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The problem of wax deposition is a common and important problem in the petroleum industry,
especially during the production, transportation and refining of crude oil. This problem is related
to changes in temperature and pressure, crude oil composition, and flow conditions. Research
in the petroleum industry is actively focused on developing improved models and correlations to
accurately predict wax deposition.

The authors of the paper consider approaches based on thermodynamic principles to develop
a model capable of predicting the conditions under which wax deposition occurs. The model takes
into account the chemical and physical interactions in the system, and also includes parameters
determined from laboratory experiments and data on the characteristics of crude oil.

This article presents an analysis of scientific research literature and publications on calculation
methods for predicting paraffin precipitation, and a comparative analysis of existing current
correlations is carried out. Also shown is the calculation of the critical parameters (PVT) from the
obtained data, which is the first step towards a model for calculating the precipitated wax.
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lMapagbuH myHy maeceneci myHali eHepkacibiHOe, acipece wuki MyHaliObl eHAipyde, ma-
cbimandayda xoHe eHOeyde xui keddecemiH xoHe MaHbI30bl Macesie 60sbin mabbinadsbl. byn
Macesie memrepamypa MeH KbIChIMHbIH, WUKi MyHal KypaMbIHbIH XOHEe arblHHbIH XaFdalbIHbIH
e3zepyiHe balnaHbicmbl. MyHal eHep kacibiHOeai 3epmmeyrnep napachuH myHybIH 0851 6ormkay
ywiH xemindipinzeH modenb0ep MeH Koppensayusinapobl a3ipneyee benceHdi barsimmanraH. XKy-
MbICmbIH asmopJsiapbi napachuH myHy xardalnapbiH 6omkal anambsiH Mo0enb0i 83iprey ywiH
mepmoOuHaMuKarbIK MpuHyunmepae HezizoeneeH macindepdi Kapacmeipadsl. Modenb xyledeai
XUMUSITIBIK XoHe u3ukarbiKk apekemmecyOi eckepedi, COHbIMEH Kamap 3epmxaHaliblK maxipu-
benep meH wuki MyHaliOblH cunammamanapbl myparb! Manimemmepde HaHbIKmarfaH napame-
mpnepdi Kammuobi.

byn makanada napachuH my3inyiH 6omkay ywiH ecenmey adicmepi 60lbIHWa fblIbIMU-3€pM-
mey edebuemmepi MeH xapusinaHbiMOapra manday xacarfraH XeHe KordaHbICmarbl Koppensyu-
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sFa canbicmblpMarbsl manoay xacasfaH. AnbiHFaH 0epekmepOeH Kpumukarsbik napamempnepoi
(PVT) ecenmeyde kepcemineeH, 6yn napagpuH myHybiH ecenmey mMooesiiHe anFawkKbl Kadam
6osbin mabbinadsi.

TYWIH CO3[EP: napachuH, Kpumukarnsiknapamemprep, MOofeKynasnbik canmak, Koppensyusl.

AHANIN3 CYLLECTBYHOLLNX METOAUK BEAEHNA PACHETOB
Ansi NPOrHO3NPOBAHUSA BbINMAAEHUA MAPA®UHA
N ONPEAEJIEHVNE KPUTUHECKUX MAPAMETPOB
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lNpobniema ebinadeHus napaguHa s6rsemcs pacrnpocmpaHeHHoU U saxkHol 3adadyell 8 He-
msHol uHdycmpuu, ocobeHHO rpu 0obbi4de, mpaHcrnopmuposke u nepepabomke chbipol Heghmu.
[arHas npobnema cesisaHa ¢ uaMeHeHUeM memrepamypbi U 0asreHus, C CocmasoM cbipol Heghmu,
ycnosusiMu rnomoka. ViccriedosaHusi 8 HeghmsHOU UHOYCMPUU akKmueHO HarpaerneHbl Ha paspabom-
Ky yry4dweHHbIX Modenel, koppensayul 07151 MOYHO20 MPO2HO3UpOo8aHUs 8binadeHust napaguHa.

