WO 201(1/003892PCT/EP2009/058394 METHOD OF IMPROVING THE COLD FLOW PROPERTIES
OF A PARAFFIN-CONTAINING FLUID BACKGROUND OF INVENTION Field of the Invention
[0001]Embodiments disclosed herein relate generally to methods of improving the cold flow properties
of a paraffin-®ShEaMHEHid. In particular, embodiments disclosed herein FQE%&WS*’&%%&%S capable of
lowering the pour point of a paraffin-containing fluid. Background Art [0002]In the hydrocarbon drilling
and production industry, crude oil refers to the desirable (and undesirable) hydrocarbon products
extracted from the ground together with the associated aqueous phase and minor amounts of solids.
The proportion of hydrocarbons in crudes varies from 5 % to almost 100 %, and comprises thousands
of different molecules that may be grouped into four families of compounds: saturates, aromatics,
resins and asphaltenes. Saturates generally constitute the lightest fraction of the crude oil while within
the saturates family, C18- long-chain linear paraffins represent the heavy fraction of the saturates and

are responsibig oy eypienesRiPREVIN (P93I ereffiDi ¥, cPNPROPER [9ER agup of allcane
hydrocarbons with the general fPRIA PRI Ch RIS Egprpper of carbon atoms. Paraffins

may be divided into three groups: gases at room temperature (the lowest carbon number alkanes,
CI-C4), liquids at room temperature %mﬂg%%bgﬁane& C5-C17), and solids at
room temperature (paraffin wax) (%‘I% , ve). At low temperatures (or at
temperatures below the melting point for respective alkanes), long-chained compounds are known to
crystallize and form large wax crystals ha\ﬁheg%’ gl\:égr%‘é%ﬁ%%r?structure. Other constituents of the

paraffin-c ining fluid. may: also, be. tr in.th I t ich 0.a faster
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agglomerate or s wepstess whichamEipfiealiineedte dhe lacpasaibn. crnhedgasatikisgasade
transportation eqyigoentiafddo,tagicleagingiefsushagiinmentupthesmors:fhe fosmation of a solid
wax phase may lead to an increased viscosity, which means that the paraffin-containing fluid may
become significarﬂ]’;’dmore difficult to handle. [00041Paraffin deposition is a well-known phenomenon
that plagues the oil industry all over the world. Typically, various types of products derived from crude
oils such as diesel fuels, various oils of Iubriqgagggg%rmgrgp&gy, automatic transmission fluids, hydraulic
oil, home heating oils, crude oils and natural gas liquids and fractions thereof contain several types of
hydrocarbgyimguch asmpanaifingRa0ad Altiedempesalaueiohtheiteserwirddhsiparafing may be
primarily liquid or gasepus and thus.ate dissolved,in the crude ojl. As.the production stream rises to
the surface and Ie%e@g% E Il‘ﬁnékéﬂﬁrﬁgqtg%%%cr‘g e R 6ge§§éﬁ‘r’*g%dtar? }% %8(%05‘53 : ﬁ%a,[ g‘%ﬁeam
begins to cool fromithelelevateditd mpeatu bz dpiossure ascooinparetds tHdtanqpertitarefand
pressure of the W%k'llaﬁizqrbmsi&*a#&a?@ tesults-inadass, of duidity anddepasitionabwaxes.rsphaltenes,
a

etc., which drasticdlly affects production operations. The wax deposits formed consists mainly of

n-paraffins (Iinear‘gf%‘éﬁ@sylﬁ}?ﬂ‘%ﬁ*ﬁﬂaémﬁ% Grpprah AR depiissi CARROAGM AR @ hpounds
(cycloparaffins, naghthalanesind hiel casbamimbeanataaatiinicyaalecute shreganit iftamiondEposits is
typically C15 or higher and may.reach.up to C80. Studies have alsqg, indicated that.the quantity of wax
formation that Will%?ec\%a#t ?fév%re d‘é‘fg’&%%ﬂ%ﬁ%%%%@%&gi?“1?88%"&]& efﬁlgaﬁgﬁ{)an 0 ﬁg’iaéfzé%osition
has conventionallyhbéemvgdieeiibimod fstroterfieidndvith eapioudindxpensiveshyeicmitiond chemical
methods. However, as the oil industry is continually moving to deep water scenarios where paraffin
deposition[4l3 place Reffiriiteisoratien BuBSde fottomied HHaRFUNFE wERMES i8R geRTE! other
solutions need to kg feund for Nasafiia depasiionmieliamsidasp waterpiahctionagilities for

current solutions are costly, time-consuming and thus %%?he a serious mena%%to the ec%ggggical

feasibility of their SHSSFEES: §856 ADRNRIP S OIf h BrSLEULYF PERBTiRg Mfdro ns which
solidify readily (wdigsjstonpeteoteantfrachansiediay tarprovetiiel olvaem feraivkedtliigsoft
paraffin-containing fluid .H'll'heia roc ay. mpli Ing. Ny iffefent.means; however, it
is often considerc’e%lo'?gl zea gx%egnsg)\%gag%c‘epﬁfgﬁg?ggﬁé%a%%g%ﬁﬁniqﬂés havejge%% boggd in
combination with aefapvesrendpred treertiasieale charslinershi fer stsprstivaelkrpstaisottat form.

Such additives opgfaie-@nthghasis thaksmalles sikeanystalsargdesiable.ascthayiateiass kely to
clog a filter. Other traditional methods to remediate Waxgr stallifggtion are bafﬁd on renlovigleg the
R
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100081 Accordinglyaphedeiexistscaysahtintingreea forhdevgldpaients: idatite grewentidntior imdwbition of
wax formation, thereby improving flow properties of fluids having paraffins contained therein, rather
than remediative techniques conventionally used. SUMMARY [0009]Embodiments disclosed herein
relate to a method of improving the cold flow properties of a paraffin-containing fluid that includes
admixing an effective amount of a polymer comprising cyclic amide and long chain alkyl functionality.
[0009a]In one aspect, there is provided a method of improving the cold flow properties of a
paraffin-containing fluid comprising wax-containing oils, natural gas liquids, crude oil, shale oil,
petroleum, and/or tar sands oil, and/or mixtures thereof; wherein the method comprises: admixing with

the paraffin-containing fluid an effective amount of a copolymer comprising: cyclic amide monomers
and lona-allkxyl monomere TO0ONO0OKhTIn annthar acnect thare ic nrovvided a3 method nf imnrovvina the cold



[0010]Embodiments disclosed herein relate to a method of improving the cold flow properties of a
paraffin-containing fluid that includes admixing with the fluid a copolymer formed from vinylpyrrolidone
and a C12+ alpha-olefin. [0011]Other aspects and advantages of the invention will be apparent from
the following WESHHAGI¥4End the appended claims. BRIEF DESCRIPTIONCFEBRINRANES
[0012]Figure 1 is a graph showing the n-paraffin carbon number distribution for three synthetic oils that
were experimentally treated with the pour point depressants according to the present disclosure.
[0013]Figure 2 is a graph showing the viscosity data of non-treated Oil | and of Oil 1 treated with the
pour point depressants according to the present disclosure. WO 2010/003892PCT/EP2009/058394

loo14IFigure 3 s ggraAN sioWino sty cRIAGLEAPHRAIEAGILS @ﬁghoﬁa%jliﬂéﬁéﬁf%% with the
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pour point depressants according to the present disclosure. [0015IFigure 4 Is a owing the

n-paraffin carbon RubssEPEIRb LGS RsFéEve AR AP BIUEE ON STRRmWRT and tp dhinatoseing efeated with

the pour points depeessaishaacoming:iathe presenhaisslosuraoiQOGIEiIe his agrephshowing the
viscosity data of non-treated and treated Sudan (Paloyge) crude oil [0017[Figure 6 is a graph showing
rease%trgg é)alghd‘%?gggteraeé?fdé%at(&%%aﬁaﬁdr H’é%“&ﬁﬁ’fé]l’—%@rﬁ% CHrabh showing

the viscosity data'0f Rot-
the viscosity datasefmarsttyatedeahtfitréatetkiibtnam crude oil. [0019]Figure 8 is a graph showing the
viscosity data of non-treated and treated Croatia crude oil. [0020]Figure 9 is a graph showing the

viscosity d2MF non-tréaesinadrperisiord maielsrevritkeminpRT Al EHh OESRIP TNy all

[0021]Embodiments.disclasad. hexgin.are dirsied esaethads.ef impravingtheceld:flowdpraperties of
paraffin-containing.fluids, such as by preventing paraffin wax formation. In particular, embodiments
disclosed herein F%S?Jirz'ﬁ 3d 1578 hgaiﬁ 85&5%&‘??@15&%%%53’& TP Yife CHBBRAIR dfwids,
vinylpyrrolidone angdimlghasd)éihmwitesochipacafiio «dbntainingfibids [0022] Rid\fertionsah@asaffin wax

formation may becggmg\é%gepgl &%r O\év'}lg) Eng)l%%iré@e%;%ﬁghe present disclosure by depressing
the pour point of paraffin-containing flurds to mﬁl it wax chsta ization. The pour point of a fluid may be

defined agghgsemperaturgatayishithe fridsanpless A IangekcoRs %@;&ﬁﬁq‘&mw § gubjected to
the standardized schedule of quiescent cooling prescribed by ASTM D97-47 or ASTM D5853. WO

2010/003892P CTERFEEIO BB SA B3 RAdTIRIS T Wl th Ehp rersd e B etme weayb@pplicable

comprise paraffinsurface and leaves the wellhead, the temperature and pressure start to decrease; the
stream begins to cool from the elevated temperature and pressure as compared to the
temperature and pressure of the wellhead. This chilling results in loss of fluidity and
deposition of waxes, asphaltenes, ete., which drastically affects production operations.
The wax deposits formed consists mainly of n-paraffins (linear alkanes) and small
amounts of branched or isoparaffins and aromatic compounds (cycloparaffins,
naphthalenes). The carbon number of paraffinic molecules present in wax deposits is
typically Cis or higher and may reach up to Cse. Studies have also indicated that the

quantity of wax formation that will prevent flow or gel for an oil is quite small.

