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MODIFIED ETHYLENE-VINYL ACETATE COPOLYMER
AS A DEPRESSANT OF POUR POINT WAX OIL

Abstract. The ethylene-vinyl acetate copolymer (EVA) was modified by hydrolysis
of acetate groups. The separately hydrolysed copolymer was characterized by Fourier
transform infrared spectroscopy(FTIR). Research was carried out to determination the
influence of modified EVA polar groups on decrease the pour point temperature of oil. The
results showed that EVA greatly decrease the Pour Point Temperature (PPT) of paraffin
oil. In addition, EVA with strong polarity could provide greater electrostatic repulsion
force to wax crystals, which made the wax crystals have more difficulty to connect to-
gether and form a much looser network structure.

Key words: Pour Point Depressant (PPD), ethylene-vinyl acetate copolymer (EVA),
modified copolymer, wax.

Introduction. Nowadays oil and gas industry undergoes significant financial
expenses and technical and technological difficulties due to the current trend of
increasing content of heavy and viscous oil. Those abnormal rheological proper-
ties that are mainly introduced as high viscosity and high temperature of solidifi-
cation correspond to oil from Kazakhstan’s oil fields (deposits of Mangyshlak
Peninsula, Akshabulak and other regions). Almost all types of oil in Kazakhstan
can be classified as waxy, solidifying at positive temperatures, and high viscous
oil. In particular, viscosity of high viscous oil even under normal conditions fluc-
tuates in the range of several hundred, and sometimes thousands of centipoises
[1-3].

Wax deposition are both a down hole and topside problem blocking the flow
of hydrocarbons fluids as they are cooled [4].

Wax deposition is one of the major flow assurance risks and it should be con-
sidered during the transportation of heavy, waxy and high viscous crude oil. Flow
assurance risks including wax deposition and wax gelation become a bigger
concern for oil transportation sector [5].

Therefore, an important issue is to synthesize or modify polymeric depres-
sants that will provide the improvement of rheological characteristics of waxy and
high viscous oil that present in Kazakhstan’s oil fields. The key role played by
this additive is co-crystallizing with the paraffin existent in oil, promoting the
highest possible disarrangement of wax crystallization process [6].

In this study, ethylene—vinyl acetate copolymer (EVA) was modified by
alkali-catalyzed alcoholysis and investigated the properties of the resulted
copolymer into pour point depressant of crude oil.
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EXPERIMENTAL PART
Materials and methods

Characteristic of initial reagents. Poly (ethylene-co-vinyl acetate) with the
content of vinyl acetate monomeric unit of 25 wt.% and exhibiting melt flow
indices of 19 g/min produced by "Sigma-Aldrich Chemicals GmbH" was used
without further purification.

Methanol produced from "Sigma-Aldrich Chemicals GmbH" was used
without further purification.

Sodium hydroxide from "Sigma-Aldrich Chemicals GmbH" was used
without further purification.

Toluene was used as an organic solvent for the reaction of hydrolysis. The
purification of toluene was performed according to standard procedures. The
density is 0.865 g/mL at 25°C and boiling point is 110-111°C. The vapor point is
equal to 26 mm Hg (25°C).

Depressant additive DMN-2005 of company "DEPRAN" (Russia) was used
without further purification.

Procedure of modification of ethylene-co-vinyl acetate polymers with
base. In a three-necked round bottom flask fitted with a reflux condenser (Dean-
Stark apparatus), a thermometer, a magnetic stirrer, 2.0 g of EVA copolymer
(containing vinyl acetate groups 25% wt.) was dissolved in 30 ml of toluene.
After that, 1 mL of 2% solution of sodium hydroxide in methanol was added to
the solution of the copolymer. Partial hydrolysis reaction proceeds according to
the following scheme [6]:

B 7 T=80°C
NaOH
——CH;—CH;——CH;—CH —_—
| CH,OH
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The reaction was refluxed at 80°C during predetermined period equal to 30
minutes. Sodium hydroxide solution was neutralized with alcoholic solution of
hydrochloric acid. Then, inorganic layer was eliminated, the polymer (organic)
layer was reprecipitated into methanol, filtered and dried in vacuum at 50°C until
constant weight. Under these conditions the modified EVA copolymer obtained
hydrolysis degree of 5 mol. % (related to acetate moietites).

Determination of thePour Point of wax oil. The methodology used for the
assessment of the oil pour points was based on an adaptation of the ASTM
Method 5853. The cooling bath was equipped with two thermostats: LAUDA
RE-415 that maintains the temperature of 0°C, LAUDA RE-210 that maintains the
temperature of -17°C.