Asmopbl cmambu paccmampuearom nodxodbl, OCHOBaHHbIE HA MEPMOOUHAMUYECKUX MPUH-
yunax, 0ns paspabomku modenu, criocobHoli npedckazame yCr08US, NPU KOMOPbIX Mpoucxooum
ebinadeHue napacuHa. Modernb yyumsieaem xumuyeckue u chusudeckue 83aumoodelicmeus 8
cucmeme, a makxe 8Krro4aem rnapamempsl, OrpedeneHHbIe Ha 0CHo8e f1abopamopHbIX 3KCrie-
puUMeHmMo8 u OaHHbIX O Xapakmepucmukax cblipol Heghmu.

B daHHOU cmambe npedcmasneH aHanu3 Hay4YHo-uccriedosamesibCckol numepamypb! U
nybnukayut no memooOukam gedeHusi pac4emos 018 npo2HOo3upos8aHusi 8binadeHusi napaguHa,
rnposedeH conocmasumeribHbIlU aHanu3 o Cywecmsywum akmyarbsHbIM Koppensyusm. Takxe
rokasaH pacyem Kpumu4eckux napamempos (PVT) no nonyyeHHbIM 0aHHbIM, KOMOpbIU sensgem-
CS epsbIM wazoM Ha Mymu K MoOesiu pacyema ocax0eHHO20 rnapachuHa.

KITKOYEBBIE CJTIOBA: napaghuH, Kpumu4yeckue rnapamempsbl, MO/IEKYy/sipHasi Macca, Kop-
pensayuu.

transportation and use of crude oil and refined petroleum products are one of the
causes of economic losses in the oil industry, namely reduction in production,
shutdown of wells, and blockage of pipelines.

To predict the formation of paraffin in a fluid, it is necessary to develop a
thermodynamic model through experimental tests and adjustments to existing models.
This theoretical solution, which can work under given environmental conditions, use data
on the composition of the liquid in the analysis, will become an important tool in solving
the issue of paraffin formation.

ntroduction. Crystallization and deposition of paraffins during the production,
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Materials and methods. These models have been developed by other researchers and
are used in the petroleum industry. Currently, when describing and calculating models for
predicting paraffin formation in hydrocarbon liquids, based on the correlation of authors
who have studied this area. These models include: the model of Won (1986), Pedersen et
al. (1991), Lira-Galeana et al., Hansen et al. (1989).

Hansen et al.'s (1988) model describes a group contribution approach for modeling
the interaction parameter y;;. This correlation has up to 160 pseudocomponents was used
in the calculations, the calculated cloud temperatures in most cases within +4 K coincided
with the measured ones[1].

In the model of Pederson et al. (1991), the following general relationships were
proposed for the solubility parameters in the liquid and solid phases [2].

This model showed a more accurate calculation of the paraffin and naphthenic parts
of the C7+ fraction.

In the Coutinho J.A.P. (1998) model, group values for estimating the structural
parameters “r”” and “q” are obtained by simply dividing the initial results r and q by r
and q for 10 methylene units. The model performs better than the model (Wilson 1964)
that predicts the phase behavior of complex hydrocarbon mixtures in both aliphatic and
aromatic solvents. [3]

Model Zuo et al. (2001) proposed an equation for the fugacity coefficient of the i-th
component in the solid phase, which shows a better understanding of the phase behavior [4]:

o7 =<P35re,iyfexp[ = (1——>] Xexp[ ( [ou dP)] ey

Coutinho J.A.P. et al (2002) proposed a correlation for the melting pointand melting
point enthalpy[5]:

T,, = 421.63 — 1936112.63exp (—7.8945(N — 1)°07194 )

where N is the carbon number.

In addition, Coutinho J.A.P. et al. presented an alternative equation for the wax phase
based on the UNIQUAC equation.

With this correlation, more accurate results were obtained compared to the model
(Wilson 1964) and the wax was not considered as a single solid solution.

Research by Hong-Yan J. et al. (2003) showed a new correlation between “r”” and
“q” values.
Melting temperatures under elevated pressure conditions were also realized:
Tf(p) = Tf(P:0.1MPa) +02x(P-0.1) 3)

Correlations were developed to calculate heat capacity as a function of temperature
and carbon number using measured data for n-paraffins. The accuracy of the cloud point
prediction depends largely on the reliability of the melting property and heat capacity values.

In the work of Jean-Marc Sansot et al. (2005), the parameters are replaced by single
average parameter &.

Description of solid-liquid boundaries for synthetic complex paraffin mixtures and
for real petroleum liquids.
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The calculation of wax deposits is more accurate than other local models, especially
for complex crude oil systems.

