utilization of separated light hydrocarbons. The choice of stabilization scheme—single-stage
or multi-stage—depends on the composition of the raw material, the required quality of the
final product, and the technical conditions of the facility. Multi-stage stabilization ensures more
precise control over the composition of the final product and efficient utilization of all
condensate components [6,7].

Failure to stabilize gas condensate can lead to a number of serious technical,
environmental, and economic consequences. Unstable gas condensate contains a significant
amount of light volatile hydrocarbons (C;—Cjs), which exist in the gas phase under normal
conditions. During storage and transportation, intensive evaporation of light components
occurs, leading to increased pressure in tanks, leaks through valve and pipeline seals, and the
potential for emergency situations including leaks, fires, and explosions—especially in high-
temperature conditions. The economic losses of an enterprise that neglects stabilization during
the preparation stage can exceed $17-21 million per year [8,9].

From an environmental perspective, the evaporation of unstable fractions contributes to
the release of hydrocarbon vapors into the atmosphere, negatively impacting the environment
and potentially violating air quality regulations. Additionally, such emissions increase the risk
of forming explosive mixtures in industrial working areas [10].

Transporting unstable gas condensate requires strict conditions, including the use of
specialized sealed tanks and cooling systems, which increases logistics costs. Hydrocarbon
losses due to evaporation reduce the commercial value of the product. At processing plants,
unstable condensate can disrupt technological processes, increase the load on gas recovery
systems, and reduce overall processing efficiency [11].

Therefore, gas condensate stabilization i1s an essential part of industrial hydrocarbon
feedstock preparation. It ensures product compliance with safety standards, enhances market
value, and promotes more efficient use of hydrocarbon resources through the extraction of
valuable components for further processing or commercial application.
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Research Methods

The separation of gas condensate is a complex multicomponent process that combines
physical phenomena and mass transfer between the gas and liquid phases. To develop
mathematical models capable of providing accurate predictions, it is essential to consider the
physicochemical principles governing these processes. At the same time, the model must
maintain acceptable computational complexity and be solvable using well-established
numerical methods [12]. To meet these requirements, it is assumed that equilibrium conditions
are achieved during the separation process and that the mixture components undergo single-
stage flash evaporation.

Based on these assumptions, the separation model includes the calculation of phase
equilibrium constants and determination of the distillate fraction using material balance
equations for both gas and liquid phases.

The composition of the feedstock has a decisive influence on the optimal parameters for
gas condensate separation. The main objective of the process 1s the efficient separation of the
multiphase gas condensate mixture into gas and liquid fractions (condensate and water). The
pressure, temperature, and configuration of the process scheme depend on the physicochemical
characteristics of the incoming feedstock.

With a high content of heavy hydrocarbons (Cs+ fractions), it is necessary to maintain
elevated pressures and reduced temperatures in the separators to maximize condensate
recovery, since these fractions condense only under specific phase equilibrium conditions. In
the case of a predominance of light fractions (C;—C4), one or two separation stages under
moderate conditions may be sufficient.

As mput data for the calculations, the composition of crude oil and gas condensate from
the Karachaganak gas condensate field was used. Calculations were performed to determine the
distillate fraction and the molar share of the liquid and gas phases during single-stage
evaporation. The temperature varied in the range of 0 to 35 °C in 5 °C increments. The total
pressure was set at | MPa in the first separator, 0.3 MPa in the second, and 0.1 MPa in the final
separator. The conceptual process flow involves three-stage separation, where the degassing
pressure at each subsequent stage 1s lower than the previous one (Figure 1). The raw feed enters
the first separator, where the vapor phase is removed and sent to the gas treatment unit, while
the liquid phase proceeds to the second separator. A similar process occurs in the third separator
to produce stabilized gas condensate.

To ensure the solvability of the model while maintaining acceptable calculation accuracy,

the following assumptions were made: equilibrium is reached between phases at each stage of
separation, and the mixture components undergo single-stage flash evaporation.
The process 1s considered isothermal at each separation stage and i1s modeled as a sequence of
three stages with decreasing pressure: | MPa — 0.3 MPa — 0.1 MPa [13,14]. A comparison of
the proposed model with other methods demonstrated its effectiveness for basic calculations
and the preliminary stages of process design. For more precise modeling of complex
multicomponent systems, more advanced approaches—such as hybrid models or models based
on PVT analysis—are recommended.

