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This research focuses on investigating the melting behavior of crude oil extracted from
five specific fields located in Kazakhstan. Understanding the crude oil's melting point and the
temperature at which it transitions to a solid state is crucial for predicting wax precipitation, a
significant concern during oil transportation and storage.

The study employs various laboratory instruments to achieve this goal. These instruments
include gas chromatograph for analyzing the oil's composition, differential scanning calorimeter
(DSC) for measuring the heat flow associated with phase changes during temperature variations
and pour point tester for determining the lowest temperature at which the oil can still flow.

By utilizing this comprehensive approach, the researchers aim to establish new correlations
between the crude oil's properties and its melting point and solid-state transition temperature.
These newly developed correlations are expected to demonstrate a closer alignment with the actual
melting points of various hydrocarbon components within the crude oil compared to the standard
correlations currently employed by most prediction models. This improved accuracy could lead
to more reliable wax precipitation predictions, ultimately benefiting oil production, transportation,
and storage operations in Kazakhstan.

Obtained experimental results provide valuable insights into the melting properties of the
analyzed crude oil samples. This observation indicates that this particular oil is less viscous, as it
solidifies at a relatively positive temperature. Furthermore, by incorporating these findings along
with the oil's molecular weight, researchers can potentially establish a correlation specific to Field
A oil for predicting wax deposition.

KEY WORDS: fusion properties, melting temperature, solid state transition temperature.
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Byn 3epmmey KasakcmaHda opHanackaH 6ec KeH OpHbIHOa eHOIpineeH wuki MyHaloblH
bankybiH 3epmmeyeeapHarnraH. LLuki myHaldbiH 6anKy memnepamypachiH XoHe OHbIH Kamimbl
Kylize mycemiH memnepamypackiH mycCiHy napaghuHHiH mycyiH bormxay ywiH eme MaHbI30bl, by
MmyHatidbl macbsimanday meH cakmayObiH MaHbi30bl MaCereci.

Ocbl Makcamka xemy ywiH 3epmmey apmypii 3epmxaHarsiK Kypandaposb! natdanaHaosbl.
OnapdbiH iwiHde myHal KypamblH mandayFra apHarFaH 2a3 xpomamoepadhbl, memnepamypaHblH
aybImKybIHOarbl ghadanapibiH e32epyiHe balinaHbiCmbl Kby afbiHbIH enleyae apHarnFaH oughghe-
peHyuandbl ckaHepney kanopumempi (CK) xeHe myHal o5i de afbin Kemyi MyMKiH eH meMeHe
imemnepamypaHbi aHblKmay yWiH Kamaro memrnepamypachiH CbiHaywbl bap.

Ocebl keweHOi macindi KondaHa ombipbir, 3epmmeyuwinep Wuki MyHalodblH Kacuemmepi MeH
OHbIH 6anKy memnepamypackl MeH Kammbl Kyliee emy memrnepamypach! apacbiHOa XaHa Koppe-
nayusinap opHamyra HUemmi. byn xaHa koppensayusnap kasipai yakbimma 6omkay mooenboepiHiH
KenwiniziHoe KondaHbliambiH cmaHOapmbl KOppensyusnapmMeH canbicmbipraHda MyHalobiH
apmypni KemMipcymek KOMIOHeHmMmepiHiH Hakmel 6ankKy memnepamypanapbiHa danipek cau-
kec kenedi den kyminyde. JoandikmiH myHOal apmybi napahuHOi xayblH-WalbIHHbIH HEFYPIbIM
ceHimOi 6ormkamOapbiHa aKkenyi MyMKiH, 6y, calbin keneeHoe, KasakcmaHda myHal eHdipyee,
macbkimandayra xeHe cakmayra xarbIMObl acep emedi.

AnbIHFaH aKcrnepuMeHmmiK Hemuxernep mandaHambiH WUkKi MyHal yneinepiHiy 6anky Ka-
cuemmepi myparsbl KyHObI myciHik 6epedi. byn 6akbinay bepineeH MyHalObiH MYyMKbIP/blfbl a3
eKeHiH kepcemeOi, elimkKeHi o canbicmbipmarnsl mypde oH memnepamypada Kambin Kanaokbl.
CoHbIMeH Kamap, ocbl 0epekmepdi MyHalObiH MOeKyasnbik carMmarbiMeH bipae sepmmeywinep
napaguHHiH myHbacbkiH 6orxay ywiH A KeH OpHbIHbIH MyHalblHa Koppensayusi opHama anaosl.