C. Lira-Galeana et al. (1996) authors proposed a procedure for assessing the
thermodynamic behavior during wax deposition, called the multi-solid solution model.
Currently, this model is one of the widely used methods in this field [6].

H. Pan et al. (1997) proposed a correlation to estimate the enthalpy of fusion of
aromatic substances. This correlation also can describePci for hydrocarbon with molecular
weight greater than 300 g/mol. According to the results of this study, the precipitated
paraffin does not contain aromatic hydrocarbons. First, normal paraffins with the same
number of carbon atoms as naphthene are precipitated.

Nichita et al. (2001) proposed a new correlation for the temperature of the first solid-
state transition [7]:

TY = 366.39775 + 0.03609M; — 2.08796 x 10*/M; 4)

Moreover, the authors proposed correlations for the enthalpies of fusion and solid-
phase transition of normal alkanes.

Based on the results of correlations for synthetic mixtures, a good estimate of the cloud
point was observed within the Multisolid model, but the solid model overestimated it; at
the same time, the amount of paraffin was underestimated by the multisolid model and
overestimated by the solid state model. For natural mixtures, the amount of precipitated
wax was overestimated by the solid state model.

A. R. Solaimani Nazar et al. (2007) proposed a relationship for estimating the heat
of fusion for components of normal alkanes [8].

In addition, the correlation is proposed to estimate the binary interaction coefficients
between two normal alkanes:

ki = f1+ £2 X Ln(Mw;) + f3 x 220 (5)

The proposed approach makes it possible to describe the phase equilibria of various
mixtures of paraffins in a very wide temperature range.

In M. Mansourpour et al.'s (2018) model, two correlations were introduced for merging
properties:
T/ =a—bxexp(c—dXxMW®) (6)

The results show that the melting point and melting enthalpy of the components are
the most important parameters in predicting cloud point. The proposed thermodynamic
model predicts cloud point well in multicomponent systems, as well as in ternary mixtures.

Researcher J. C. M. Escobar-Remolina (2005) developed a solid fraction equation
that directly calculates the amount of precipitated fraction when the value is greater than
zero, and not precipitated when it is zero:

l
Si:Zl'—xil (%)(l=1,2,,N) (7)

R. Dalirsefat et al. (2007) worked with the enthalpy of fusion relation, where the enthalpy
of fusion depends on the melting temperature, molecular weight for a particular component.

The modifications significantly improved cloud point prediction compared to the
Lear-Galeana et al. and Pederson et al. models.
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Results and discussions.To calculate the multi-solid solution model, it is necessary
to analyze the physicochemical properties of surface oil. To begin with, critical parameters
are determined, which include the critical temperature of n-alkanes. For evaluating lighter
hydrocarbon component properties Twu correlation have been used. Mixtures with defined
components comprise of substances with a known boiling point [9]. The critical properties
(Tc and Pc) ant either the boiling point of acentric factor, w, are needed to describe pure
components by an EOS. The equation of state contains a structure parameter which acts as a
third parameter in addition to molecular size and energy parameters. The size parameter can
be calculated from the critical volume, the energy parameter from the critical temperature,
and the structure parameter from the normal boiling-point temperature. Furthermore, the
generalized equation of state for normal alkanes can be reduced to a function only of
normal boiling-point temperature. [10]:

T? = T,(0.533272 + 0.191017 X 1073T;, + 0.779681 X 10~ "TZ — 0.284376 X

1071072 + 0.959468 x 1028 /T3) ™" ®

From the formula we see that the critical temperature is represented as a function of
the boiling point Tbi:
T, = exp(5.71419 + 2.7157960 — 0.28659002 — 39.8544/6 — 0.122488/62) —  (9)
24.75220 + 35.315502
where 6 — molecular weight function
6 = InMW°
The next important critical parameters are pressure and volume:

P? = (3.83354 + 1.19629a'/2 + 34.8888a + 36.1952a? + 104.1930:4)2 (10)
V0 = [1 - (0.419869 — 0.505839a — 1.56436a3 — 9481.70a1*)] 8 (11)

The research analyzed a sample from the X field. Based on laboratory experiments,
the component composition of the oil was determined and their molecular weights
were determined. Using the necessary data, critical parameters were calculated: critical
temperature, critical pressure and critical volume.