Future research will include comparative testing to determine the applicability of various
models and to optimize gas condensate separation processes.
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Figure 1 — Process flow diagram of the gas condensate separation unit:
S — Separators; G — Gases; RC — Rectification column; DCPTA — Diffuser-convergent pipe-
type apparatus.
The main equation for the calculation of partial single-stage flash evaporation in a
multicomponent system is:

Stable condensate

.
1

X, = ——,
I 14+e (K. -1
(K;-1) M
where @i, X, and yi represent the molar fractions of the i-th component in the feed, liquid, and
vapor phases, respectively.

e=—
F'is the molar fraction of vapor (distillate yield) at the end of the flash evaporation process.
To solve this, we define F as a certain function.

Taking the derivative:
aix(ki—1)"2

o F/ Se=-z( RS <0 (2)
The phase equilibrium constants are calculated using the equation:
Ki=Pi/Pt, 3)

where P; is the vapor pressure of component i, and P_total is the total system pressure.

Results and Discussion

The distillate fraction was determined using the bisection method with an accuracy of up
to 0.00001 (Figure 2). The implementation of the bisection algorithm in the Pascal
programming environment ensures high calculation speed and accuracy when solving problems
related to phase equilibrium and the separation of multicomponent mixtures. Pascal i1s an
effective tool for rapid testing and analysis in scientific research, as it does not require
significant computational resources and provides sufficient precision for solving basic
mathematical problems [15,16].

At the start of the program, the initial values were set as e1 = 0 and ez = 1. Using the
bisection method, the value of E is initially assigned as ei, and then recalculated as e = (e1 + e2)
/ 2. The algorithm checks whether the condition abs(e: — e2) < 0.00001 is satisfied. If the
condition 1s met, the current value of E 1s accepted. If not, the value f is updated using the
formula:f=f+0*q/(1+6*q)

Next, the condition f > 0 is evaluated. If true, e: = E is set; otherwise, ¢z = E is updated. The
ramp-up time is also calculated within the Pascal environment using the program m/ [17].

The developed model serves as a simplified yet functional tool for predicting phase
behavior and distillate yield during the separation of gas condensate mixtures. To improve the
reliability of the results, it is recommended to verify the model by comparing its output with
'
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the results obtained from specialized simulators and to calibrate it using actual field data from
gas condensate reservoirs [18].
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Figure 2 — Dependence of the distillate fraction on temperature

An analysis of the impact of thermobaric conditions on the separation process was
conducted. It was established that an increase in temperature at pressures of 1, 3, and 10 MPa
leads to a higher distillate fraction. This effect is attributed to the enhanced volatility of the
components in the mixture and the intensification of evaporation processes. Elevated
temperature facilitates the transition of light and medium-temperature fractions into the vapor
phase, thereby increasing the distillate yield at each stage of separation. The most significant
influence of temperature is observed in the early stages of separation under high pressure, where
thermal effects notably affect phase equilibrium.

Table 1 — Findings of the single evaporation calculation

Temperature,®C [Separators |Distillate  [Molar fraction of thelMolar fraction of the
fraction vapor phase Y (C1 + C2 +{liquid phase }>(C1 + C2 +
C3) C3)
0 1 0.237 0.975 0.273
. 0.088 0911 0:211
3 0.163 0.735 0.109
5 1 0.250 0.971 0.263
2 0.094 0.894 0.197
3 0.175 0.692 0.094
10 | 0.263 0.964 0.253
2 0.097 0.874 0.183
3 0.185 0.645 0.079
15 1 0.277 0.959 0.238
2 0.098 0.404 0.066
3 0.195 0.539 0.017
20 1 0.291 0.950 0.228
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2 0.110 0.828 0.156

3 0.203 0.551 0.055

25 1 0.307 0.942 0.216

2 0.117 0.801 0.138

3 0.210 0.501 0.045

30 1 0.323 0.932 0.204

2 0.123 0.768 0.126

3 0.216 0.452 0.036

33 1 0.339 0972 0.192

2 0.128 0.738 0.112

3 0.220 0.405 0.028

Table 1 indicate that an increase in temperature and a decrease in pressure lead to a
reduction in the fraction of light hydrocarbons in the vapor phase and an increase in the fraction
of heavy hydrocarbons. The optimal separation results, in terms of maximizing the extraction
of target hydrocarbons Cs+ and minimizing the loss of ethane with the gas, were achieved at a
temperature of 35°C.

Conclusions

The proposed gas condensate separation model, utilizing the sequential separation
method, represents an effective and accessible tool for engineering calculations in the
stabilization of condensate. Despite limitations due to simplifications in the model and the lack
of dynamic factor considerations, it is an important step in optimizing hydrocarbon mixture
separation processes. Further development of the model, including its integration with more
complex methods and the incorporation of dynamic parameters, will extend its application in
both industry and scientific research. For the stabilization of gas condensate, single-stage, two-
stage, and three-stage separation schemes can be employed. The choice of the optimal scheme
depends on the concentration of light hydrocarbons in the condensate. When the concentration
of light hydrocarbons is high, a multi-stage separation scheme is preferable, as it reduces the
distillation fraction at each stage and minimizes the involvement of target hydrocarbons from
the condensate in the vapor phase.