[0066] Remediation of wax deposition has conventionally been solved in onshore fields
with various inexpensive physical and chemical methods. However, as the oil industry
is continually moving to deep water scenarios where paraffin deposition takes place in
difficult-to-reach subsea flow lines, manifolds, wet Xmas trees, etc., other solutions
need to be found for paraffin deposition problems in deepwater production facilities for
current solutions are costly, time-consuming and thus posc a scrious menace to the

economical feasibility of their enterprises.



containing fluids such as wax-containing oils and natural gas liquids, and for example crude oil, shale
oil, petroleum, tar sands oil, and mixture thereof. However the copolymers of the present disclosure
may bi@Tikable for Pedtacimgothe: pouthppintast paraffimicphydining fuidshadntdining dudity ivebesiilar
weight linear Famaffirsoiam farafiing having@bleast20wwatioratomSuRiher fherceRelymers may be
particularly suitahle faniteatingsfinids coptaining ighmelscnlaaweioht inear Rasaliinsithatleast 25
carbon atoms, [00Z4Iopr point de éﬁs%éea”t%égdﬁr%s)’ oy 89\11%91fLO%c%HP%%‘éeﬂévé"’%‘éeﬁr@éé' jpodifiers
or paraffin inhibit rs, dh sically intéract with the paraffin chains ot the pre%lpltatlng paraffin crystals.
The consequeTTERIBAIAL T AOUH oAb RSB AVRAFE BRLERANSG HLE GBS ACeS RhartNERiRalty o
said fluid is mAtFtairEhadBdes WidEr RnHisdats fBa HgEc 6T STTHEAERIASR SFhetia lsyswhich
PPDs operatelthaly beehthdidabjddthof rnddhrinteretiod® RDsdetiatt wiakesthie watomarebsaddiole in oil;
rather, they furnalionnbydisrepphgar prederingetheyfarenativor efdbieniaxymaeiwerk: Pheyeate gesigned
to interfere in the.max crystallization process, thus modifying the crystal structure. Early studies
postulated PPDs function by coating the surface of the wax crystals to prevent further growth; however
more F8%t studiesaeRrdiBelygéted tHas thecPEDE A Reediier Bevalspsied intdeharesedion thie wax
crystal or co-crystatlire afiithath éovwesticny stateThusporyistaligrovptpsriiat pfofubitebiiing simfiydirected
or channeled alpngndifigsant reuieshkigbheiicinscopiigugoesistiabmaxarystals are typically thin
plates or blades, and when a PPD is added to the system, those crystals are smaller and more
branched, and thus the PPD may disrupt or redivegherystal growth from different directions into a
single direction and bulkier crystals will be formed. Thus, with an effective PPD, wax crystals then may
form r888rks only BRRedErcBhvEs tA Akt e it raetind fif BISwErHBG S il TrameTteid in
which paraffinsfare ressitairretta{00267ividcbardagiedesvitinamito dimefits tofthanpreserit disclpsare, PPDs
may be structuredhsddhaiharmidthendiotectiecabiainscadangychain alkyl group soluble in the
paraffin-containing fluid (paraffin-like part), while the otheégﬁ_art of the structure WO

2010/88888b P CT/EP 260 5/B5E s GH EotitAINE SHAIAFHEP S HRRG U 5 ctalpSety. FARPiatfirtlike part
may provide nifErEBHEANSHBE SR aYEBLEA STl Ze WAt A @ ibaraifing igrshipdeafindechtathityy fluid,
while the polarpartmépincorporadte sndheisurfidce ofithespahaffol.cristals theshicthiditiogitheeextensive
crystal growthdayradycing the sizatof-thepanafiinarystaltdR24Nhe pOesigRineg.ar selesting:
compounds suitaileiR:actASMRENLRQIDLAeRIg 3RS Lhe following traits or characteristics may be
considered: low-temperature performance at low concentrations in a wide variety of paraffin-containing
fluids, | 8#f8} to lowdr thetporsprsintheis cority idad 4/fetthetres st perafire-coldtaiing dheidiss wiwether the
alkyl chain lengthftihtbe:pendafitgroupsriziatchésiwith thé dvefiagbagardyormuinber @ithesparaffins in
the paraffin-capiaining fivithea sloxdrdaiGlose i the-Ra@lin-sanianingHuitd wax appeasraee
temperature (WAT L AJR&IINGRAGINLHIoss i he paraffinsdn the Raratincontining. fluid, cost,
competitiveness (a epompared to other commercially available products), ease in synthesis and
handling, thermal, oxidative and chemical stability, have low intrinsic pour point, flash, viscosity and
yield qoedy, be crysialtiagmndsstilobledhpamtfemeantammghlwitisnaodihave waaklipelarthesather than
non-polarity ohigh.pRkrit 40028 ie copalmess usadia theRresenk distiosue apRRurRaint
Depressants @E;PM%&@%W&%P&WS@Q?‘W”Q cyclic amides as well as long-chain alkyl

functionality. The Cyclic amide functionality may be achieved from a cyclic amide monomer, which may
be redétddiwith at |€astrospwothenmedomerdo §Orie the copolynie rbE xerapiaryroycliccafvlides;@lso
referred to as lretapionthal MaypRadged.assmonomers in forming the copolymer may include
vinylpyrrolidone (CH2=CH-C4116N0), a five-membered lactam ring, vinylcaprolactam
(C112=CH-C6HioNO0), a seven mgmberecklariamaong retsr J008%Hs some embodiments, the
long-chain alkyl functionality may be achieved by reacting a cyclic amide with alpha-olefin monomers.
Alphal8#fths (or a-6i€Hiss) e Haihtily ORsi§anBEt b AT RS IRRA éﬁ%ﬂéﬂé@ﬁe@ﬁﬂ%‘%ﬁ@?ﬂka|
formula C,H2xilishinguisheddyizataty tedod btalbbndetrtheiprilerapysantaksherdaiggositiopr¢@r2--tfx,
1F120.0). Thedadaseutevo types of alpha-olefins, branched and linear (or normal). The chemical
properties_of branched alpha-olefins with a branch at either the second or the WO_
2010/6038b2pCT/EPS6BS/H5BESRR A AATIBR AT iy iR R afreren (b etk b Fab & riEYsSs linear
alpha-olefins arith the seviigiBbdmeres s doaithteaprsanh dtesrEnd further from the start of the
chain. In particular embodiments of the present disclosure, the alpha-olefin of at least one copolymer
is a linear alpha-olefin. Alpha-olefins suitable for réaction with the cyclic amide include any C2-C40
hydrocarbon having an a-fl double bond. 100301Alternatively, the long-chain alkyl units may be formed
by use of an a-13 unsaturated monomer which may be subsequently modified to have a long alkyl
chain added thereon. For example, such monomers may include vinyl acrylates, maleic anhydride, and
1,2-ethylenedicarboximide, etc. Acrylates easily form polymers because the double bonds are very
reactive. Upon reaction of an acrylate with a cyclic amide, the resulting polymer may be transcsterfied
with a long chain aliphatic alcohol. Further, one skilled in the art would appreciate that similar types of

reactions may occur with maleic anhydride or 1H-pyrrole-2,5-dione (also called maleimide) to achieve
tha lona chain allkevl fiinetionalitvy Ernmrthearmore it ic alen within the cecone nof the nrecent diceclociire that



