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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Zh. Kassenova“, S. Kozhabekov, A. Zhubanov, A. Galymzhan

Kazakh-British Technical University, Almaty, Kazakhstan.
E-mail: zhanar.kassenova@gmail.com

SYNTHESIS AND CHARACTERIZATION OF COMB-LIKE ALKYL
FUMARATE - OCTADECEN-1 COPOLYMERS

Abstract. Handling oils and petroleum products with high content of paraffins and
asphaltenes might cause problems especially when ambient temperature is lower than
the pour point. Polymers with comb-like structures such as polyalkyl fumarates with
long chain pending groups are considered to have pour point depressing properties.
However, alkyl fumarates with long straight side groups are difficult to homopolymerize.
Therefore, alkyl fumarates are usually undergo through copolymerization with other
comonomers. The literature review revealed that the studies on the synthesis of the
fumarate copolymers are limited. The current study focused on synthesis of alkyl
fumarate copolymers with octadecen-1 through solution polymerization. Alkyl fumarates
were obtained through esterification reaction between fumaric acid and fatty saturated
alcohols. The structures of the synthesized alkyl fumarates and copolymers were
confirmed using Fourier-transform infrared (FTIR) and Nuclear magnetic resonance
(NMR) spectroscopy methods. The intrinsic viscosity of the copolymers was measured
using capillary viscometer and the Huggins’ method. The melting points of the products
was also determined. The characterization of the synthesized alkyl fumarates and their
copolymers with the a-olefin confirmed their expected structures and properties. The
study helps to find optimal parameters to synthesize copolymers that have comb-like
structure with long side groups and might be used as pour point depressants for heavy
oils.

Key words: comb-like polymers, alkyl fumarate copolymers, solution polymerization,
pour point depressants, wax inhibitors, intrinsic viscosity.
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7K. Kacenona®, C. Ko:ka6exos, O. JKy6anos, A. Fanbivokan

Kazakcran-bpuran TexHUKanbIK yHUBEpcHTET1, Anmarel, KazakcTaH.
E-mail: zhanar.kassenova@gmail.com