RESULTS AND DISCUSSION

Modification of ethylene-co-vinyl acetate copolymers with bases.
Modification of ethylene-co-vinyl acetate copolymers with sodium hydroxide
solution was carried out in the conformity with standard procedures of partial
hydrolysis. The results of the reaction can be detected through the application of
different methods of examination. The degree of hydrolysis and the yield of the
modification reaction were investigated by means of FTIR-spectroscopy of obtai-
ned products. Below the spectrums of initial agents and products are described.

Figure 1 shows the FTIR spectrum of EVA copolymer. Characteristic ab-
sorption bands of the copolymer EVA are in:

— 1735 cm™, corresponding to the absorption of the stretching vibrations of
C = O carbonyl group in esters;

— 2915 and 2847 cm™, relating to the absorption of the stretching vibrations
of CH; groups and -CHs;-CHy-ester groups.

Figure 2 represents the FTIR spectrum of partially hydrolyzed ethylene-vinyl
acetate copolymer (degree of hydrolysis - 5%). There are a reduction of band
intensity in the range of 1735-1738 cm™ - stretching vibrations of the carbonyl
group -C=0 in esters and an appearance in the spectrum of the hydrolyzed EVA
of a wide absorption band of 3236 cm™, corresponded to the stretching vibrations
of the -OH group.

Moreover, a reduction of the intensity of the absorption bands in the 2915
and 2847 cm™, related to the absorption of the stretching vibrations of CHs- groups
and -CH3-CH2-ester groups, and a strong reduction in the intensity of the ab-
sorption band of 1236 cm™ in the spectrum of the initial EVA, corresponded to
absorption band of fluctuations with regard C-O group in acetate are observed.

Above-mentioned absorption band is absent in the spectrum of the com-
pletely hydrolyzed EVA that is presented on Figure 3.3 and it indicates a com-
plete hydrolysis of ethylene-co-vinyl acetate. On the evidence of this: there is the
almost a complete reduction in the intensity of the absorption bands observed in
2915 and 2847 cm™ relating to the absorption of the stretching vibrations of -CHs
groups and -CH3-CH2-ether groups. In addition, there is an almost a complete
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Figure 1 — FTIR spectrum of EVA copolymer
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Figure 2 — FTIR spectrum of partially hydrolyzed EVA copolymer
(hydrolysis degree — 5%)
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Figure 3 — FTIR spectrum of completely hydrolyzed EVA
absence of bands in the 1735-1738 cm™ - stretching vibrations of the carbonyl

group C = O in esters, the presence of a broad absorption band of 3236 cm™
corresponding to the stretching vibrations of -OH groups [7].

Table 1 — General physical, chemical and rheological characteristics of oils of oil fields
in the South Turgay basin [8]

i d,2°, | WAT | Wax, | Asphalt., | Resins, Fraction, %
Neo Crudeoil 3| .
kg/m C % % % 200 °C | 300 °C | 350 °C

1 | Kumkol' 8104 | 12 | 144 0,1 76 29 49 59
2 | Akshabulak | 829,7 | 21 | 14,3 0,6 8,6 29 48 58
3 | Konys 8744 | 24 | 16,5 2,0 7,1 15 33 47
4 | Bektas 8257 | 21 | 194 1,2 9,6 29 48 58
5 | Aschysay 8782 | 21 | 201 1,3 9,2 20 39 51

Effect on wax appearance temperature of waxy crude oils. The pour point
depressant that was injected into oil disperse system modifies formed crystals of
paraffin and regulates the structure of oil dispersion by means of increasing its
aggregative stability. Therefore, a certain pour point corresponds to determined
oil type with certain injected depressant additive. According to the results of
experimental tests on determination of wax appearance temperature, conclusions
on the influence of modified pour point additives have been done.

The key point is the impact of additives on the pour point depression and
cloud point depression for different types of oil and oil mixtures. Compared to the
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original ethylene-vinyl acetate copolymer, the chemical structure of modified
EVA displays more polarity due to the presence of hydroxyl groups, which
promote better disarrangement during wax crystallization process. The lack of
paraffinic chains in the structure of partially hydrolyzed EVA is one of the
reasons of better results achieved by modified EVA copolymers [7].

Table 2 shows wax appearance temperature change of crude oils and oil
mixtures when heat-treated and treated with additives. As it can be seen from the
table, modified additive has high performance and this magnitude is stable for
different types of oil.