WO 2010/003892PCT/EP2009/058394 [0035]In some embodiments, the addition of the copolymers
according to the present disclosure to a paraffin-containing fluid leads to a lowering of the pour point of
the fluid by at least 3C. In other embodiments, the pour point variation is at least 10C and, in yet other
embodiment$Yth#PEFH3int variation is at least 50C. One skilled in the aRGTEHH S FéMate that any
depressant effect may be desirable, particularly in the treatment of heavy oils with high content of
C18+ n-paraffins. [0036]The copolymers of the present disclosure may be prepared by any of the
methods known by one with skill in the art and typically by free-radical polymerization. Polymerization
can take place under a variety of conditions, including bulk polymerization, solution polymerization,
usually 11 @ prpanic PG CRMBARIIGMORODRIS. BT 0P RANTREERIPD - SHBBREN
polymerization and non-aqueous dispersion techniques. A suitable preparation process comprises
dissolving the motiehisar&ith Hp Rgaie séwesiaticeeridnppiothetressalyiseldsason in the presence of a
free radiciﬁ'qigftor at a temperature ran ing from 30 'go‘ZOOC‘. Suitable sol\_/gen_ts may_include various
alcohols ( é ethan&i}%%ﬁaﬁcﬂ,ﬁ?é’ﬁrﬁgﬁé%% Bitamar2 S8t Bthem SR AAEBHER HEXRGR ethylene
glycol, 4-butanedichydiethyendsgiieolyathyleramiyedynenamhetiyl sthepanpothe likeranaiany other
type of solvent thaf forms %%‘gut}&r&r\l@/i&g tgﬁyrrleterocyclic N-vinyl monomer and alpha olefins, and is
relatively inert toward po merization and a yFation. Typical free radical chain initiators used for
initiating thgyfiggction ofMENGMELS AL QYIS Mdraberaxides peraxides.and pro.compgunds. Free
radical stabilizing compounds may be combined with the free-radical initiators to control the
polymerization prdcd@&shdidesibduce polymers of a specific composition, while controlling the
moleculareight and weight range. 1003710ther embodiments may be prepared b f the
methods AU by ond With SRIIETHE SRR AT B St HoaT o Al APSeSTARACHBR between
a carboxylic acid,(ad®®Xx#4dlkyl ester or amide and long chain aliphatic alcohol or mixture thereof The
csterification or transesterification reaction is performed preferably in a liquid aromatic (e.g. toluene) or
aliphatic H##sdarbon Sétvent, ineteaipreseriae dicaysaraipstaach rengreofadaed tifeisit Vefdasodium
methoxide or eth@yde ogtc., and at a temperature WO 2010/003892PCT/EP2009/058394 ranging
from 60 to 200C. The reaction may be performed with an amount of the long chain alcohol
correspori@@tplo the amauasrneadeshiosibeite greeiabchnversiomdesitetd 0088ikke BRPRs according
to the present disgllggeu{r)ﬁ may be employed alone, or they may be used, in particular embodiments, in
combination with one of more additives for improving low temperature flowability and/or other
propertieggyhyh are Ifst e AP ARNMEANGJIERI B, Heh At s daay A grample be
oxidation Inhibitors, corrosion |nh|%|tors, detergents, storage stabilizers, lubricity agents ahd other pour
point depressants?fEG‘@Bé]However, it is within the scope of the present disclosure that the PPDs of the
present disclosure may be combined with one or more other PPDs. For example, one skilled in the art
would appreciate that use of multiplelPPDsIInBEpHesatiRifary)3litable when treating fluids containing
paraffin of wide ranging size (i.e., carbon length). Thus, these other PPDs may be any compounds
known by [862 With skilEintihErasttiolexhibit hersirponddené ssarthubpeiesosighhe Ps$ faay include
oligomers having molecular weights of 1.000 tg 10,000, or polymers which have molecular weights
areater than 10,000 T e o e s S R BB e
ethylene-vinyl acdtatea(EViaY. copbineaas vilgilasastdherdiefiecdpshjedets, poRpatieyi¢omantiyinerylates,
alkyl esters of styrgpgxmalaic prbyshide£RRANM SISy AIRHMAEIm ANVIHLELORRIY MBS «alkyl esters
of unsaturated carboxylic acid-olefin copolymers, alkyl acrylate-alkyl maleate copolymers, alkyl
fumarate-vinyl acBIStH 8BRS Yfkyl phenols, alpha-olefin copolymers, alkylated polystyrenes,

Xm rs, r.Iong-chain faé%(%cigvi%mides.

alkylated alenes, ethylene-yinyl fatty acid gster copol or

100401A§§§§£Eg to sgyrrr%eggﬁ?cﬁ?g %%%c%%%nf%%ﬁtemﬁﬁbg of the plfggen'tnd%cccfbrsure may also be
combined with onembedimeatacritte-pstenpolyphengavberdapmasiing pbetiopuof thimtesfersrafbng the
polymeric backbopg inglHdes Gl 24 plvdiaayalesandaisecont nrtionplihe estrs ingluges C14

alkyl acrylates. It is within'the scope of the present disclosure that these acrylate polymers may be a
homopolymer haHy s iisn EraE & etuaraitnits diAg e oy prsshiertidrreddrefiidd by an
olefin-containing aftehalbAdR201ALZERARLT LRARA OGB4 catdRanebiarsieddom two or
more alkyl acrylatﬁ gg%rpgg%méygticular embodiment, the polymers may be a transesterified
poly(methyl acrylate) (or transesterificd poly(methyl mcthacrylate)) such that the resulting polymer is a
methyl acrylate-alkyl acrylate (or methyl methacrylate-alkyl methacrylate). Further, it is within the
scope of the present disclosure that any of the estér groups may be linear or branched. 100411In
particular embodiments of the present disclosure, the alkyl groups of the alkyl- acrylate polymers may
comprise at least 12 carbon atoms. The alkyl groups may comprise 12 to 40 carbon atoms in some
embodiments of the present disclosure, and 20 to 60 carbon atoms in other embodiments. In other
embodiments, the alkyl group of at least one acrylate polymer 18 to 32 carbon atoms. In yet other
embodiments, the alkyl group of at least one acrylate polymer may comprise 18 to 28 carbon atoms.

[0042]Linear, saturated fatty alcohols of the chain lengths Cg to C22 may be obtained from natural fats
and nile hy hvvdrolvveie nr methannhrecice followed by hvdronenation of the reciilfant acide ar methyvl



some embodiments, and in a concentration of from 250 and 5000 ppm in other embodiments. [0047]In
yet other embodiments of the present disclosure, the total concentration of PPDs ranges from 250 to
6.000 ppm, or even higher depending on the paraffin content and n-paraffin carbon number distribution
of the fluid urf¥i@r¢&8iRgation. In other embodiments, the PPD may rangd§b#PB0/4883¥4$00 ppm.
[0048]The PPDs of the present application may be added to the paraffin-containing fluids at a
temperature higher than the Wax Appearance Temperature (WAT) of the paraffin-containing fluid,
which is defined as the temperature at which the wax starts to precipitate. Indeed, to achieve
maximum efficiency, the PPD copolymers and/or polymers should be added before the fluid reaches
the WAT t the PRDs e djssol in flui en the paraffins start to crystallize.
[0049]Further, particiﬁ ar erﬁ‘aﬁ%{éin\%@ﬁl é?% eI\é %glé{sgr%? fs% o])élu e%tigp igg%%aedctoc;n l(1355[?1Bérsa}({;?i‘ni'mproving
the cold flow propéftiesiog dlpidrafiiel eortaingt#aiaavhichrsomprides admildngdtitiseatals at least
250 ppm of a copgilydnesi1saidicopelyrpes e PHsiRshab kit 28 Wikeaf-vinyipyrolidopg andgabout 80
wt% of C30 alpha-olefin. [C‘)ng?( XAMPLES WO 20101003892PCT/EP2009/058394 [0051]The
present disclosur&3°tirefer BlitEE SIS UR RIS SRR WsCH i daemel #9itstrate
certain specific embeffimenisioitheidide|@sutahing dighahintendedtadhe tanatrpedfmasi o, be

restrictive of the spirit-an e ther 2]Ex mpi;? Sel | 2 - Two different tests were applied to
study the efficien )?%%%lﬁld}lr?ﬁ%%ahfad&% LQ%%H gﬁ%& le m%c(l)a}pto copolyh 'of acryle I%CPEI%

rrolidone-C30 alpha-o ymer and o y ate polymers as
PPDs: A. PétitghdinmBeing HeptscRErnparfo g septerBlpalWatehthibnran esta@ntpeigiire at which
a movement of thg fsepied-pils massobserved. The method used to measure the oils' pour points was
the manual tilt method. The pour point of a sample of crude oil is the temperature at which the sample
ceases toffld24]To measurethe pauspainisrolsynibetiadndinatikal-crite wils cavsanmpiaifed2 mL) of
the oil under investigation was.first heated at a.temperature above. that of the wax appearance
tomperature, 1o, SO LA RS 3 GRS TR Hobec WA o Rochr o T o
inserted therein. Agrefénsumspile. cOieantbeussrnpléhadectestedoiot ofdvarnafiieveneB@btiting the

cylinder. When mgyement.qf e Sample ioppreh coOmaiRialva 3G uers pddeshir themegsured
temperature and this recalculated value was taken as the pour point. The same test was used to

quantify thyegaataffin inhikitiancaetivity @R Doy iRt am epsanishel therneseijdiselosta on the
oils under study. interes%' \4%9349/ ]égg gfagéeﬂt]reated og;@é %?l?bﬁgrngI S a fé"}citl’%)% ; E%?é%?gerature.