This study has chosen a three-stage separation scheme, characterized by simplicity in
technology and low energy consumption. Based on the results, it is evident that as temperature
increases and pressure decreases, the fraction of light hydrocarbons in the vapor decreases,
while the fraction of heavy hydrocarbons increases. The best results were obtained at a
temperature of 35°C.

To prevent the loss of light hydrocarbons with the vapor, it is recommended to mix them
and subsequently send them to a distillation column for separation into methane, ethane, and
heavier hydrocarbon fractions, which can be used as valuable petrochemical feedstock.
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I'A3 KOHAEHCATBIH BOJIY KE3IH/IEI'I BIP BYJIAHY/bI ECEIITEY

Anoamna. Makajiaja MyHail MeH ra3 KOHJIEHCATbIH TYPaKTaH/bIPY apKblUIbl €H YIIKBID
komipeyrekrep/l (C1—Ca) Oouin any/ibIH apThIKIIBUIBIKTAPbl KAPACThIpbLIFaH. TypakTaHbipy
JKEHLT dpakmusutapasiH Oyinany Ke3inaeri mbeirbIHbH 80%-Fa meiin azaiTein, Kapambiranak
MYHali-Ta3 KOHJEHCAT KeH OpHBIHAH OacTanm MyHall eHIEY 3aybITTapblHAa ICHIHTI apanblKTa
Ka0JIBIKTap MEH KyOBIpIapIbIH KOPPO3HICHIH OOJIBIpMaii Ik,

TuiMal TypakTaHIBIPY 9IICTEPIHE CAJBICTBIPMAJIBI TaJJIAy JKYPri3iimi: YII CaThLIbI
Oenrini ;xyiie, TYpaKTaHIbIPY KOJOHHACBIH/IAFHI aii1ay jKoHE OJapIblH KOMOUHAIHICH.

dazanelK Tene-TeHJIK KOHCTaHTallapbl MeH AUCTHILIAT yiectepi Pascal Oarnapnamansik
OpTAChIH/JA *KY3€re achlpbUIFaH *apTbliail Oeisty ojiciMeH ecentenii. YII carblibl OeiyIiH
OHTAailNIBl MapameTpiepi anbIKTan bl Oipinmi catel — | MIla, 35 °C; exinmi catsr — 0.3 Mlla,
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35 °C; ymrinmi catel — 0.1 MIla, 35 °C. by napameTpiep TyYpakTaHABIPBUTFAH KOHJCHCATTHIH
KaHbIKKAaH Oy KbICBIMBIH 06.7 MIla-ra neiiin Temenzeryre MyMKiHaik Oepemi. YII caTbLibl
cXeMa TEXHOJOTHSIBIK KapanaibIMIBUIBIFBIMEH >KOHE CalbICTBIPMalbl TYPIAE TOMEH
KamuTaN/IBIK JKOHE Maiilanany HIBIFBIHAAPBIMEH epekiieneHel. TypakTanablpy THIMALUIITIH
apTTBIPY MaKCaThIH/IA €KIHIII KOHE YIIIHIII CAThUIAPAbIH Oy arblHAapbiH O1pikTipin, |1 Topisl
tabakwacel 0ap pexkTH(UKALMA KOJIOHHACBIHA OarblTTay YCbIHBUIA/bl. KOJIOHHAHBIH
OHTallnanAbIpeIIFal KyMelc peskuMi (3.6 MIla, ycrinri temneparypacsl 26.5 °C, ToMeHTr1
temneparypacel 81 °C) MeTan, dTaH kaHe ayblp koMipcyTekTep (Ci+) dpakuusinapelH THIMIIL
Oenyre skarnmail Jkacaiapl. byl KOMIOHEHTTEp TypaKTaHIBIPBIIFAH KOHAEHCAT arbIHBIHA
KalTapeutambl. MeTaH-3TaH KOcmackl MYHail-XMMHsI ©HEpKociOiHe Oomalrarbl 30p IIHKI3aT
PETIHJIE KapaCcThIPhLIA/IBI.

Kinm ce30ep. I'a3 koHaeHcaTbIH TYpaKTaHAbIpy, Oip peTTik OynaHy, *KEHIT KOMIpTEKTI
KOCBUIBICTAp, YII CaThbUIbl C€Napaius, MyHai-XuMHs IIHKI3aThI.