AJIKNJI ®YMAPATTAP MEH OKTAJAEHEH-1-HIH COITOJIUMEPJEPIH
CHUHTE3IEY KOHE 3EPTTEY

Annoranus. Kypambinia napagunaepi MeH acdanbreH iepi Kor MyHal )koHe MyHait
OHIMJICPIH TachIMaJiJjay KE31HJE Maceseliep TYbIHJIaybl MYMKIiH, acipece KopIiaraH
OpPTaHBIH TOMEH TeMIlepaTypachlHaa Oyl karmaimap >kuinen keremi. OchiHIan
MocelielNe/li MenyiH Oip JKOJIbI — Ky HYKTECIH TOMEHJIETETIH JCTPECCOPIIbIK KOCTa
KoJZiany. ¥ 3bIH OYHipitik Tiz0ekTepi Oap monuankui pymaparrapra yKkcac Tapak Tapisi
MoJIMMeEpJIep JIenpeccopiap peTiHle KoJnaHy MYMKiHAiriHe ue. Bipak Ty3y y3biH
OyHipiik TapMakTapsl Oap ajakui (pymMapartap/blH FOMOIIOJUMEPU3aINs PEaKIHIChIHA
Tycyl KublHFa corajbl. COHABIKTAH KeOiHece MyHJal ankui (ymaparrapisl Oacka
MOHOMEPJICPMEH COTIOJIUMMEPIICHYTE YIIBIPATKbI3abl. OJCONUCTTEPAl IOy allKUII
(dbyMaparThl COMOJMMEPJCP/IH CHHTE31 CallachlHIAFbl IICKTEYNi 3epTTeYJepPIiH
O0ap ekeHiH kepcerTi. byyn makanma ankun (ymaparTel OKTajaeleH-1-MeH epiTiHji
KYHIHJIE CONONMMEpiey peaklMsChbIHA KOHE aJIbIHATBIH OHIMIEPIH KAacHeTTEpiH
3eprreyre OarbITTanFaH. AKWI Gymaparrap GyMap KbIIIKbUIBIHBIH MaiiIbl KAHBIKKaH
OIpIHIIUTIK CIIUPTTEPMEH dTEPUPHUKAIIUS PEAKIUACH apKbUTBI albiHIbl. CHHTE3/ICTeH
ankui (ymaparrap MEH OJIapJbIH COMOIUMEpPIEPiHIH KYpbUIbIMAAPE WHPPAKHI3bLI
(MK) ®ypwpe CHEKTPOCKOMMICH >KOHE SAPOJBIK MarHUTTIK-pe30HaHCTHIK (SIMP)
CTIEKTPOCKOIUSCH  apKbUIbl pacTanbl. ConoiauMepiepaiH MEHIIKTI TYTKBIPIBIFbI
KanWUBSIPIBIK  BUCKO3UMETPMEH OJIIEeHIN, XarrmHe oNiCiMeH TpaduK TYPFBIZY
apKbUTBI aHBIKTANIbl. COHBIMEH Karap, ajlbIHFaH OHIMJEP/IiH 0allKy TeMIeparypaiapsl
anpIkTanApl.  CuHTE3JenTeH ankuia ¢ymapartap MeEH OJapiblH  o-oneuHMeH
COTIOJIUMEPJICPIH 3€PTTEY KYTUITeH KYPhUIBIMIAP MEH KaCUETTep Il pacTajibl. AJIbIHFaH
COTIOJIMMEPIIEePIiH 0anKy TeMmIeparypachl MEH MEHIIIKTI TYTKBIPJIBIFbI apachIHarbl
KOPPEJISIUS aHBIKTAJIbL. ByJT 5KyMBIC aybIp Maiiyiap MEH JKOFaphl KYIO TEMIIepaTypachl
Oap MyHail eHimjepl YIIiH JCMPECCOPINIBIK KOCHa PETiHJAC NaijaiaHyra OoJjaThIH
y3bIH OYHipaik Ti30ekrepi 0ap TapakThl COMOJIMMEPJEPIIH CHUHTE3IHIH OHTAMIbI
napamMeTpliepiH aHbIKTayFa KOMEKTECE/I].

Tyiiin ce3mep: Tapak Topi3ai moimMmepsep, alkui (yMapaTThiH COMOIUMEpIIEpi,
epTiHAIIer] TOoIMMEepHU3aIs, JCIPECCOPIbIK KOCMa, mnapaguHIep HHTHOUTOPIIAPHI,
MEHIIIKT1 TYTKBIPJIBIK,
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CHUHTE3 U UCCJIEJOBAHUE N'PEBHEOBPA3HBIX COITIOJIMMEPOB
AJIKNJI ®YMAPATOB C OKTAAEHHEHOM-1