The viscosity data were'measured during a contréied €60 INg process A 0 Physica
Rheometer (DevideritOR10O0r8NT1 3 2bs CONRion 38400 prax 8, ko e dbunngsystémedST24/PR-Al;

TU: TEZ 150P-C) J0R31Example. R s fieclonl @ dnyinyiolidancit: 30 alphasnlelin.aapalymer and of
acrylate polymers on synthetic oH;él 054]Three synthetic oils (Oil 1, Oil 2 and Oil 3) were used to

evaluate the cold ibWeparSHasAdE b LsHiapyirdirigne e ainsLbibsines soifiieiang GPacrylate
polymers. [0055]Methyl aeryiateraiisytagiylatepalymers with: lopghianahedalkybside-chairs (R) were

synthesized by transesterification reactign, (Scheme 1 below) between . ) .
01010035925 C T PP0OSTDEHIBA Bl b oAy ST s Wit B el (BB o
2-tetradecyloctadewaidblrdhé reatioprebastediried cimpithdicidedernsisolvend atehd @08 (0.7 wt%)
as the catalyst, unglgrJef amcmyslagﬁ@@gg@%ahd%n@atp%%lars%@wggﬂaﬁﬁ% Wegagded to the

solution of poly(methylacrylate) in toluéne in the amount of 0.40 equivalents. The methanol produced

during the reactiofPv¥85e mBYEd IAs s IsEiEEn aretirtipe By Medlss Bratrsh esheStark

apparatus. Schemgdl thusithéi@Mithay disrupt or redirect crystal growth from different directions into a
single direction and bulkier crystals will be formed. Thus, with an effective PPD, wax
crystals then may form networks only at much lower temperatures which results in a

lower pour point for the liquid in which paraffins are contained.

[0626] In accordance with embodiments of the present disclosure, PPDs may be
structured so that part of the molecule contains a long-chain alkyl group soluble in the

paraffin-containing fluid (paraffin-like part), while the other part of the structure



100561Methyl acrylate-alkyl acrylate polymers with C18-32 linear-alkyl side-chains (R) were
synthesized by transesteritication reaction (Scheme 2 below) between poly(methylacrytate) and linear
alcohols n-C18-32014. The reactions were carried out following a similar procedure to the one
describe aboV&® BUPHERE18 32 linear alcohols were added to the solutioX OF BRI facrylatc) in
toluene in the amount of 0.75 equivalents. [0057]Alcohols such as C18-320H, 89% linear C18-250H,
C20-320H and C20-300H, with higher percent linearity than 57% linear C18-280H, required higher
amount of catalyst NaOCHS3 for obtaining higher percent conversion to the acrylate ester polymers.
For instance, 11% increase in conversion was observed when the amount of NaOCH3 was increased

from 0.4 to 1.4 wi%(hased on.thg;amaiyat of i ) iggbe reastian. of A ylate) with
C12120H. Scheme 2 WO %%O/OS%SSZPC%%@P?OS(%/ 5839? %% gg%ﬁr%%ﬂ%%r#r%%%@%ﬁ% made up

by mixing indepeRERtPPatitse LeditstrOR prtmn I e a5 Ehate SsvsmiBnaertitag
reproduces crudefieiliselvgnticonditians hivsaibdraeniainedikhd Wikhohwanincbiial mixture of

ggfo?bvvgﬁ)é(rrr)] é’)&%ﬁkatnd %1%% LWAX rsgﬁaog \gﬂ?bSA OLW Xgr

1t ensive ¢ cing the si 5%3-58(%?} bOthta}/a”able from
amnﬁurg, ermanyy), in ecane” Oif c&nPalnea?L % Widh & %Sxa SASOLWAXO

C-80 avaifghiarfrom SagalWax GMbH (RmBY1g,GEImRN..I A8oRne: Ol 3 WAs A Mixte of 14.4

wt% of SASOLWAX(r) 5803-58%% agld o? 14,4gwt% of SASSOI_aW?AX r Cﬁé%ll%nlﬁca(r% - The S’se of other

solvents than dechnéodgBirgdREFSEehartHtFHBICTIGE RS ot ecA o\OMpBIRPYEIIESPII0BIRS shown in

Figure 1, Oil 1 mastywcostainedilightnaedivmmalestiarammighhitinarafiing havinoisaan. content of
from 20 to 40 carbon atams. Oil 2 mostl .c%t?ined peayi ole(%ylar Wﬁght n- araffirLs h%%igg a
carbon content of Y 3810 BE LI §58 SUEH 8 BTN BSIA R paL Gy 930801The

pour points of Oilqhza'mde@g'ﬂﬂ afiehe PBE=A0dSEG nespbetivalp, thibite @ik8 daboa poubgoifttbé 64C.
(006114, Pour PalnkAERsHEMERIFYGh R AARSIAGH P MUOR AR S A0ReLRe R POt

depressants of the present application were used in a concentration o 50 to 1000 pp%n for the
three synthetic oifdUidovERaPRRR RSt BB APt entaclirtson s s isoes nseibims Tabie 1

Paraffin inhibitor ysfietismBammfinypecol chanpstenstics Raratiinpeentant {#dr commercially
available products), ease in synthesis and handling, thermal, oxidative and chemical
stability, have low intrinsic pour point, flash, viscosity and vield stress, be crystalline
and soluble in paraffin-containing fluids, and have weak polarity rather than non-

polarity or high polarity.

[0628] The copolymers used in the present disclosure as Pour Point Depressants (PPDs)
may include copolymers baving cyclic amides as well as Iong-chain alkyl functionality.
The cyclic amide functionality may be achieved from a cyclic amide monomer, which
may be reacted with at least one other monomer to form the copolymer. Exemplary
cyclic amides, also referred to as lactams, that may be used as monomers in forming the
copolymer may inclade vinylpyrrolidone (CH,=CH-C/HNO), a five-membered lactam

ring, vinylcaprolactam (CHy=CH-C¢H(NO), a seven membered lactam ring, etc.

10029] In some embodiments, the long-chain alkyl functionality may be achieved by
reacting a cyclic amide with alpha-olefin monomers. Alpha-olefins (or a-olefing) are a
family of organic compounds which are alkenes with a chemical formula C.Hj,,
distinguished by having a double bond at the primary or alpha (a} position (CH,=C,.
1Hox1y). There are two types of alpha-olefins, branched and linear (or normal). The

chemical properties of branched alpha-olefins with a branch at either the second or the



Solvent Pour point (C) Pour point (C) Treated oil Pour point variation (C) Type Addition rate (PP/n)
Name Vinylpyrro idone-C30 alpha-olefin 1000 Oil 1 Sasolwax 5803-5805 14.4 Decane 33 23

WO 2016/003892 PCT/EP2009/058394

third carbon are significantly different from the properties of lincar alpha-olefins and
those with branches on the fourth carbon number and further from the start of the chain.
In particular cmbodiments of the present disclosure, the alpha-olefin of at least one
copolymer is a linear alpha-olefin. Alpha-olefins suitable for reaction with the cyclic

amide mclude any C,-Cy hydrocarbon having an a-p double bond.

[0030] Alternatively, the long-chain alkyl units may be formed by use of an a-B
unsaturated monomer which may be subsequently modified to have a long alkyl chain
added thercon. For cxample, such monomers may include vinyl acrylaies, maleic
anhydride, and 1,2-ethylenedicarboximide, etc. Acrylates easily form polymers because
the double bonds are very reactive. Upon reaction of an acrylate with a cyclic amide,
the resulting polymer may be transesterfied with a long chain aliphatic alecohol. Further,
one skilled in the art would appreciate that similar types of reactions may occur with
maleic anhydride or 1/H-pyrrole-2,5-dione (also called maleimide) to achieve the long
chain alkyl functionality. Furthermore, it is also within the scope of the present
disclosure that alkyl, alkenyl, aryl or arylalkyl groups may be added to the active sites in
the moieties of the N-heterocyclic structural unit (i.¢., the vinylpyrrolidone monomer)
after the copolymerization reaction. In such an embodiment, the cyclic amide may be

reacted with any of the monomers described herein, as well as short-chain alpha-olefins

[6031)] For an optimum interaction between the PPDs and the paraffins in the fluid, the
pendant chains of the PPDs according to the present disclosure may match with the
paraffin distribution in the fluid. In particular embodiments of the present disclosure,
the long alkyl chain functionality may comprisé at least 12 carbon atoms up fo 40
carbon atoms. In other embodiments, the long alkyl chain functionality may comprise
16 to 30 carbon atoms. In yet another embodiment, the long atky! chain functionality
may comprise 30 carbon atoms. When alpha-olefins are reacted with a cyclic amide,
any alpha olefin having a moelecular weight from about 28 to as high as 2500 may be
employed as the co-monomer, as well as in the alkylation of the active site in the
moieties of the N-heterocyclic monomer, Mixtures of suitable alpha olefins may also be
used. While linear alpha olefins are preferred because of their interaction properties

with the linear paraffins in the fluid, isomers of alpha olefins ranging from I-dodecene
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to I-tetracontene as well as polyalkenes may also be employed in the polymerization
reaction. When such isomers are used, ethylenic unsaturation in the alpha position may

allow for greater reactivity.