Table 1 — Calculation result

Components Mw, g/mol Tc, K Pc, MPa V¢, m3/kmol
CH4 16,04 347,8125 809,41257 1,562810039
C2H6 30,07 540,4186 71546113 2,279623964
C3H8 441 667,1174 617,99933 3,228557558
C4H10 58,12 764,6047 544,93719 4,126250357
C5H12 72,15 844,7391 486,649 5,009166502
C6H14 86,18 912,9805 438,55384 5,896046281
C7H16 100,21 972,3948 398,02166 6,795930242
C8H18 114,23 1024,857 363,39853 7,71118468
C9H20 128,2 1071,553 333,5918 8,638720962
C10H22 142,29 1113,957 307,41512 9,587713827
C11H24 156,31 1152,191 284,58703 10,54232068
C12H26 170,33 1187,043 264,45493 11,50379667

HE®Tb 1 TA3 &5 2023 6 (138) 165



HEPTEXUMUNA

Table 1 — Calculation result

C13H28 184,37 1219,009 246,58306 12,47011106
C14H30 198,39 1248,372 230,68703 13,43531165
C15H32 212,42 1275,507 216,45489 14,3985754
C16H34 226,41 1300,586 203,70425 15,35395699
C17H36 240,471 1324,022 192,14705 16,30684183
C18H38 254,494 1345,818 181,7163 17,24798918
C19H40 268,518 1366,204 172,24252 18,17854492
C20H42 282,5475 1385,327 163,60754 19,09758086
C21H44 296,57 1403,293 155,72005 20,00331633
C22H46 310,61 1420,24 148,48202 20,89657685
C23H48 289,5 1394,371 159,60956 19,5483096
C24H50 338,654 1451,338 135,71652 22,63802257
C25H52 352,691 1465,684 130,05524 23,48763344
C26H54 366,718 1479,297 124,81697 24,32174003
C27H56 380,745 1492,248 119,95551 25,14092423
C28H58 394,772 1504,587 115,43399 25,94523893
C29H60 408,799 1516,363 111,21996 26,73480406
C30H62 422,826 1527,617 107,28474 27,50979418
C31H64 436,853 1538,388 103,60292 28,27042782
C32H66 450,88 1548,711 100,15196 29,01695848
C33H68 464,907 1558,617 96,911775 29,74966694
C34H70 478,934 1568,134 93,864422 30,46885477
C35H72 492,961 1577,289 90,993855 31,17483887

C36+ 506,988 1586,105 88,285676 31,86794691

Models describing the solid-liquid equilibrium (SLE) of wax in oil are needed to
predict when and under what conditions wax will precipitate from crude oil. Calculating
the percentage of wax crystallization involves determining the fraction or percentage of
wax that has crystallized from the liquid phase. This calculation is often important in the
oil and gas industry, especially in understanding and managing flow assurance problems
in pipelines [11]. The percentage of crystallization can be estimated from experimental
data or modeled using thermodynamic principles.

The Multisolid model is based on the precipitation of certain heavy components of
crude oil with average properties assigned to each fraction.

At the beginning of deposition, an unstable solid solution appears in which the
components are temporarily mixed in all proportions. However, after a characteristic time,
separation of the solid solution leads to a final stable state containing pure hydrocarbon
components. Precipitated paraffin is a mass of pure hydrocarbon components containing
precipitating components that are immiscible with each other.

The amount of precipitated paraffin as a percentage of the oil is calculated as [12]:

. X, Minf
0, — =171
wax wt% in oil = 100 X PN LM, (12)
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where F is the total number of moles of the original oil and the number of moles of component
1 precipitated as a solid. Mi is the molecular weight of component i, zi ismole fraction.

Calculation of critical parameters is one of the first step in calculating the thermodynamic
model of paraffin deposits. The article presents an analysis of a sample from X field, with
a known compositional composition, as well as molecular weights. Given the known data,
the critical parameters were calculated. Temperature and molecular weight are interrelated
and this is observed in correlations. To calculate the critical boiling point, it was necessary
to calculate the molecular weight function, since the boiling point depends on this variable.

Conclusion. As a result of the paper, an analysis of scientific research works was
carried out that considered paraffin deposition models. Correlations of existing models were
compared. Based on the analysis of a sample from the field, the component composition
of the oil was determined. In this article, the first stage of finding a thermodynamic model
was carried out, this was finding the critical parameters. These include: critical temperature,
critical pressure and critical volume. @
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