AnHoTamusa. OfHa U3 YacTBIX MPOOJEeM, BO3HUKAIOMIMX TMPH TPAHCIIOPTHPOBKE
HepTH ¥ HeDTENPOAYKTOB MpPU HU3KUX TeMIleparypax OKpYyKarolleH Cpesbl,
00yCIIOBJICHa BBINIAJICHUEM KpPUCTAJUIOB MapadUHOBBIX YIJIEBOIOPOAOB, KOTOPEIE,
CIIMTIASICH B KPYITHBIE YACTHIIBI, CO3/IAI0T MPOCTPAHCTBEHHYIO CTPYKTYPHYIO CETKY B
toruBe. lIprMeHeHHe AenpeccOpHBIX MPUCAAOK TO3BOJIAET CHU3UTH TEMIIEPATypy
3acteiBanug HeQTH. [lomumeps! ¢ rpeOHEOOpa3HON CTPYKTYpOoW, Kak B ciydae ¢
MOJHANKUI (hymMapaTtaMu C JUIMHHBIMHA OOKOBBIMHU 3BEHBSIMHM, UMEIOT MOTEHIHAIT IS
NPUMEHEHUSI UX B KauecTBE JCMPECCOPHBIX Mpucagok. OmaHako ankuia (ymaparsl ¢
NPSIMBIMHU JUTMHHBIMHA OTBETBJICHUSMHU CJIOKHO TOJBEPraroTCsi TOMOIIOIUMEPH3ALINH.
[TosToMy wamie Bcero Takwe ankuil (ymapaTbl MOABEPraroT CONOJIMMEPHU3AIHH C
JIpyTUMHU MOHOMepaMmu. JInTepaTypHblil 0030p MOKa3aj OrpaHUYeHHbIe UCCIIETI0BaHMS B
00JIacTH CHHTE3a COMOIMMEPOB aNKMI (hyMapaToB. JJaHHOE HCCIlIeI0BaHNUE HAIIPABIEHO
Ha CUHTE3 aJKWI (hyMapaToB € OKTaJeIeH- 1 -0M cr1oco00OM MOIIMMEPHU3aIK B PACTBOPE.
Ankun gymaparsl ObLTH MOTYYEHBI peakuuei strepudukanun GyMapoBoil KHCIOTHI ¢
JKUPHBIMH HACHIIIEHHBIMH TIEPBUYHBIMU criupTaMi. CTPYKTYpBl CHHTE3UPOBaHHBIX
aNKuiI pyMapaToB v UX COMOIMMEPOB OBbLIIH MOATBEPKACHBI C ITOMOIIBI0 HH(Pa KpacHOM
(MK) ®ypbe CHeKTpoCKONMHM M CIIEKTPOCKOMHEH sIepHO-MarHUTHOTO pe30HaHca
(SJIMP). Xapakrepuctuueckasi BI3KOCTh COTIOJIMMEPOB ObLIa M3MEpPEHA KaAMUJUIIPHBIM
BHCKO3MMETPOM M OTpe/ielieHa MeTofoM XarruHca. Kpome Toro, ObLIM M3MEPEHBI
TeMIepaTyphl MJIaBIEHUS MOTyUYeHHBIX MPOAYKTOB. VccnenoBanne CHHTE3MPOBAHHBIX
ankua (GymMaparoB W HMX COIMOIMMEPOB C 0-OJNC(UHOM TOATBEPAMIN OXHIACMbIC
CTPYKTYpHl U CBOWCTBa. BBIsSBIEHAa KOPPENALUS MEXIy TeMIepaTypaMy TUIaBICHHUS
U XapaKTepUCTHYECKHMHU BSA3KOCTSIMM IIOJNyUYEHHBIX comoiaumepoB. [lannas pabota
MIOMOYKET TPH OIpPEIECIIEHUH ONTUMAJIBHBIX MapaMeTpoB AJIsi CHHTE3a COMOJIMMEpOB
¢ rpeOHeoOpa3sHON CTPYKTYpOH C JIMHHBIMH OOKOBBIMH 3BEHBSMH, KOTOPbIE MOTYT
OBITh TIPUMEHEHBl B Ka4deCTBE JEMPECCOPHBIX MPHUCANOK Ui TSKEIbIX HedTell u
HETENPOIYKTOB C BBICOKMMH TEMIIepaTypaMuy 3aCThIBAHUSI.

KuroueBbie ciioBa: rpeOHe0Opa3HbIe MMOIUMEPHI, COTOIMMEPHI alKui (ymapara,
MOJIMMEPU3alUsl B PACTBOPE, JCMPECCOPHBIC MPUCAIKH, HHIMOUTOPHI NapaprHOBBIX
OTJIOKEHUH, XapaKTepuCTHUECKask BA3KOCTb.