[0032] In forming the copolymers from the respective monomers, the copolymers may
comprise from 20 to 90 wt% of vinylpyrrolidone (or other N-heterocycle) and 10 to 80
wt% of the alpha-olefin, acrylate, maleic anhydride, or dicarboximide monomer in some
embodiments, and from 20 to 50 wt% of vinylpyrrolidone and 50 to 8§80 wt% of the
alpha-olefin, acrylate, maleic anhydride, or dicarboximide monomer in other
embodiments. In a particular embodiment, the copolymers may comprise about 20 wt%

of vinylpyrrolidone and about 80 wt% of an alpha-olefin monomer.

[0033] Further, preferred copolymers may be vinylpyrrolidone - alpha-olefin copolymers
having a weight average molecular weight of at least 3.000 in some embodiments of the
present disclosure, and from 10.000 to 250.000 in others, the preferable molecular
weight range being between 10.000 to 50.000.

[0034] The amount of PPDs used in treating a crude oil will vary according to various
factors such as the base fluid type, the paraffin content in the fluid, the n-paraffin carbon
number distribution for the fluid, the type of polymers, the degree of pour point and
viscosity corrections desired, the ambient conditions, etc. The optimum dose rate is
normally estimated by means of laboratory measurements such as pour point, viscosity,
gel strength, wax deposition tendency, ete. Therefore, there are no limitations in this
regard. Thus, the copolymers may be added in effective amount, ie., an amount
sufficient to produce some reduction in pour point of a paraffin-containing fluid.
Generally, however, each copolymer may be added in a concentration of at least 50 ppm
in some embodiments, and in a concentration of from 50 and 5000 ppm in other
embodiments. In some other embodiments, the concentration varies from 250 to 1000
ppm. Further, one skilled in the art would appreciate that ranges may depend on the
types of oil being treated, and that the desirable amount is an amount sufficient to

achieve the highest variance in pour point and viscosity at the lowest dosage possible.



23 10 89% linear C18-28allcyl 1000 20 14 linear, C20-32 alkyl 1000 26 7 linear , C20-30 alkyl
1000

WO 2610/603892 PCT/EP2009/6583%4

[0035] In some embodiments, the addition of the copolymers according to the present
disclosure to a paraffin-containing fluid leads to a lowering of the pour point of the fluid
by at least 3°C. In other embodiments, the pour point variation is at Ieast 10°C and, in
yet other embodiments, the pour point variation is at least 50°C. One skilled in the art
would appreciate that any depressant effect may be desirable, particularly in the

treatment of heavy oils with high content of C1s+ n-paraffins.

[0036] The copolymers of the present disclosure may be prepared by any of the methods
known by one with skill in the art and typically by free-radical polymerization.
Polymerization can take place under a variety of conditions, including buik
polymerization, solution polymerization, usually in an organic solvent common to the
monomers, emulsion polymerization, suspension polymerization and non-aquecus
dispersion techniques. A suitable preparation process comprises dissolving the
monomers in an organic solvent and carrying out the polymerization in the presence of a
free radical initiator at a temperature ranging from 30 to 200°C. Suitable solvents may
include various alcohols {e.g. methanol, propanol, isopropanol, butanol, sec-butanol,
amyl alcohol, hexanol, ethylene glycol, 4-butanediol), dicthylene glycol, ethylene glyeol
monomethyl ether and the like, and any other type of solvent that forms a solution with
the heterocyclic N-vinyl monomer and alpha olefins, and is relatively inert toward
polymerization and alkylation. Typical free radical chain initiators used for initiating
the reaction of monomers are oxygen, hydroperoxides, peroxides and azo compounds.
Free radical stabilizing compounds may be combined with the free-radical initiators to
control the polymerization process and to produce polymers of a specific composition,

while controlling the molecular weight and weight range.

[0637] Other embodiments may be prepared by any of the methods known by one with
skill in the art and typically by esterification or transesterification between a carboxylic
acid, an C,4 alkyl ester or amide and long chain aliphatic alcohol or mixture thereof,
The esterification or transesterification reaction is performed preferably in a liquid
aromatic (e.g. toluene) or aliphatic hydrocarbon solvent, in the presence of a catalyst

such as p-toluenesulfonic acid, sodium methoxide or ethoxide, efc., and at a temperature



27 6 Vinylpyrro idone-C30 alpha-olefin 250-1000 Oil 2 Sasolwax C-80 14.4 Decane 57 <0 >57
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WO 2016/003892 PCT/EP2009/058394

ranging from 60 to 200°C. The reaction may be performed with an amount of the long

chain alcohol corresponding to the amount needed for the degree of conversion desired

[00338] The PPDs according to the present disclosure may be employed alone, or they
may be used, in particular embodiments, in combination with one or more additives for
improving low temperature flowability and/or other properties, which are in use in the
art or known from the literature. Such additives may for example be oxidation
inhibitors, corrosion inhibitors, detergents, storage stabilizers, lubricity agents and other

pour point depressants.

10039] However, it is within the scope of the present disclosure that the PPDs of the
present disclosure may be combined with one or more other PPDs, For example, one
skilled in the art would appreciate that use of multiple PPDs may be particularly suitable
when treating fluids containing paraffin of wide ranging size (i.e., carbon length). Thus,
these other PPDs may be any compounds known by one with skill in the art to exhibit
pour point depressant properties. Such PPDs may include oligomers having molecular
weights' of 1,000 to 10,000, or polymers which have molecular weights greater than
10,000. In some embodiments of the present disclosure, such other PPDs may be
cthylene-vinyl acetate (EVA) copolymers, vinyl acetate-olefin  copolymers,
polyalkyl{meth)acrylates, alkyl esters of styrene-maleic anhydride copolymers, olefin-
maleic anhydride copolymers, alkyl esters of unsaturated carboxylic acid-olefin
copolymers, alkyl acrylate-alkyl maleate copolymers, alkyl fumarate-vinyl acetate
copolymers, alkyl phenols, alpha-olefin copolymers, alkylated polystyrenes, alkylated
naphthalenes, ethylene-vinyl fatty acid ester copolymers, or long-chain fatty acid

amides.

[0040] According to some particular embodiments, the PPDs of the present disclosure
may also be combined with one or more acrylate-ester polymers wherein a first portion
of the esters along the polymeric backbone includes Cjp- alkyl acrylates and a second
portion of the esters includes Cy4 alkyl acrylates. It is within the scope of the present
disclosure that these acrylate polymers may be a homopolymer having a portion of the

structural units along the formed polymer transesterified by an olefin-containing alcohol
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or a copolymer formed from two or more alkyl acrylate monomers. In a particular
embodiment, the polymers may be a transesterified poly(methyl acrylate) (or
transesterified poly(methyl methacrylate)) such that the resulting polymer is a methyl
acrylate-alkyl acrylate (or methyl methacrylate-alkyl methacrylate), Further, it is within
the scope of the present disclosure that any of the ester groups may be linear or
branched.

[0641] In particular embodiments of the present disclosure, the alky! groups of the alkyl-
acrylate polymers may comprise at least 12 carbon atoms. The alkyl groups may
comprise 12 to 40 carbon atoms in some embodiments of the present disclosure, and 20
to 60 carbon atoms in other embodiments. In other embodiments, the alkyl group of at
lcast one acrylate polymer 18 to 32 carbon atoms. In yet other embodiments, the alkyl

group of at least one acrylate polymer may comprise 18 to 28 carbon atoms.

[0042] Linear, saturated fatty alcohols of the chain lengths Cg to Cx may be obtained
from natural fats and oils by hydrolysis or methanolysis followed by hydrogenation of
the resultant acids or methyl esters. Even longer-chained, linear saturated fatty alcohols
Ca to Cyo are present in natural waxes, e.g. in beeswax or also in lignite waxes. Petro-
chemically linear, saturated fatty alcohols in the chain length range Cs to Cys may be
obtained by the Ziegler process from aluminium, hydrogen and ethylene, while by
cthylene polymerization and conversion of the obtained alpha-olefins, alcohols or acids

with chain fengths in the range Ca to Cep may be produced.