TYUIH CO3LEP: mepmosdporbik Kacuemmepi, 6anKy memnepamypacsl, Kammbi Kylize
emy memrnepamypachbl
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LaHHoe uccredosaHue rnocesu,eHo u3y4eHuro rnaasneHusi cbipol Heghmu, 00bbimoli Ha namu
MecmopoxX0eHUsiX, pacronoxeHHbix 8 KazaxcmaHe. [ToHumaHue memnepamypbl raeneHus Cbi-
pol Hegbmu u memnepamypsl, MPU KOMopoul oHa rnepexodum 8 meepdoe cocmosHuUe, umeem
pewarowjee 3Ha4eHue 0115 MPO2HO3UpPO8aHUs 8binadeHus napaghuHa, 4Ymo s1es5emcsi cepbe3Hol
npobnemoli npu MpPaHCnopmuposKe U XpaHeHuu Heghmu.
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[ns docmuxeHuss amoul yernu 8 uccredo8aHUU UCMOMb3yrmcs pasfiuyHbie nabopamopHbie
npubopel. Cpedu HuUx 2a3osbill xpomamoepadh 0511 aHanu3a cocmasa Hechmu, dughghepeHyu-
anbHbIl ckaHupyrowul kanopumemp (ACK) Ons uamepeHuss merninoe8o20 nomoka, cesa3aHHo20 ¢
usmeHeHueMm a3 npu KorebaHusx memnepamypbl, U mecmep memrepamypbi 3acmbi8aHus Ors
onpedeneHusi camoli HU3KOU memrepamypbl, Mpu KOMopoU Hehmb eule MoXem meyb.

Ucronb3ys amom KomnekcHbIl nodxo0, uccredosamernu HaMepEHb! yCMaHOo8UMb HOBbIE KOp-
pensyuu mexoy ceolicmeamu cbipoli Hechmu u ee memnepamypou rnnasaeHus: U memnepamypou
rnepexoda 8 meepdoe cocmosiHue. Oxxudaemcs, 4mo 3mu Hosble Koppensayuu 6ydym 6ornee mo4yHoO
coomeememeosamb hakmuyeckuMm memnepamypam naasneHus pasiuyHbIX yerneso00pPOOHbIX KOM-
MOHEeHMOo8 Heghmu o cpasHEHUI0 CO cmaHOapPMHbLIMU KOPPESUUSIMU, UCMOIbL3yeMbIMU 8 HAaCmMo-
Awee spems 8 borbLUHCcMBe Modereli MPo2HO3UPos8aHUsi. Takoe nosbIlueHUe MoYHOCMU MOXem
npusecmu K boree HadeXHbIM MPO2HO3aM 8bINadeHus1 napaguHO8bIX 0cadKkos, YmMo 8 KOHEYHOM
umoee bnaz2onpusimHoO ckaxkemcsi Ha 0obbl4e, MpaHCIopMupPosKe U XpaHeHuU Heghmu 6 Kasaxcmare.

[Nonyy4eHHbIe sKcriepuMeHmarsbHble pe3yrbmamabl 0arm UeHHoe ripedcmasieHue o c8oli-
cmeax rnaeneHust aHanuaupyembix 0bpa3yo8 coipol Heghmu. 3mo HabnwdeHue yKka3bieaem Ha
mo, ymo daHHasi Heghmb 8rsIemcsi MeHee 853K0U, MOCKO/bKY 3acmbl8aem fpu OMHOCUMEesbHO
ronoxumernsHol memnepamype. bonee moeo, ucrosnb3yst amu 0aHHbIe 8BMECME C MOJIEKY ISPHbIM
gecom Heghmu, uccredosamesnu Mo2ym ycmaHOo8UMb KOPPensyuto 0518 Heghmu MecmopoxXoeHust
A 011 npoeHo3upoBaHus ocax0eHus1 napaghuHa.

KITKOYEBBIE CJIOBA: ceolicmea nnaesnieHusi, memrepamypa rnaaerneHusi, memrnepamypa
nepexoda 8 meepdoe cocmosiHue

ntroduction. Crude oil is a complex mixture of several hydrocarbon and non-

I hydrocarboncomponents. Typically, the hydrocarbon components consist of

asphaltenes, resins, aromatics naphthenes and paraffins. These hydrocarbon

components are frequentlyremain stable in the crude system until a distortion in the

equilibrium state occurs. Change in pressure, temperature and oil composition are the
mandatory factors thatdrive disequilibrium, hence instability of a crude oil system.

