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Amidation of Polyethylene-Acrylic Acid Copolymer
as Pour Point Depressants for Waxy Crude Oils

The present work aims to provide amine-modified polyethylene-acrylic acid (PEAA) copolymers as a pour
point depressant (PPD) that will be evaluated for lower pour point of crude oil. For this, PEAA was amidated
with butylamine and octadecylamine in the presence of xylene as a solvent at 150 °C for 10 hours to.obtain
copolymers PEAA/ODA and PEAA/BA. The copolymers were modified by amidation ‘using the carboxyl
groups of an ethylene-acrylic acid copolymer as reaction sites in reactions with RNH,. The resulting copoly-
mers were purified and analyzed by FTIR spectroscopy. The modified PEAA copolymers wereevaluated for
their effectiveness as depressants for crude oils by pour point measurements-at.50 ppm, 100 ppm and
200 ppm and rheological measurements at 100 ppm. The pour point measurements of .the crude oil showed
that octadecylamine-modified PEAA copolymer performed better than butylamine-madified and unmodified
PEAA copolymer. The effectiveness of the modified copolymers compared to unmodified PEAA can be ex-
plained by the polarity of the monoalkylamide groups in the ‘peripheral substituents along the copolymer
backbone, which plays a crucial role in preventing the agglomeration.of wax crystals in crude oil.

Keywords: polyethylene-acrylic acid (PEAA), crude oil, pour paint depressant (PPD), wax crude oil, copol-
ymers, pour point, flow, modification, primary amines.

Introduction

The global petroleum industry is experiencing significant material costs, as well as technical and tech-
nological difficulties, due to the current trend of an increase in the share of heavy and highly waxy crude oil.
According to forecasts this share is already 37-56 %, which is especially typical for crude oils from Kazakh-
stan fields (fields of the Mangyshlak Peninsula, South-Turgai trough, and other regions). In general, the
anomalous properties of crude oils from Kazakhstan fields allow us to class them as solidifying at positive
temperatures, highly waxy and high-viscosity ones. Even under standard conditions the viscosity of crude
oils fluctuates within several hundred and sometimes thousands of centipoises. At low temperatures highly
waxy crude oils show the pronounced non-Newtonian (viscous-plastic, viscoelastic, thixotropic) properties,
without which it is.impassible tororganize rational well operation and crude oil transportation through pipe-
lines. When the pumping-process is stopped, crystalline structures are formed in crude oil, the strength of
which depends on the content of wax fractions, the dormant time of the crude oils, and the conditions for
their formation. From a scientific point of view, the most effective way to regulate the fluidity of crude oil is
chemical action, that is, to achieve a significant change in the structural organization and phase state of crude
oil dispersed systems. Thus, a chemical additive known as PPD is used to reduce the viscosity and pour point
of crude oils [1-5]. These supplements are most recognized for their simplicity and cost effectiveness. When
used in manufacturing processes, these PPDs minimize the problems associated with wax deposition on
manufacturing equipment. Pour point depressants (PPDs) are polymeric compounds consisting of a hydro-
carbon chain that interacts between the additive and wax, as well as a polar part that repels the wax crystals
from each other, preventing the growth of wax crystals [6, 7]. Pour point depressants include poly (ethylene-
vinyl acetate) (PEVA) copolymers, which have good PPD performance for crude oil, an alkyl ester, a copol-
ymer of unsaturated carboxylic acid and olefin, olefin and maleic anhydride [8-11]. Thus, the development
of new PPDs that can solve or minimize such problems is of great interest to the petroleum industry around
the world.

Crude oil from the Akshabulak field (Kazakhstan) with high wax content is characterized by a high
pour point, high viscosity, high gel strength, and a large amount of wax deposits. An increase in the wax con-
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tent of crude oil leads to a deterioration in the solubility of the wax in the crude oil, in some cases with the
formation of a separate solid phase.

Experimental

In the work, the PEAA modification was carried out. The characteristics of PEAA copolymers were in-
vestigated. The molecular weight and polydispersity index were determined. PEAA copolymers were charac-
terized by FTIR spectroscopy. The effectiveness of the modified copolymers as a pour point depressant was
shown. A rheological study of highly wax crude oil from the Akshabulak field was carried out.

Reagents

Poly(ethylene-co-acrylic acid) (acrylic acid 20 %, t=99-101 °C, density = 0.96), octadecylamine,
butylamine, o-xylene, THF, toluenesulfonic acid from Sigma-Aldrich.