Introduction. Due to depletion of light crude oils worldwide nowadays there is a
tendency to produce and refine heavy oils with high content of paraffins and asphaltenes.
During production, transportation, and storage of heavy oils, problems arise because
of high viscosity and solid wax deposits that appear when operational temperature is
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below the pour point. Wax deposits usually consist of paraffins, asphaltenes and resins.
They might lead to flow pressure drop and full or partial blockage of pipelines. The
problem worsens especially during temporary shut downs when temperature and
paraffins solubility decreases and gel forms. One of the methods to prevent wax deposits
is to apply special chemical agents that decrease fluid viscosity and modify crystal
growth. These chemicals are called pour point depressants (PPDs), flow improvers or
wax inhibitors. They insert themselves inside crystal structures and change the growth
dynamics, shapes, and surface properties. These agents modify crystal growth patterns
by cocrystallization resulting in lowering pour point temperature and viscosity. Upon
addition of the wax crystal modifiers to oil the crystals growth stops earlier and their
surface shape becomes intrinsic. This shape in turn hinders intergrowth and interlock
of crystals. However, there is no general universal form of a crystal modifier since its
composition is specific to a crude oil type. Cocrystallization that helps widen operational
temperature range occurs between normal alkanes in oil and long straight alkyl side
chains of polymers used as flow improver (El-Dalatony et al., 2019:968).

In general, two types of copolymers have found application as chemical agents
that improve flowability of crude oil. They are polymers with crystalline/amorphous
diblock structure and comb-type polymers that are usually synthesised from esterified
dicarboxylic unsaturated acids with another co-monomer. The latter type has significant
advantage since they include both polar (carboxylic group) and non-polar parts (long
alkyl groups). This would help to affect both compounds that contributes low flowing
ability: paraffins being non-polar and asphaltenes that are considered polar (Jang et
al., 2007:13174). Polymers with comb structure have long pending hydrocarbyl groups
attached to the main chain. Thus, comb-like polymers have two types of structural units:
the backbone and long side chains. They have intermediate positions between linear and
branched structures. The comb-like polymers’ physical and chemical properties differ
from linear and branched structures (Plate et al., 1974:117).

Fumarates with long alkyl groups could be considered as an appropriate starting
compound for synthesis of PPDs. Presence of double bond in dialkyl fumarates (DRFs)
should give an ability to polymerize via radical polymerization mechanism where a
double bond reform as a single bond. However, as literature review revealed DRFs
with long alkyl groups do not homopolymerize very well. DRFs are considered to be
1,2-disubstituted ethylenes, and in the past it has been generally accepted that their
homopolymerization tends to proceeds with difficulties due to steric hindrance of the
substituents (Otsu et al., 1981:726). Further investigations revealed that DRFs do not
homopolymerise in the absence of radical initiator even under high temperature. DRFs
with alkyl groups of normal linear structure have low polymerisation reactivity and
number of carbons does not affect it (Otsu et al., 1988:549). Effect of different alkyl
groups on propagation and termination rate constants was studied. The results of the
experiments correlated with the previous studies: the bulky di-tert-butyl substituents
promote propagation reaction and suppress termination reaction (Matsumoto et al.,
1996:296). Fortunately, fumarate is successfully copolymerize with electron-rich
monomers like vinyl acetate (Borthakur et al., 1995:77), (Peng et al., 2002:66). Other
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studies focused on determining dependence between molecular weight of behenyl
fumarate-vinyl acetate copolymer on pour point depressing performance (Borthakur
et al., 1996:846). Copolymerizations of behenyl acrylate and behenyl fumarate in the
presence of benzoyl peroxide in toluene (Sarmah et al., 2003:2722), vinyl acetate and
behenyl fumarate by a bulk technique (Baruah et al., 2011:228) were reported. Prior
studies in the area of fumarate copolymers were limited by number of comonomers and
have not established dependence of their performance on the structure.

The objective of the research is to synthesize new type of copolymers of alkyl
fumarates with the a-olefin through solution polymerization technique and to characterize
the products that have potential to be used as pour point depressant for heavy oils.

Application of chemical agents as a method of mitigation the problem of solid wax
deposits during heavy oils transportation is efficient as long as the appropriate structure
of comb-like polymer is used. Thorough study of its synthesis and effect of reaction
parameters on the product properties facilitates the process of selection of the most
efficient pour point depressant.