Most crude oil in Kazakhstan contains heavy hydrocarbons that precipitate as paraffin
(wax) solids at low temperature. Paraffin is a heavy component of crude oil that precipitates
as a solid phase below the pour point. Deposition of precipitatedparaffin on pipe walls is
one of the challenging flow assurance problems that causesreduced and complete blockage
of oil flow rates by reducing the cross-sectional flowarea in pipelines. In addition, onshore
facilities require higher energy consumptionandequipment failure due to paraffin plugs.
Wax deposition also increases the viscosity ofthe oil mixture, resulting in higher energy
requirements for crude oil transportation.

Numerous approaches have been developed to predict and prevent the above-
mentioned flow problems in both science and industry. Most of them are based onprediction
of melting point temperature and solid-state transition temperature.Currently, there are
two types of models that can be used to calculate waxdeposition.One model assumes that
the precipitated paraffin is a solid solution. Theother assumes that the separated phase
consists of multiple solid phases.The studies were carried out by statistical analysis and
data preparation usingfields data from the deposits. The melting point temperature and
solid-state transitiontemperature were calculated from the results of the analysis.

Materials and methods. Starting from melting point temperature, Won (1986) [1]
in paper presented a method for thermodynamic prediction of vapor-liquid-solid paraffin
phase equilibria. Then proposed equation to calculate melting point temperature according
to the molecular weight.
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T/ =374.5+0.02617 * MW,- 20172/MW, (1)

where: MW — molar mass.

The subsequent correlations are modifications of Won’s equation. Nichita et al. (2001)
[2] correlation one of the crucial equations of wax modeling. Researchers found that the
precipitated paraffin phase can exhibit retrogradephenomena like those in gascondensates.
As a result of pressure reduction (at constanttemperature), the amountof precipitated
paraffin can first increase, then decrease,andthen increase again.

They obtained a new correlation to determine solid state transition temperature:

T/ =366.39775 + 0.03609M, - 2.08796 x 10%/M, 2)

While Xue et al. (2019) [3] studied a thermodynamic model for four phases involving
vapor, liquid, wax-rich and asphaltene-rich which is developed to predict the cloudand the
amount of wax and asphaltenes precipitation at different temperatures. A scientist used
Won'’s melting point temperature correlation which is depends on value of molar mass:

T/ = 3745 +0.02617M; - =222, M; < 450 3)

1/ = 411.4 -2 1, > 450 )

Escobar Remolina (2006) [4] predicted characteristics of wax precipitation in synthetic
mixtures and fluids of petroleum by creation of new model. They derived Won’s melting
point temperature by adding mathematical exponent, which is required for the calculation
of the fugacity of the pure solid:

T/ =370.12 + 0.002403M; — =%

— 139.67 exp(—0.008546M,) (5)

In Mansourpoor (2018) [5] study, an multi-solid thermodynamic model was developed
for wax disappearance temperature (WDT) prediction at low pressures. Phase behavior of
liquid was described by using Peng-Robinson equation of state [6]. Paraffinic-naphthenic-
aromatic (PNA) analysis was applied to divide each component into its paraffinic-
naphthenic and aromatic sub-fractions. In addition, two correlations for fusion properties
of mentioned sub-fractions were developed to better estimation of solid-phase behavior.

The PNA analysis was performed using Riazi (2005) [7] method. PNA analysis
separates each component into paraffinic (P), naphthenic (N), and aromatic (A) species.
Where each property was estimated by this equation:

0 = x,0,+ x\Oy+ x,0, (6)
Where: 6 — property; x,, xy and x, are composition of the P, N and A species, respectively.
Experimental data of Himran et al. (1994) [8] for fusion temperature of normal paraffins,

and experimental fusion temperature data of naphthenic and aromatic hydrocarbons (API,
R 1964) [9] were utilized to derive a correlation in the following form:
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T'=a—bx*exp(c—dx* MW) (7)

Where: MW — molecular weight; a,b,c,d and e are constants for PN and A species.

Table 1 - Constants for PN and A species

Species a b (¢ d e
PN species 392,008 1,00 7,18704 0,34752 0,036808
A species 367,994605 | 1,084989 6,340110 0,037477 0,714217

The new developed correlation has no adjustable parameter in estimating fusion
enthalpy of PN species based on average properties of these sub-fractions. The correlation
is as follows:

Ah!=0.08476MW,T/ (8)

Experimental Procedures. To obtain accurate wax modeling prediction three
laboratory equipment are used. They are gas chromatography, differential scanning
calorimeter (DSC) and pour point tester (PPT). Experiment was obtained at laboratory
and oil fluid sample from West Kazakhstan was analyzed.