Amidation of poly(ethylene-co-acrylic acid)

Modification of the poly(ethylene-co-acrylic acid) copolymer with butylamine (mass ratio. PEAA-BA
was 1-0.4), octadecylamine (mass ratio PEAA-ODA was 1-1.5) was carried out according to the general
procedure (Figure 1). A two-necked flask equipped with a Dean-Stark head with a reflux. condenser, stirrer
and thermometer was loaded with an poly(ethylene-co-acrylic acid) copolymer,~a primary amine and
0-xylene. The mixture was heated to a temperature of 150 °C and toluenesulfonic acid-dissolved in 0-xylene
(1 % wt based on total mass of reactants) was added. Then the reaction mixture was continuously stirred un-
til the evolution of reaction water ceased, namely for 10 hours. The resulting mixture was cooled, washed
with methanol and dried in a vacuum oven to remove residual solvent.

R = CygH3; (octadecylamine) or C4Hyg (butylamine)

Figure 1. Structure of modified copolymers

Instrumental methods of analysis

The structure of the modified copolymers was analyzed using FTIR spectroscopy. The FTIR spectra of
the copolymer samples were recorded on a Nicolet 5700 FTIR spectrometer in the range of 400—4000 cm ™.

The depression efficiency: of thewsynthesized copolymers was evaluated for crude oil from the
Akshabulak field. The pour point was determined following ASTM D 5853.

Rheological measurements were carried out using a RheoLab QC rheometer (Anton Paar, Austria) with
Rheoplus 3.0 software equipped with a thermostated cooling system with a temperature control.

The chromatogram of crude oil from the Akshabulak field is presented in Figure 2. The analysis of the
wax fraction was conducted in the form of a solution in carbon disulfide using a simulation program for the
distillation of hydrocarbons on a PerkinElmer AutoSystemXL chromatograph (USA). The components of the
waxy fraction were identified by chromatography using reference hydrocarbons.

The Gel'Permeation Chromatography (GPC) method was used to determine the molecular weight and
polydispersity index of the obtained copolymers. The measurements were carried out on an Agress 1100 in-
strument with Elitapex software. In measurements, tetrahydrofuran was used as a mobile phase at a flow rate
of 0.7 ml/min, and polystyrene of various molecular weights was used as a standard.

Results and Discussion

Physical and Chemical Characteristics of Akshabulak Crude QOil

The rheological properties of crude oil depend on the physical and chemical characteristics of the crude
oil (Table 1). Several factors affect the fluidity of a crude oil, including temperature, wax, asphaltene and tar
content in the crude oil. Crude oil from the Akshabulak field is wax and low in resins and asphaltenes. The
low tar content and the high wax content determine the high pour point values of this crude oil.

The main role in determining the pour point of crude oil is played by hard waxes C,, and above. For
crude oil from the Akshabulak field, the molecular weight distribution of n-alkanes was determined using
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gas chromatography (Fig. 2). The presented data show that the bulk of n-alkanes in crude oil are Cy;—Ca4
waxes. In turn, among this group, the largest percentage is accounted for by C,,—Cso waxes, and the smallest
one — by C3;—Cys. Waxes of the C,—Cs4 group melt in the temperature range of 3670 °C.
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Figure 2. Chromatogram of the distribution of n-alkanes in Akshabulak crudeoil

Table 1
Physical and chemical characteristics of Akshabulak crude oil
No. Determined characteristics Example Test method
1 |Density at 20°C, kg/m° 813.3 ASTM D 1298
2 |Water content, % 0.1 ASTM D 95
3 |Concentration of chloride salts, mg/dm?® 20 ASTM D 3230
4 |Pour point, °C +19 ASTMD 97
’ +9 ASTM D 5853
5 |Mass fraction of wax, % 14.3 ASTM 3235-06
6 |Mass fraction of silica gel resins, % 8.6 ASTM D 6560-00
7 |Mass fraction of asphaltenes;, % 0.6 ASTM D 6560-00
8 |Kinematic viscosity at 40°C, mm®/s 4.2 ASTM D 445-96

Characterization of the copolymers

The structure of the copolymers was analyzed using FTIR spectrometry in the range of 4004000 cm™.

FTIR spectra of a copolymer of ethylene and acrylic acid are shown in Figure 3, where vibration bands
are observed for v, methylene group in the region of 2918.5 cm™ and v, vibrations of methylene group in the
region of 2849.9 cm™.