10043] The final alkyl-acrylate content of these acrylate-ester polymers may range from
about 45 to 90% of Ciz+ alkyl acrylate, with a balance of 10 to 55% of methyl acrylate
(or other Cy.4 alkyl acrylate or C.4 methacrylate) in some embodiments, and from 30 to
70 % of Cia: alkyl acrylate, with a balance of 30 to 70 % of methyl acrylate (or other
C14 alkyl acrylate or Ci4 methacrylate) in other embodiments, Thus, for a polymer
produced from a transesterification of poly(methy! acrylate) by a long chain alcohol, the
conversion from methyl to long chain alkyl ranges from 30 to 90% of the structural

nnits.

il
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alpha-olefin 1000 Oil 3 Sasolwax 5803-5805 '

WO 2010/003892 PCT/EP2009/0583%4

[0044] Further, in some embodiments of the present disclosure, these acrylate-ester
polymers may have a weight average molecular weight of at least 5000 in some
embodiments of the present disclosure, and from 40.000 to 250.000 in others. The
acrylate polymers may be prepared by any of the methods known by one with skill in

the art and typically by transesterification reaction described above.

[0045] Additionally, methyl acrylate-ethoxylated alkyl acrylate polymers or methyl
acrylate-hydroxy alkyl acrylate polymers (similar to the acrylate polymers described
above) may also be used as additives to further improve the efficiency of the PPDs of

the present disclosure,

[0046] Generally, each other PPD may be added in a concentration of at least 50 ppm in
some embodiments, and in a concentration of from 250 and 5000 ppm in other

embodiments.

[0047] In yet other embodiments of the present disclosure, the total concentration of
PPDs ranges from 250 to 6.000 ppm, or even higher depending on the paraffin content
and n-paraffin carbon number distribution of the fluid under investigation. In other

embodiments, the PPD may fange from 5060 to 2.500 ppin.

[0848] The PPDs of the present application may be added to the paraffin-containing
fluids at a temperature higher than the Wax Appearance Temperature (WAT) of the
paraffin-containing fluid, which is defined as the temperature at which the wax starts to
precipitate. Indeed, to achieve maximum efficiency, the PPD copolymers and/or
polymers should be added before the fluid reaches the WAT so that the PPDs are

already dissolved in the fluid when the paraffins start to crystallize.

10049] Further, a particular embodiment of the present disclosures is directed to methods
of improving the cold flow properties of a paraffin-containing fluid which comprises
admixing with the fluid at least 250 ppm of a copolymer, said copolymer comprising
about 20 wt% of vinylpyrrolidone and about 80 wi% of Csp alpha-olefin,

[0050] EXAMPLES
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[8051] The present disclosure is further exemplified by the examples below which are
presented to illustrate certain specific embodiments of the disclosure but are not

intended to be construed so as to be restrictive of the spirit and scope thereof,

[6852] Examples 1 and 2 - Two different tests were applied to study the efficiency of a

vinyl pyrrolidone-Csq alpha-olefin copolymer and of acrylate polymers as PPDs:

A. Pour point measurements were performed to evaluate the lowest
temperature at which a movement of the treated oils was observed. The method used to
measure the oils’ pour points was the manual tilt method. The pour point of a sample of
crude oil is the temperature at which the sample ceases to flow. To measure the pour
points of synthetic and natural crude oils, a sample (~ 42 mL) of the oil under
investigation was first heated at a temperature above that of the wax appearance
temperature, i.e. 65°C, poured into a glass cylinder, and closed with a tap having &
thermometer inserted therein. As the sample cooled, the sample was tested for
movement every 3°C by tilting the cylinder. When movement of the sample stopped
completely, 3°C were added to the measured temperature and this recalculated value
was taken as the pour point. The same test was used to quantify the paraffin inhibition - -

activity of the pour point depressants of the present disclosure on the oils under study.

B. Viscosity (1) of the treated oils, measured as a function of the temperature.
The viscosity data were measured during a controlled cooling process (2°C/min) by a
MCR100 Physica Rheometer (Device: MCR100 SN743426, COM 1 = 38400, n, 8, 1, x;
Measuring system: ST24/PR-A1; TU: TEZ 150P-C).

[6053] Example 3 ~ Effect of a vinylpyrrolidone-Csy alpha-olefin copolymer and of

acrylate polymers on synthetic oils

[0054] Three synthetic oils (Oil 1, Oil 2 and Oil 3) were used to evaluate the cold flow
performance of a vinylpyrrolidone-Cse alpha-olefin copolymer and of acrylate

polymers.

10055] Methyl acrylate-alkyl acrylate polymers with long-branched-alkyl side-chains (R)

were synthesized by transesterification reaction (Scheme 1 below) between

13



61 3 WO 2010/003892PCT/EP2009/058394 100641From this data, the first observation is that the
methyl acrylate-branched C12-32 alkyl acrylate polymer showed no effect as PPD of any of the
synthetic oils under study. Indeed, for each oil, no variation in the pour point was observed. This may
be explained"hy HHEHEEhat to obtain a maximum depressant effect, the FEIVHRBIOSRE IR present a
cloud point close to the oil wax appearance temperature and a melting point close to the paraffins in
the oils. This is not the case of the branched acrylate-ester polymer, which has a lower melting point
than the paraffin in the synthetic oils, and has also lower cloud and pour point than the wax
appearance temperature of Oils 1-3. Therefore it can be concluded that branching in the alkyl
side-chains of acpyate;esiar ROTELSIVE, ;@rﬁrﬁuwgwoﬁun'{ﬁw 9@9%@%@9&&5@9&%@9651'n the
case of the methyl acrylate-linear alkyl Cl; acrylate polymers, the length of the al (}/I side-chains was
shown to have a R‘éﬂffﬁﬂu%%?cédafw@h@ubem'fhp@mﬁ%ﬁfre%%}’éﬁt ! | RAdErTey Tadshown in

table 1) was that tttgamlymﬁr@ wmﬁamt@mgeﬁl sidesphainsorsush assmetiytactyiaterhydadiaear
C18-28 alkyl acryla mers et Argt -89% linear C 8-28 aIkyI ate polymers, where
more efficient to treagﬁ Fgﬂ? (]J%}%gcg §con gfﬁtécdil{h |Iaimu e pof%!me spwl%ﬁl FOnger alkyl
groups, such as nhbthytdenplate-finedrd@ig: 3% athyliacryiatepolyier siethdnmatigdrecrzdatednear
C20-30 alkyl acryﬁ@&p&@gqgr&wg&wgg&%&%go treat the C25- 40 n-paraffins of Oil 2.
[00661Furthermoré, Oil 2 treated with the vinylpyrrolidone-C30 alpha-olefin copolymer experienced
very high pour point variations. By contrast, thesarea®f interaction of the copolymer with the
n-paraffins of Oil 1 and Oil 3 is smaller, and this is reflected in the lower observed variation in the pour
point value. [0067]Th is clear that thwln%ﬁyrrohﬁtmne -C30 ha olefin copolymer reduced wax
deposition in' ?ﬁ_@%a% H% “Hdw is Copplymer was mbre' EfdIERE GVer high fibiEtular
weight C30-55 n- p§raﬁ|ns (Oli’lzji‘Thus copelymera@aymg long alkyirs"fﬁe chalrjﬁ‘ﬁay be the most
effective in decreasfng the poE@r point of oils with highersmalecular Weﬁght paraffiis such that contained
in Oil 2. This is the ©ase of thexWO 2010/003892PCT/EP2009/0583%vmylpyrm)lldone -C30
alpha-olefin copolymer ang its 1- trlcosene (CBO alpha olefin) moiety. 1006810il 3 contained both
light-medium and he., e resulting variations of pour point was not
as significant as that g - R ation of this result is hypothesized to be
that the vinylpyrrolidane-C30.alpha- (P)Ie'nf?g QQ@QJymer aranethyl acrylate-57% linear C18-28 alkyl
acrylate polymer mainly interacts wigt the heavier dlecular weight paraffins and not with the lighter
molecular weight paraffins. [0069]To verify this hypothesis, the synergistic/antagonist effects of
combining various (co)polymers on the cold flow performance were investigated. Because Oil 3 (with
28.8 wt. % wax content) was a combination of the synthetic waxes contained in Oil 1 and Oil 2, i.e. it
contained[b@ﬁlﬁ}lighter a&uﬂhbeamhm@kﬂuiammg;bmmﬁag‘ﬁﬂﬁh&rﬂ?%tufﬁ@faﬂt@ylﬂyémlﬁﬁﬁm@30
alpha-olefin copol /mer an of 57% Ilne rcil m?(:a%%ate e%toenr 2@ mer (tgg moI uti Welght
(co)polymer) was fied f%’]%reafztsdl 3. O %ﬁ e viny ha-ole ymer fand the

pyrroF one-
57% linear C18-28antttelassyéripolpbnaie récabicle d togethigr: toTti)ql @aﬁf@mmm@mné ofitl000 ppm

and 500 ppm respaesively [QRT hedeputsohthene Retipents Arershawtin T ahie 2. gl Table 2

Synthetic oil characteristics Paraffin inhibitor Treated oil Name Paraffin type Paraffin content (%)
were added to the solution of poly(methytacrylate) in toluene i the amount of 0.75

cquivalents,

[6057] Alcohols such as Cis.300H, 89% lincar Cis80H, Co0.320H and Cag30OH, with
higher percent lincarity than 57% linear Ciz.930H, required higher amount of catalyst
NaOCH; for obtaining higher percent conversion to the acrylate ester polymers. For
instance, 11% increase in conversion was cbserved when the amount of NaOCH; was
increased from 0.4 to 1.4 wt% (based on the amount of linear alcohol) in the reaction of

poly(methylacrylate) with Cig.2,0H.