Materials and Methods. The methods for synthesis of alkyl fumarates and their
copolymers, and carried analysis are given below.

Esterification: Dihexadecyl fumarate (DHDF), Dioctadecyl fumarate (DODF),
and dibehenyl fumarate (DBF) were synthesized through esterification reaction. The
reaction took place between fumaric acid and primary fatty alcohols in the presence
of p-toluenesulfonic acid at 120°C for 8 hours. The catalyst was applied in an amount
of 1% of the reactants by weight. The molar ratio of fumaric acid and an alcohol was
1:2. The reagents were dissolved in toluene in a stream of dry nitrogen. Dean—Stark
apparatus was connected to the reaction vessel to remove water that formed during
esterification. The reaction took place until the calculated amount of water was released.
The reaction solution was filtered in a hot state. Toluene was removed by vacuum
distillation. The product was rinsed with ethyl alcohol and dried in vacuum at 40°C up
to constant weight.

Copolymerization: The synthesized fumarates were copolymerized with octadecen-1
(ODC). The molar ratio of fumarate and ODC was 1:1. As an initiator of radical
polymerization benzoyl peroxide was used in an amount of 2% of the reactants by
weight. The monomers were dissolved in toluene. The concentration of the solution
was 40% by weight. Copolymerization reactions were carried at 75-85°C and with a
constant flow of nitrogen. The duration of the copolymerization was 15 hours. The
copolymers were purified by the same way as the esterification products.

Instrumental methods: Melting points of the obtained alkyl fumarates were measured
using OptiMelt - Automated Melting Point System (Stanford Research Systems, USA).
The measurements were made with open capillaries.

Structural features and functional groups of the products were characterized by FTIR
spectroscopy (Nicolet 5700) within a range of 4000-400 cm™'. The samples were prepared
by dissolving copolymers in xylene at a concentration of 20% by weight. In addition, 'H
and “C NMR spectra were obtained using a JNM-ECA Jeol 400 spectrometer operating
at 399.78 and 100.53 MHz, respectively. The samples for the NMR analysis were
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dissolved in CDCI, and their chemical shifts 6 were measured relative to the residual
protons or carbon atoms in CDCI,.

Intrinsic viscosity [n] of the synthesized copolymers were measured at 25°C with
an Ubbelohde type viscometer and by the Huggins’ plot method (Huggins, 1942:2718).
Different concentrations of copolymers solutions in tetrahydrofuran were prepared
(0.25; 0.50; 0.75; 1.0 % by weight). Relative viscosity is determined using flow times of
pure solvent and the solutions. Specific and reduced viscosities are calculated after that.
The plot was built indicating a relation between reduced viscosity and concentration of
the solution. Intrinsic viscosity was determined by extrapolation of the curve to zero
concentration.

Result and discussion. Characterization of the obtained products and data from the
measurements are given and discussed below.

Characterization: The Fig 1 show FTIR spectra of DODF and DODF-ODC
respectively.

S NETR—— g

a. b.
Figure 1. FTIR spectra of DODF (a) and DODF-ODC (b)

FTIR-spectra of obtained alkyl fumarates (Fig 1 a) have peaks at 3080 cm™! of the
C=C-H stretching vibrations and at 1681-1678 cm™ of the isolated double bond C=C
stretching vibrations. Weak intensity peaks at 1681-1678 cm are specific to trans-
disubstituted alkenes that corresponds to the structure of fumaric esters since fumaric
acid is a trans-isomer of butenedioic acid. Absorption bands characteristic for C-H
antisymmetric (v, ) and symmetric (v,) stretching vibrations at 2911 ¢m™ and 2852
cm’! are present in the spectra of the fumarates. The peaks at 1473 cm™ corresponds
to bending vibrations of C-H belonging to aliphatic groups. Characteristic vibrations
at 1750-1700 cm belongs to symmetric (v) stretching vibrations of C=O in esters
which is confirmed by presence of peaks at 1707 cm™'. Absorption bands at 1315 cm'!
corresponds to vibrations of O=C—O.