A wide band.in the range of 3400-2800 cm™ is due to amino groups’ v vibrations in primary amides.
The characteristic fluctuations in the 1703 cm™ range refer to the vs vibrations of acrylic acid carbonyl
group. After modifications the peak at 1703 cm™ disappears, which indicates the conversion of carboxylic
group’ of acrylic acid into amide. 3-vibrations of methyl and methylene group appear in the region of
1463.9 cm™ for aliphatic groups. The absorption at about 1409.7 cm™ is partly attributed to the hydroxy
group of the COOH fragment [12]. The presented data indicate the presence of the main functional groups in
the structure of the copolymers shown in the diagram (Fig. 1).

In Figure 3, all FTIR spectra of poly (ethylene-co-acrylic acid) copolymers modified with amines con-
tain v, of methyl and methylene groups in the region of 2918-2920 cm™, as well as vs of methyl and meth-
ylene group in the region of 2850 cm . Stretching vibrations of the carbonyl group in the amide and imide
rings are in the range of 1640-1645 cm™. §-vibrations of methyl and methylene group for aliphatic groups
are presented in all spectra in the range of 14501460 cm™. § vibrations of the hydroxy group of acrylic acid
are presented in the region of 940 cm™ and practically completely disappears after modifications with
amines [12].
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Figure 3. FTIR spectrum of the synthesized copolymers PEAA, PEAA/BA, PEAA/ODA

The Results of Measuring the Molecular Weight of the Copolymers

The measurement results showed that the molecular weight of PEAA (Mw is 2.21x10° g/mol) is lower
than the molecular weight of PEAA modified with butylamine (Mw is 2.49x10° g/mol) and the molecular
weight of PEAA modified with butylamine is lower than the molecular weight of PEAA modified with
octadecylamine (Mw is 3.83x10°g/mol). The polydispersity index (Mw/Mn) ranges from 1.211 to 1.287
(Table 2). Comparing and analyzing the molecular weight and polydispersity index of the synthesized and
modified copolymers improving the pour point of crude oil in various studies in similar directions, it was
found that the molecular weight and polydispersity index of the modified copolymers were within the regu-
lated norms. Therefore, it is possible to use modified copolymers as potential PPDs.
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Table 2
Molecular weight of PEAA copolymers
Sample My, g/mol Mn, g/mol Mw/ Mn
Poly(ethylene-co-acrylic acid) 221.315 182.754 1.211
Poly(ethylene-co-acrylic acid)/butylamine 249.412 199.051 1.253
Poly(ethylene-co-acrylic acid)/octadecylamine 383.124 297.687 1.287

Pour Point and Rheological Measurements

From the obtained data, we can observe that the PEAA copolymer modified with octadecylamine shows
the best efficiency at lowering the pour point of crude oil to —3 °C at an additive concentration in crude oil of
100 ppm. Increasing or decreasing concentration of an additive, the pour point of the crude oil is 0 °C. The
same trend is observed for PEAA copolymer, where the pour point of crude oil at 100 ppm is0.°C, and with
decreasing or increasing pour point concentration, it increases to 3 °C and PEAA copolymer modified with
butylamine, where the pour point of crude oil at 100 ppm is 3 °C, and with a decrease or‘increase in the con-
centration of pour point, it increases to 6 °C. Therefore, the most effective dosage for PEAA-based additives
for Akshabulak crude oil is 100 ppm and when dosage changes, the achieved effectiveness deteriorates.

A 12 °C decrease in pour point of crude oil (from 9 °C to —3 °C) of modified PEAA copolymer, com-
pared to unmodified PEAA copolymer by 6 °C (from 9 °C to 3 °C) indicates that PEAA grafts have the abil-
ity to disperse wax crystals and reduce their nucleation (Table 3). According to the obtained data, the deposi-
tion and coagulation of wax crystals decrease with an increase in the length.of the side group of the modified
PEAA copolymers, which, in turn, shows the effect of the length of the pendant groups on the effectiveness
of the depressant additive.

Table 3
Pour point of crude oil with the addition of PEAA copolymers and blank crude oil
Pour point temperature, °C o
Sample 50ppm. | 100ppm | 200 ppm AT, °C

Crude oil blank 45 °C +18 -
Crude oil blank 60 °C +9 —
Crude oil with PEAA 6 3 6 6
Crude oil with PEAA/BA 3 0 3 9
Crude oil with PEAA/ODA 0 -3 0 12

The rheological properties.of crude oil from the Akshabulak field were measured with and without the
addition of PEAA copolymers at a concentration of 100 ppm. The PEAA copolymer and modified PEAA
copolymers having. octadecylamine and butylamine side chains show an improvement in the rheology curve

(Fig. 4).
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Figure 4. Curve of the dependence of the dynamic viscosity of Akshabulak crude oil on temperature

with a heat treatment at 45 °C* and 60°C? without PPD, and heat treatment at 60 °C
with dosage of 100 ppm depressants: PEAA®, PEAA-BA?, PEAA-ODA®
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The addition of unmodified PEAA copolymer to crude oil is less effective than modified PEAA. The
most effective additive for rheological measurements and for measuring the pour point of crude oil is PEAA
copolymer modified with octadecylamine. The rheological data also show the dependence of the rheological
curve on the heat treatment temperature. Crude oil heat treated at 60 °C performs better than crude oil heat
treated at 45 °C.