Scheme 2
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Solvent Pour point (C) Addition rate (PPR)) Pour point (C) Pour point variation (C) Oil 3 SASOLWAX(r)
5803-5805 + SASOLWAX(r) C-80 14.4 1- 14.4 Decane 64 500 of methyl acrylate-57% linear C IB-28

alkyl acrylate-ester + 1000 of VP-00 alpha-olefin 15 49
WO 2010/003892 PCT/EP2009/058394
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{0058] The synthetic oils were made up by mixing independently various synthetic n-

paraffins in the appropriate solvent mixture that reproduces crude-oil solvent conditions.
Thus, Oil 1 contained 14.4 wt% of wax, a 50:50 mixture of SASOLWAX® 5803 and
SASOLWAX® 5805 (i.e. SASOLWAX® 5803-5805) both available from Sasol Wax
GmbH (Hamburg, Germany), in decane. Oil 2 contained 14.4 wt% of wax,
SASOLWAX® C-80 available from Sasol Wax GmbH (Hamburg, Germany), in
decane. Oil 3 was a mixture of 14,4 wt% of SASOLWAX® 5803-5805 and of 14,4 wt%
of SASOLWAX® C-80 in decane. The use of other solvents than decane such as

kerosene did not influence on the pour point values,

6059} As shown in Figure 1, Oil 1 mostly contained light-medium molecular weight n-
paraffins having a carbon content of from 20 to 40 carbon atoms. Oil 2 mostly
contained heavy molecular weight n-paraffing having a carbon content of from 30 to 55

carbon atoms. Oil 3 contained both types of paraffins.

[0060] - The pour points of Oil 1 and Oil 2 were 33°C and 57°C respectively, while Oil 3
had a pour point of 64°C.
[0061] A, Pour point measurements
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[0072]Synergistic effects of both PPDs were observed on the pour point depression of Oil 3. The pour
point of Oil 3 decreased from 64C to 15C, which was a larger WO 2010/003892PCTIEP20091058394
variation than that observed when treating Oil 3 with only a vinylpyrrolidone-C30 alpha-olefin
copolymer or'84netiEetylate-57% linear C18-28 alkyl acrylate polymer. RGRIEPP¢#ASEER concluded
that a high-molecular weight polymer such as a methyl acrylate-57% linear C18-28 alkyl acrylate
polymer seemed to prevent the deposition mainly of the lighter molecular weight n-paraffins
(SASOLWAX(r) 5803-5805). Lower molecular-weight polymers like vinylpyrrolidone-C30 alpha-olefin
copolymer appeared to have enough molecular volume to prevent the deposition of the high molecular
weight n- ins (SA X 0, G- 7 %}% Viscosity measurements,100741The evolution of
the viscosﬂfﬁyb%?%ils 1 i%é%g’é’é&gﬁ%%ﬁ%%gfg Y Ber?% %ﬁ%%@fg;}?ﬁo‘ﬁ%en%s%% aa?B %e-rbteg%l%ncopolymer
or of methyl acrylaféuimeza0c DA0g kynderyhatduse et adsinvestigated. [0075]Figures 2 and 3 show
the viscosijty behavior of the treated Oils 1 and 2 as a function of the temperature. Based on these
viscosity-t ?Jgrature PIRALCTHE pcbs SRS iBresiars sow s weblaitssiienced significantly by the
length of the alkyl side-chains (R) in the (co)pol%réslunder study. Viscosity variations followed similar
patterns to those observed for the pour point measurements. Thus, the polymers with shorter alkyl
side-chairs (FEHR @RigE-57%0 fimear C13'288?'ihx53ﬁk"6§1i&iﬁ'rh’éiy%iﬁ'sb and-methyt-acpyjaierggvtinear
C18-28alkyl'acrylate polymeNginearg more gfficient to tiepi i, 020-35 N-paigiinscRntpingd piRil 1,
and consequénity reduce its viseosity {Gee Figllj?'éd%‘? On thet@onirasyepolymens Wighdongeapapdent
groups,.such as methyl actyldpedinear C20-80 a Ul acrlat@polymers and vit®)lpyrfitidone-C8D
alpha-éf@ﬁﬁ’%’é%‘éif&?mgﬂ were mape efficient o decrease the viscqsity of Ojl 2 (Seg Figurte 3).1g
[0076]Exaﬁ1§§’ﬁé°jf]f!:_ff§cf £ a-virylpyirrolidone-C30 alphp-olefin cppolymet and of-acrylate polymers on
various natural 0%112_33;, i [PO7APPhe target natural crudé oils are bils from fields in Sadan (Palouge),
Sudan (Adar), Vigteam.roatie; Argola, Ivory Coast and Malaysja. As illystratedfin-Figure4;these
crude oils contdira sigrificant ffount of high moleculay weight n-paraffins with Wép 13
2010/0e8882PCT/HR2009/058394 a c%;ppn comigntof more than %C(a:gerbon toms.whi¢ch Is flected
in theirdighrpourpeirldiyes of 21-73C. [0Q781R-$86%r|point measurements [0079]Thelcrude oil
samplgé%g}ere tretediiith| 109652500 ppm of the vinylpyrrolidong- C30 alpha-olegfimgopolymgy or
acrylgltcc'ﬁo‘i?rsnefsqééec%ru.. g-to-thepiesent gpplication. {00801 The results;of the experimentsare—

ipear

shown in Table|3helqyy, Fablé @0 Paraffin inhibitor Crugle oil chayacteristics Treatedil |Type7Addition

20-32

rate (Pim) Namg WAL

Cospalkyl | 1000 27 6

Viny;?pyrhz‘fgi%‘f'c” 250-1000 <0 57
é’i‘;{’;gl 1000 57 0
TR

I;“;ﬁ;ﬁ C{:f:iyl 1000 | Oil2 S"*g‘flg"(‘)’ax 144 | Decane | 57 | 42 15
63 &

sid:i{g;ins ?Zglgf;;;;rl 1000 57 0
Cgiie:l];(yl 1000 57 0
cmlze;rkyl 1000 35 2

Viny;?zﬁ?gi%ie—(?go 1000 Sasolwax 38 26

1;‘\0({3;?2; é){ilzc;xgg 1 1000 oil3 5 803;5805 11_4 becane 64 6-4 .

Sasclwax 144

_dalklyi‘ S7%linear | o0 C-80 61 3
Sile-Chains 013-2.8 alkyl
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(C) Pour point (C) Pour point (C) Pour point variation (C) Acrylate polymers alkyl side-chains branched
, C12-32 alkyl 2500 Sudan (Palouge) 86 42 42 0 57% linear C18-28 alkyl 2500 39 3

WO 2016/003892 PCT/EP2009/058394

[0064] From this data, the first observation is that the methyl acrylate-branched Cjo.3
alkyl acrylate polymer showed no effect as PPD of any of the synthetic oils under study.
Indeed, for each oil, no variation in the pour point was observed. This may be
explained by the fact that to obtain a maximum depressant effect, the polymers should
present a cloud point close to the oil wax appearance temperature and a melting point
close to the paraffins in the oils. This is not the case of the branched acrylate-ester
polymer, which has a lower melting point than the paraffin in the synthetic oils, and has
also lower cloud and pour point than the wax éppearancc temperature of Oils [-3.
Therefore it can be concluded that branching in the alkyl side-chains of acrylate-ester

polymers will generally show minimum depressant effects,

[0065] In the case of the methyl acrylate-linear alkyl Cio- acrylate polymers, the length
of the alkyl side-chains was shown to have a marked influence on the pour point
depressibn. The general tendency (as shown in table 1) was that the polymers with
shorter alkyl side-chains, such as methyl acrylate-57% linear Cisas alkyl acrylate
polymers and methyl acrylate-89% lincar Cis.oz alkyl acrylate polymers, where more
efficient to treat the lighter Copss n-paraffins contained in Qil 1, while polymers with
longer alkyl groups, such as methyl acrylate-linear Cis.3; alkyl acrylate polymers and

~methyl acrylate-linear Cao.3p alkyl acrylate polymers were more efficient to treat the Cos.

40 #-paraffins of Oil 2.

{0066} Furthermore, Oil 2 treated with the vinylpyrrolidone-Cso alpha-olefin copolymer
experienced very high pour point variations. By contrast, the area of interaction of the
copolymer with the n-paraffins of Oil 1 and Oil 3 is smaller, and this is reflected in the

lower observed variation in the pour point value.