Compared to the FTIR spectra of alkyl fumarate monomers, the FTIR spectra of the
synthesized copolymers (Fig 1 b) do not contain stretching vibrations peaks of C=C-H
and C=C double bonds at 3080 cm and 1681-1678 cm respectively. Meanwhile,
stretching vibrations of C=0 at 1707 cm™! of fumarate monomer spectra shifted to the
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wavelength of 1733 cm! at copolymers spectra. The reason of the shift is that electron
rich a-olefin comonomer has replenished electron deficiency of the alkyl fumarate. After
copolymerization density of an electron cloud of former double carbon-carbon bond
increased. As a result, inductive effect of C=0 has lost its strength. The FTIR spectra of
both alkyl fumarates and the copolymers has absorption bands at 722-718 cm™ which
corresponds to absorption region specific to fragments (-CH,) , at n>4. The resulting
FTIR spectra reveals that all specific functional groups are present in a structure of
alkyl fumarates and their copolymers. Absence of double bonds in the synthesized
copolymers indicates that copolymerization reactions were conducted successfully.
Figs 2 and 3 represent 'H and *C NMR spectra of DODF respectively.
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Figure 2. "H NMR spectrum of DODF

In the '"H NMR spectrum of DODF (Fig 2) terminal methyl protons H-21, 21, 21,
44, 44, 44 are observed by multiplet signal at 0.84-0.87 ppm with integrated intensity
of 6H. Unsaturated ethylene protons appeared as double proton H-22, 23 singlet at 6.82
ppm. Protons next to carboxylate groups were registered as four protons H-4, 4, 27, 27
multiplet at 4.15-4.18 ppm. Methylene protons H-5, 5, 28, 28 of dioctadecyl fragments
resonated as four protons multiplet at 1.63-1.66 ppm. Other methylene protons of
aliphatic parts were observed as intensive singlet at 1.23 ppm with integrated intensity
of 60 H.
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Figure 3. 3C NMR spectrum of DODF
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In the "C NMR spectrum of DODF (Fig 3) carbon atoms C-21, 44 of terminal
methyl groups are observed at 14.21 ppm. Methylene carbon atoms of dodecyl fragment
resonate at 65.57 (C-4, 27); 32.03 (C-19, 42); 28.50 (C-5, 28); 25.96 (C-6, 29); 23.79
(C-20, 43) ppm. Other methylene groups resonate at 29.47 and 29.80 ppm. Unsaturated
carbon atoms C-22 and C-23 appeared at 133.69 ppm. Carbon atoms C-2, 24 of carboxyl
groups resonated at 165.15 ppm.

Fig 4 shows 'H NMR spectrum of DODF-ODC.
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Figure 4. "H NMR spectrum of DODF-ODC
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Figure 5. *C NMR spectrum of DODF-ODC

In the 'HNMR spectrum of DODF-ODC copolymer (Fig 4) new bands have appeared
that were not observed in the "H NMR spectrum of the alkyl fumarates. For instance, the
bands at a region of 1.58-2.02 ppm are responsible for the presence of some methylene
protons adjacent to long methylene chains. Also, the singlet with broad absorption band
has appeared at 4.01 ppm that reveals proton next to carboxylate group. This proves
that the double bond of the fumarate monomer opened up during copolymerization.
Another newly appeared group of bands at the region of 4.88-4.98 and 5.77-5.79 ppm
corresponds to terminal protons of the former double bond of octadecen-1. All the
obtained spectra indicate that the synthesized alkyl fumarates and the copolymers have
the appropriate structures.