The effectiveness of modified copolymers compared to unmodified PEAA can be explained by the po-
larity of nitrogen in the amide group along the copolymer chain, which plays a role in preventing the ag-
glomeration of wax crystals in crude oil.

Conclusions

Modification of the PEAA copolymer was carried out using primary amines, namely long-chain
octadecylamine and short-chain butylamine. The most effective concentration for copolymers based on
PEAA as a pour point depressant for Akshabulak crude oil is 100 ppm. Octadecylamine-modified PEAA
copolymer shows the best performance as Pout Point Depressant for Akshabulak crude oil. Rheological
measurements demonstrate that the viscosity properties of the treated crude oil depend on the structure of the
modified PEAA copolymers. The longer the pendant group is, the higher the effectiveness of the pour point
depressants is.

The rheological properties and pour point of crude oil were found to decrease with the addition of modi-
fied PEAA even at low concentrations (50 ppm).
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MoamdTHIEH AKPUJI KbIIIKBLJIBIHBIH CONOJIMMepPiH napadunii
HIMKI MYHalJIapFa IenpeccaHT peTinae KOJJIaHy YIIiH aMUJalusA/Iay

Ochbl KYMBIC JETIPECCOpNBIK KOCla peTiHAe MaiijanaHy VIIiH MoAM(GHKAIMIaHFAaH aMUHICPMEH
HOJIMATHIICH-aKpHT  KbIIKBUIBIHBIH (PEAA) comonumepriepin anyFa >KoHE OJapibl IIHKI MYHa#IbIH
AKKBIITHIFBIHBIH KOFAly TEMIIEpaTypachlH JKaKcapTy YiuiH Oaranayra OarpitTanran. On yuiin PEAA/ODA
sxoHe PEAA/BA cononmumepriepin any ymin 150°C temmeparypana 10 carat Goiibl epiTKill peTiHIe KCHIOIN
KaTeicybiMeH PEAA OyTumaMHHMEH KoHe OKTamecwiamMuHMeH amuaupiergi. Comommmeprnep RNH,
peaKIIsIIapblHAa PEaknusl OPTaIBIKTAphl PETiHAE ATHJICH MEH aKpHJI KBIIIKBUIBI CONMOJIHMMEpiHIH KapOoH
KBIIIKBUIBIHEIH TONTApBIH KOJNJAaHAa OTHIPHIN, aMUAMPIEY apKbUIbl Moaudukanusianasl. Momudukanusma
Heri3 perinne naipamanbuiateldi PEAA  comommmepi 20 Monb akpuia KHIIIKBUIBIHA He. AJBIHFaH
conommmepiep FTIR-cnekrpockomust omiciMeH Ta3apThUIbIN, TanmgaHasl. Momudpukanusiaanran PEAA
cononumepiepi S0 ppm, 100 ppm >xone 200 ppm KOHLIEHTpAlMsUIAphl Ke3iHAe aKKBIITHIKTHIH JKOFaly
TeMIIepaTypachIH enley, coHnai-ak 100 ppm KOHIEHTPAIMsCH )KaFJallbIHIa PEOIOTHSIIBIK, ONIIEY apKbLIbI
IIMKI MyHaiffa apHaJFaH IENpecCOpibIK KOCIaniap peTiHAe ONaplblH THIMIUIN ymiH OaramaHmpl. ki
MYHal/blH ~ aKKBIIITBIFBIHBIH KOFAly —TEMIIEpaTypachlH eJlley HOTIDKENIepl  OKTajeluIaMUHMEH
Mo (pUKasIIaHFaH PEAA COTIOJIMMEPiHIH MOIU(pHUKATUIIAHFAaH OyTHIaMUHTe SKOHE
monudukamsmanbaran  PEAA  comonmMepiHe KapaFaHga THIMAUINT  JKOFapbl - ©KEHIH | KOpCETTi.
Momudukanusmanbaran PEAA-MeH calbICTBIpFaHia MOTU(PHKANVIIAHFAH COTOJIAMEPIICPIIH THIMILTITIH
MIMKI MyHainarsl mapaduH KPUCTAJIIaphIHBIH arJioMepanyschlH OoiabIpMayAa- MaHBI3Abl PN aTKapaThIH
cononuMep Ti30eri G0MbIHAAFbl aMUATEP TOOBIHAAFEI A30TTHIH MONSPIBIFBIMEH TYCIHAIPYTe 60Taabl.