PACYHET OJHOKPATHOI'O HCITAPEHMUA ITPU PA3JIEJIEHUU I'A30BOI'O
KOHIEHCATA

Annomayusn. B 1aunoii cratbe pacCMOTPEHBI IPEUMYILECTBA CTa0HIN3ALNKH HEPTH H Ta30BOT0
KOHIEHCATa € LEeJbl H3BIedeHHs HaubOonee neryuux yrunesonoponoB (Ci-Ci). Crabunuszauuns
TMO3BOJIAICT CHH3HMTh MOTEPH JIETKHX (pakuuii Ha ucnapenne 10 80 % W NMPeOTBPATHTE KOPPO3HIO
obopynoBanus u  Tpy0ompoBOZOB ~ Ha  BceM — mpoTsbkeHMd — or  Kapauaramakckoro
He()Tera30KOHICHCATHOI0 MECTOPOXKAeHUs 10 HedTenepepadaTeiBalOmMX 3aBoJoB. OCHOBHBIE
XapaKTepUCTHKH Ta30BOTO KOHJEHCATA MECTOPOXKICHHS: TIOTHOCTH 782.38 kr/m?®, comepkanue Cs+
8.01 % (mom.) [1].

B pabGore mnpoBeaeH cpaBHUTENbHbIH aHaiM3 A(PPEKTUBHBIX METOIOB
cTadMiIM3aLuy, @ UMEHHO: TPEXCTYIICHUATOE pa3JesieHue, JUCTUILISLMS B CTaOMIM3aMOHHOMN
KOJIOHHE M HX KOMOMHHPOBAHHE.

PacueT KOHCTAaHT (pa3oBOTO PABHOBECHS W OMpPEIACICHHE JONM JAUCTHILIATA JUIS
ra30BOr0 KOHJIEHCATa OCYILECTBIIEHBI ¢ MCMOAb30BAHUEM AJITOPUTMA MOJOBHHHOIO JEIEHHS,
peasiM30BaHHOTO B mporpammuHoil cpeae Pascal. Ha ocHoBe mnomyueHHBIX pacueToB
olnpe/ieNeHbl ONTHMAJIbHBIC MapaMeTpbl TPEXCTYIEHYATOro pasJIe/IcHUs: MepBas CTYIeHb —
nasnenue | MITa, remneparypa 35 °C; Bropas crynens — napnenue 0.3 MlIla, remneparypa
35°C; Tpetbs cryneHbp — npasieHue 0.1 Mlla, temneparypa 35 °C. [lanHble napameTpsl
NI03BOJIAIOT CHU3UTH JaBJICHHE HACBILICHHBIX IapOB CTA0MIM3HPOBAHHOIO KOHJEHcaTa 10 66.7
MIla. OT™MeueHbl MPEUMYIIECTBA TPEXCTYMEHYATOH CXEMbI pa3ieNieHus, Takue KaK MpocToTa
TEXHOJOTHYECKON PEalu3alliid U OTHOCHUTEIBHO HU3KHUE KAlIUTAIbHBIE H KCILIyaTallHOHHbBIE
3arpatsl. s moBeieHns 3pPEeKTHBHOCTH CTAOMIM3AIMH TIpeiIaracTes 00beIHHUTD TOTOKH
NapoB CO BTOPOH M TpeThel CTyNEeHeH cenapaldyd M HAanpaBUTh HX B PEKTH(PUKALHOHHYIO
KOJIOHHY, OCHalleHHYyl |1 Tapenkamu ceryaroro tuna. ONTHMU3HPOBAH pEeXUM padoOThI
KOJIOHHBL: JaBineHue 3.6 MIla, remneparypa Bepxa 26.5 °C, remneparypa Huza 81 °C. B
KOJIOHHE [IPOMCXOJUT pasjelieHHe Ha (pakuuy MeTraHa, TaHa W 0Oojee  TsKelble
yraesogopoab! (Cit), KOTOpbe BO3BpAIAIOTCS B MIOTOK CTAOMIN3HPOBAHHOTO KOHIEHCATa.
@pakuus MEeTaH-3TaHOBOI CMECH pacCMaTPUBAETCS B KaueCTBE NEPCIEKTHBHOTO CHIPHS UL
HeTeXHMHUYECKOH MPOMBIIIUIEHHOCTH [2].

Knatouesvie cnoea. Ctadunnzanusa ra3okoHIEHCaTa, OJHOKPATHOE WCIIApEHHE, JIETKHE

YIIEPOAHBIE COSMHEHM, TPEXCTYIeHYaTas cenapaius, HepTeXMMHUYECKOoe Chiphbe.
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