The data related to other alkyl fumarates (DHDF and DBF) and copolymers (DHDF-
ODC, DBF-ODC) are given in Table 1.
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Table 1. Data of spectroscopic analysis of alkyl fumarates and their copolymers

FTIR spectroscopy 'H NMR spectroscopy
Dialkyl fumarate/ | Wavenumber (cm™) of the absorption | Chemical shifts 6 (ppm) of the absorption
copolymer name bands signals
DHDF 3080, 1679, 2926, 2904, 2853, 1472, 6.82,4.15-4.18, 1.65, 1.23, 0.85
1393, 1711, 1314, 1167, 720
DBF 3079, 1681, 2924, 2906, 2850, 1472, 6.82,4.15-4.17, 1.65, 1.23, 0.85
1395, 1709, 1316, 1169, 718
DHDF-ODC |2919, 2850, 1729, 1467, 1238, 1169, 6.82,5.79, 4.89-4.99, 4.15-4.19,
923,717 4.01,2.01, 1.64-1.69, 1.58, 1.24, 0.88
DBF-ODC  [2920, 2851, 2820, 1733, 1465, 1256, 6.82, 5.79, 4.89-4.98, 4.16, 4.00,
1164, 995, 907, 722 2.02-2.00, 1.57, 1.23, 0.85-0.84.

The synthesized fumarates and copolymers characteristics. The melting point and
yield values for alkyl fumarates are given in Table 2.

Table 2. Synthesized alkyl fumarates and their measured melting points.

Alkyl fumarate Melting point, °C | Yield, % wt.
Dihexadecyl fumarate (DHDF) 61,7-63,6 93
Dioctadecyl fumarate (DODF) 70.1-71.2 89
Dibehenyl fumarate (DBF) 76.8-80.8 83

The tendency of melting point to increase as molecular weight of the pending alkyl
group increases is apparent. This corresponds to a general concept that melting points of
linear homologous compounds rises as number of methylene groups are added. It could
be explained by intermolecular forces that strengthens as more atoms are included in the
structure (Chickos, 2001: 562).

The results of determined intrinsic viscosity [1] and measured melting point values

of the copolymers are given in Table 3.

Table 3. Synthesized alkyl fumarate copolymers and their measured intrinsic viscosities

Copolymer Intrinsic viscosity [n], dL/g Melting point, °C Yield, % wt.
DHDF-ODC 0.0277 56.3-59.3 66
DODF-ODC 0.0203 45.8-47.4 37
DBF-ODC 0.0308 57.9-59.5 84

All the curves of built Huggins’ plot showed adequate linearity within a given
concentration range. No abnormalities were observed, all curves have upward
directions, indicating usual relationship between reduced viscosity and concentration of
the polymers in solutions.

One of the aims of the study is to define parameters for the synthesis of high
molecular weight alkyl fumarate copolymers. Intrinsic viscosity of a polymer in the
solvent is one of the two ways along with molten viscosity to measure an average degree
of polymerization. According to Mark-Houwink-Sakurada equation, intrinsic viscosity
is directly proportional to molecular weight of a polymer. Moreover, viscosity is
influenced by molecular weight distribution of a polymer. There is a direct relationship
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between intrinsic viscosity and a chain length (Sanches et al., 2005:690). It could be
concluded that the higher intrinsic viscosity of a polymer, the higher molecular weight
it has.

The results from Table 3 indicates that there is no apparent correlation between
molecular weight of the alkyl group of fumarates and intrinsic viscosity of the respective
copolymer. However, there is a correlation between melting point and intrinsic viscosity
of the copolymers. It is well justifiable since intrinsic viscosity is directly proportional
to a molecular weight of a polymer that affects important physical parameters such as
transition temperatures and mechanical properties. In addition, a size of side groups
pending from the main chain affects melting point of a polymer due to change in
flexibility of the chain (Bunn, 1955:330).

Conclusion. The three copolymers of alkyl fumarates with octadecen-1 were
synthesized by solution polymerization technique. The structures and specific functional
groups were confirmed by FTIR and NMR spectroscopy methods. The results of the
melting points and intrinsic viscosities measurements showed appropriate correlations.
The study could be used to find optimal parameters for efficient copolymerization of
alkyl fumarate copolymers. Generally, more study should be conducted to find optimal
conditions for synthesis of alkyl fumarate copolymers since their comb-like structures
make them appealing for application as pour point depressants.
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