The sample was predicted several times by a gas chromatograph, which breaks down
the oil into its individual components. For their calculation the worldwide standard ASTM
D2887 was used. The implementation of gas chromatography was necessary to further
calculate the molar weight of each component using Kay's mixing rule. Consequently,
calculating the fusion properties such as melting temperature and solid state transition
temperature for each component of the Kazakhstani oil.

Kay's rule (1936) is as follows:

0 = Xil176; ©)

As an example of calculation, consider the calculation procedure for field A.
By applying Kay's rule, the molecular weight for the mixture can be calculated using Eq.6:

N
0= Zziei
i=1
MW = IV zMW, = 0,79 + 5,83 + 7,42 + - + 4,11 = 21843 (10)

Knowing the molecular weight, it becomes possible to calculate the fusion properties
using the equations of Won (1986) [1] and Nichita (2001) [2]:

T/ = 374,54 0,02617 * MW, — 2-2 = 374,5 + 0,02617 * 218,43 — — === =
MW ; 218,43
287,86 °K = 14,71 °C (11)

Tf" = 366,39775 + 0,03609M; — 2,08796 x % = 366,39775 + +0,03609 * 218,43 —

L

= 278,69 °K = 5,54 °C (12)

20879,6
218,43
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In addition, DSC which due to heat flux determines the melting temperature and
PPT due to gradual cooling system determines the solid state transition temperature is
important to analyze in a neater way.

Results and discussions. The accurate prediction of paraffin, or wax, deposition
within pipelines is crucial for ensuring efficient and uninterrupted flow. To achieve
this goal, a thorough understanding of the oil's fusion properties, particularly melting
temperature and solid-state transition temperature, is mandatory. These properties dictate
the oil's behavior at varying temperatures and its susceptibility to wax formation. When
the temperature falls below a critical threshold, the waxy components within the oil
begin to solidify and precipitate. This phenomenon, known as wax deposition, presents a
significant challenge in pipeline operations. As these wax crystals accumulate on the pipe's
inner walls, they progressively reduce the available cross-sectional area, hindering fluid
flow and potentially leading to complete blockage. Table I showcases the results obtained
through Differential Scanning Calorimetry (DSC) and Pressure Pour Point (PPT) testing
for field A oil, located in West Kazakhstan. This data provides valuable insights into the
fusion properties of this specific oil, paving the way for a more accurate assessment of
potential wax deposition issues.

Table 1 - Experimental Values obtained using DSC and PPT

.. . Melting temperature Solid-state transition
Sample origin (Field) [°C] e 0]
A +11 +4

The data presented in the table reveals a fascinating phase transition for the fluid in
question. At a temperature of 11°C, the fluid undergoes a transformation from a solid state
to a liquid state. Conversely, the temperature at which the transition from liquid to solid
occurs is a significantly lower 4 °C. This observation signifies a key characteristic of the
oil: it has a relatively low viscosity, as evidenced by its ability to solidify at a temperature
above freezing.

Leveraging the current findings and the known molecular weight of the oil, we can
potentially establish a correlation for field A oil. This correlation would allow us to predict
wax deposition with greater accuracy, a valuable tool in various industrial applications.

Conclusion. In conclusion, this study employed oil samples from Kazakhstan to
gain a comprehensive understanding of their fusion properties, specifically focusing on
melting point and solid-state transition temperature. To achieve this, a meticulous approach
was undertaken. First, it was crucial to obtain detailed data on the oil's compositional
makeup. This critical step was accomplished by utilizing a gas chromatograph, adhering
to the globally recognized standard ASTM D2887. This analytical technique enabled the
identification and quantification of each individual component within the oil. Subsequently,
the molecular weights of these waxy components were meticulously calculated using Kay's
mixing rule. Finally, the melting and solid-state transition temperatures were determined
using specialized equipment such as Differential Scanning Calorimetry (DSC) and Pressure
Pour Point tester (PPT). By meticulously investigating these key parameters, we can
establish a robust predictive model for wax precipitation within the oil. This model will
not only enhance our understanding of the oil's behavior at varying temperatures but also
serve as a valuable tool for various industrial applications. @
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