Kinm ce30ep: mnonudTiiaeH-akpun Koimikplibl (PEAA), mmki MmyHait, ‘renpeccopisik kocnamap (PPD),
napaduHIIK MyHal, COOIMMEpIIep, KaTy TeMIepaTypachl, aKKbIIITHIK, MOTU(PUKAII, OacTarKbl aMHHICP.

A.A. Xyb6anos, B.I'. bonganeros, C.C. Koxaoekos, A.3. ['anbivikan

AMHIMPOBAHHE CONOJIMMEPA MOJMITHICH-AKPUJIOBOH KHCJIOTHI
JJIS MCIIOJIb30BAHUSA B Ka4eCTBe AelPecCOPHbIX NMPUCAT0K
IJIS CHIPBIX Mapa(pUHHUCTBIX HedTel

Hacrosimias paGora HampaBiieHa Ha TQJYYCHHE COMOJMMEPOB MOJUITHICH-aKpuiioBoil kuciotsl (PEAA),
MOANGHIMPOBAHHBIX aMUHAMHM, AT NPAMEHEHHsS B KauecTBE JEMPECCOPHBIX NMPUCAIOK M OLEHKY HX Ha
MpeAMeT YIy4lIeHUs] TeMIepaTypsl TOTepH TekydecTr ceipoii HedTu. s storo PEAA amunuposanu Oytu-
JIAMHHOM U OKTaJICIMJIAMHHOM B HPHCYTCIBUH KCIIIONA B KadecTBe pactBoputens npu 150 °C B teuenue 10
4acoB ¢ noxydenueM comnoaumepoB PEAA/ODA u PEAA/BA. Comonmmeps! O5UTH MOAMGHIUPOBAHEI Ty TEM
aMHANPOBAHMS C UCTIOIH30BaHUEM IPYII KapOOHOBOH KHCIOTHI CONOJIMMEPA STHIEHA U aKPHUIIOBOH KUCIIOTHI
B KaueCTBE PEaKIMOHHAIX HEHTPOB B peakuusax ¢ RNH,. IlonyuenHsle cononumepsl OUMIAIN U aHATU3UPO-
Banu MerogoM FTIR-cnekrpockonuu. Monudurmposanubie cononrumMepsl PEAA ObuTn OlIGHEHBI HA TPEAMET
1X 3((GEKTHBHOCTH B KAYeCTBE AEMPECCOPHBIX MPHCAJOK I8 ChIpoi HE(TH MOCPENCTBOM M3MEPEHUH TeM-
nepaTypsl MOTEpU TeKy4decTH mpu KoHueHTpauusx 50 ppm, 100 ppm u 200 ppm, a Taxke peoIOrHIecKux
u3MepeHnii pu KoHHeHtparuy 100 ppm. Pe3ynsraTel u3mMepeHHs: TeMIEpaTypsl MOTEPH TEKY4eCTH CHIPOH
HedTH moKazany, 9To 60MIbIIyI0 3P (EeKTHBHOCTS MOKa3bBaeT comonuMep PEAA, MonudunnpoBaHHbIil OK-
TaJACIIAMHHOM, YeM MOIU(PHUIUPOBAHHBIN OyTHIAMHHOM W HEe MOAMGUIMPOBaHHEIA comoiuMep PEAA.
B¢ ek THBHOCTE MOIH(DUIIMPOBAHHBIX COIOIMMEPOB 10 CPaBHEHUIO ¢ HeMoanuuupoBanHsIM PEAA Mox-
HO OOBSCHHUTH TIOJSIPHOCTBIO a30Ta B aMUJHOM TpyIIe BIOJIb LENH CONONMMEpa, KOTOpask UTPaeT poib B
HPEIOTBPAIICHNH arJioMepaniy KpUCTAJUIOB apadiHa B CHIPOi HedTH.

Karouesvie crosa: moavITUIICH-aKpUIIOBas KUCIOTA, Chipas He(Th, AeNpeccopHas mpucajka, napaduHoBas
HEe(Th, COmoIMMepHI, TEMIIEpaTypa 3aCThIBaHMS, TEKy4eCTh, MOAU(UKALINS, HEPBUYHbIC AMUHBI.
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