Table 2 — Wax appearance temperature of waxy crude oils
in the South Turgay basin after heat and additive treatments

Waxy crude oil Treatment Pour Point, °C
Heat treatment +18
Akshabulak Industrial additive +6
Modified EVA 0
Heat treatment +21
Achysay Industrial additive +15
Modified EVA +9
Heat treatment +24
Konys-Bektas Industria ladditive +12
Modified EVA +6
Heat treatment +12
Kumkol Industrial additive 0
Modified EVA -3

Conclusion. Modified a new ethylene-vinyl acetate copolymer (EVA) with
alcohol in presence of sodium hydroxide.The alcoholized copolymer was cha-
racterized by Fourier transform infrared (FTIR) spectroscopy. The obtained co-
polymer was tested into pour point depressant(PPD) of crude oil of different
crude oils from different oil basin. The results showed that EVA greatly decreases
the Pour Point of crude oil compared to industrial additives and heat treatment.
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Pe3iome
C. C. Koocaberos, O. O. JKybanos, T. Kexcenbex

OTWIEH-BUHUIALIETATTBIH TYPJIEH(IPUITEH COIOJIMMEPIH
TTAPA®UH/I MYHATJIBIH KATY TEMITEPATYPACBHIH
TOMEHJIETYJIE KOJIJAHY

DTHieH XoHe BUHWJIANETATThIH cononumepi (DBA) anerarThlK TONTHIH THAPOIH3I
apKBUTBI TYPACHIIpUA. [IiHapa rUaApONU3aACHICH COoanMep HHPpakpi3bul Pypre Crek-
tpockomusicel (FTIR) apkputel cumatramasl. DBA TypiemipiireH mOsIpibl TOOBIHBIH,
MYHAaMIBIH aKKBIIITHIFBIH JKOFAJITY TEMIIEPaTyPachIHBIH TOMEHJIETYiHEe acepi 3epTTeli.
Hotuexecinne DBA mnapaduHal MyHalablH aKKBILITHIFBIH JKOFAITY TEMIIEPATypachlH
eloyip TeMEHJETEeTiHI aHbIKTanabl. JBA comonmmMepi TypAeHAiIpyAeH KeliH mapadux
KPHCTAJIAPbIH YIKEH 3JICKTPOCTATUKAIBIK TEOUTIC KYIIIMEH KaMTaMachl3 eTejli )KoHE Jie
aJici3 OaiinaHpICKaH apauH KPUCTAN TOPIAPBIHBIH KAIBINTACYbIHA JKaFaai yKacaiibl.

Tyiiin ce3aep: aKKBIUTHIK TEMIEPATYpachlH TOMEHAETY KOCHACHI, ITUIICH >KOHE
BHHMJIAIIETATTHIH TYpIeHaipinreH comonnmepi (3BA), mapadus.

Pe3rome
C. C. Koocaberos, A. A. XKybanos, T. Kexcenbex

MOJIUDHULIMPOBAHHBII COIOJIMMEP STUJIEH-BUHUJIALIETAT
KAK JEHPECCAHT TEMIEPATYPBI HIOTEPH TEKYYECTU
[MAPA®MHNUCTOU HE®TU

MonuduimpoBaH cononumep 3TUICHA M BuHMIIanerara (OBA) myrem ruaposnusa
areTaTHOH TpynmblL.YacTUYHO TI'MAPOJIM30BaHHBIA CONONMMEp HM3y4alnn HH(pakpacHOH
®ypoe cnekrpockonueil (FTIR). McenenoBano BiusiHUEe MOAH(HUIUPOBAHHBIX MOISIPHBIX
rpynn OBA Ha cHIKEHHE TeMIepaTyphl OTepH TeKydecTn HedTH. PesynpraTsl mokasa-
u, 9to DBA 3HauMTENBHO CHIDKAET TemIiepaTypy motepu Tekyuectu (TTIIT) mapadu-
auctoii Hegtu. Comommmep DBA mocie MomupuKammu MOXXKeT 00ECTIeYUTH OOJBIIYIO
ANIEKTPOCTATUYECKYIO CHITY OTTAIKUBAHHS KPUCTAIIOB NapaduHa, U CO3/aeT YCIOBHS /IS
(hopMupoBaHUs Topa3ao 6osee claboCBA3aHHON KPUCTAIMYESCKON CETKU HapapHHOB.

KioueBble ¢cjioBa: jJenpeccaHT temepaTypsl motepu tekydectu (PPD), momudu-
LIMPOBaHHBIN COMOIMMeEp TUIeHa M BuHUIarieTaTa (OBA), mapaduH.
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