10067] Thus it is clear that the vinylpyrrolidone-Csq alpha-olefin copolymer reduced wax
deposition in Oil 1, Oil 2 and Gil 3. However, this copolymer was more efficient over
high molecular weight Csg.ss n-paraffins (OQil 2). Thus, copolymers having long alkyl
side-chains may be the most effective in decreasing the pour point of oils with higher

molecular weight paraffing such that contained in Oil 2. This is the case of the
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Acrylate polymers alkyl side-chains branched , C12-32 alkyl 1000 Sudan (Adar) 68 39 39 0 57% linear
C18-28 alkyl 1000 390

WO 2010/083892 PCT/EP2009/058394

vinylpyrrolidone-Csg alpha-olefin copolymer and its 1-tricosene (Cso alpha-olefin)

moiety.

[0068] Qil 3 contained both light-medium and heavy molecular weight paraffins, and the
resulting variations of pour point was not as significant as that observed for Oils 1 and
2. The explanation of this result is hypothesized to be that the vinylpyrrolidone-Csp
alpha-olefin copolymer or methyl acrylate-57% linear Cizos alkyl acrylate polymer
mainly interacts with the heavier molecular weight paraffins and not with the lighter

molecular weight paraffins.

[0069] To verify this hypothesis, the synergistic/antagonist effects of combining various
{cojpolymers on the cold flow performance were investigated. Because Oil 3 (with 28.8
wt. % wax content) was a combination of the synthetic waxes contained in Qil 1 and Oil
2, i.e. it contained both lighter and heavier molecular weight paraffins, a mixture of
vinylpyrrolidone-Cso alpha-olefin copolymer and of 57% linear Cis.s acrylate-ester

polymer (high molecular weight (co)polymer) was tried to treat Qil 3.

[6070] The vinylpyrrolidone-Csy alpha-olefin copolymer and the 57% linear Cigpg
acrylate-ester polymer were added together to Oil 3 in concentrations of 1000 ppm and
500 ppm respectively.
[6671] The results of the experiments are shown in Table 2 below,
Table 2
Synthetic oil characteristics P ar:at.'ﬁn Treated oil
inhibitor
Paraffin Pour Addition rate Pour | Pour point
Name Paraffin type content Solvent | point (opm) point variation
(%) ) PP O | o
500 of methyl
SASOLWAX® acrylate-37%
5803-5805 14.4 linear C .24 alkyvi
0Oil 3 + + Decane 64 acrylate-ester 15 49
SASOLWAX® 14.4 +
C-80 1000 of VP-Cy
alpha-olefin
j0072] Synergistic effects of both PPDs were observed on the pour point depression of

01l 3. The pour point of Oil 3 decreased from 64°C to 15°C, which was a larger
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Acrylate polymers alkyl side-chains branched C12-32 alkyl 1000 Vietnam 66 36 36 0 57% linear
C18_28 alkyl 1000 360

WO 2016/003892 PCT/EP2009/058394

variation than that observed when treating Oil 3 with only a vinylpyrrolidone-Cs, alpha-
olefin copolymer or a methyl acrylate-57% linear Cyg.05 alkyl acrylate polymer, Thus, it
may be concluded that a high-molecular weight polymer such as a methy! acrylate-57%
linear Cys.ps alkyl acrylate polymer seemed to prevent the deposition mainty of the
lighter molecular weight n-paraffins (SASOLWAX® 5803-5805). Lower molecular-
weight polymers like vinylpyrrolidone-Csg alpha-olefin copolymer appeared to have
enough molecular volume to prevent the deposition. of the high molecular weight -

paraffins (SASOLWAX® C-80).
[0073] B. Viscosity measurements

[0074] The evolution of the viscosity of Oils 1 and 2, each containing 1000 ppm of
vinylpyrrolidone-Csg alpha-olefin copolymer or of methyl acrylate-linear Cip- alkyl

acrylate polymer, was investigated,

[0075] Figures 2 and 3 show the viscosity behavior of the treated Qils 1 and 2 as a
function of the temperature. Based on these viscosity-temperature plots, the viscosities
of Oils 1 and 2 were also influenced significantly by the length of the alkyl side-chains
(R) in the (co)polymers under study. Viscosity variations followed similar patterns to
those observed for the pour point measurements. Thus, the polymers with shorter alkyl
side-chains (methyl acrylate-37% linear Cigos alkyl acrylate polymers and methyl
acrylate-89% linear Cis.p5 alkyl acrylate polymers, were more efficient to treat the Cagas
n-paraffins contained in Qil 1, and consequently reduce its viscosity (See Figure 2). On
the contrary, polymers with longer j)endent groups, such as methyl acrylate-linear Cyp.30
alkyl acrylate polymers and vinylpyrrolidone-Cso alpha-olefin copolymer, were more

efficient to decrease the viscosity of Oil 2 (See Figure 3).

[0076] Example 4 —~ Effect of a vinylpyrrolidone-Cy alpha-olefin copolymer and of

acrylate polymers on various natural crude oils

[0077] The target natural crude oils are oils from fields in Sudan (Palouge), Sudan
{Adar), Vietnam, Croatia, Angola, Ivory Coast and Malaysia. As illustrated in Figure 4,

these crude oils contain a significant amount of high molecular weight n-paraffins with

19



Vinylpyrrolidone-C30 alpha- olefin 1000 Croatia - 33 13 20 Acrylate polymers alkyl side-chains
branched , C12-32 alkyl 1000 33 0 57% linear C18-28 alkyl 1000 20 13 linear C18-32 alkyl

WO 2010/063892 PCT/EP2009/0583%4

a carbon content of more than 25 carbon atoms which is reflected in their high pour

point values of 21-73°C.

[06738]

A. Pour point measurements

[0079] The crude oil samples were treated with 1000-2500 ppm of the vinylpyrrolidone-

Cso alpha-olefin copolymer or acrylate polymers according to the present application.

[0080] The results of the experiments are shown in Table 3 below,
Table 3
Paraffin inhibitor Crude oil characteristics Treated oil
Addition WAT Po‘llg Pour Pom: pfnnt
Type rate Name o point s e variation
(ppm) CO | co |[PMCO] g
Acrylate branched Sudan
polymers Ci2.32 alkyl 2500 86 42 42 0
alkyl 57%lincar |, .~ | (Palouge) 39 ;
side-chains | Cigos alkyl
Acrylate branched
polymers Cia.3 alkyl 1000 Swdan 68 39 39 0
alloyl 57% hinear 1000 (Adar) 39 0
side-chains | Cigos alkyl
Acrylate branched
polymers Ciaa alkyl 1090 Vietnam 66 36 36 0
alkyl 57% linear
side-chains Cigos alkyl 1000 36 0
melpyrroiﬁiec;alf—cgg alpha- 1000 13 20
branched
Ciaz alkyl 1000 33 0
0, M -
é?g’i’:;?;;‘i 1600 20 13
I‘f‘o‘;}‘yrﬁ; cjfiﬁm 1000 | Croatia | - 33 27 6
alkyl 89% linear
side-chains | Cigngalkyl | 1000 = 12
linear
Cozz alkyl 1000 22 11
linear
Canzo alkyl 1000 25 8
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1000 27 6 89% linear C18-28 allcyl 1000 21 12 linear, C20-32 alkyl 1000 22 11 linear, C20-30
alkyl 1000

WO 2010/003892 PCT/EP2009/0583%4

melpyrroi;iclc;rifnc_;g alpha- 1000 66 7
Acrylate branched Ivory
polymers Cyz.32 alkyl 1000 Coast ) 73 3 0
alkyl 57%linear
side-chains Cigas alkyl 1000 73 0
melpyrmﬁi{ﬁlﬂ@@m alpha- 1000 55 7
| ;‘;}ﬂfﬁ’s cﬁiﬁ?ﬁ% 1000 | Angola | - 32 3 0
alkyl 57% lincar
side-chains | Cgosalkyl | 1000 4 28
Acrylate branched
polymers Crap aliyl 1090 Malaysia 24 21 - °
alkyl 57% lincar 1000 Y - 9 0
side-chains | Cjgog alkyl '
[0081} None of the crudes experienced any pour point variation when they were treated

with the metyl acrylate-branched Ci2.3 alkyl acrylate polymer, as previously observed
for synthetic oils in Table 1.

[6082] Almost no variation in the pour point was observed when the methyl acrylate-
57% linear Cis.s alkyl acrylate polymer was used in the treatment of Sudan-Palouge,
Sudan-Adar and Vietnam crude oils, even at concentrations as high as 2500 ppm. The
results may be explained by the high proportion (26-44%) of Cys. n-paraffins present in

these crude oils.

[0083] Croatia and Ivory Coast crude oils possess an important amount, 22 % and 59 %
respectively, of high molecular weight r-paraffins with carbon numbers between Cy
and Css. Therefore, a PPD with long-alky] side-chains such as vinylpyrrolidone-Cig
alpha-olefin copolymer or methyl acrylate-57% linear Cigos alkyl acrylate polymer
should be more efficient in inhibiting wax deposition and this is reflected in the pour
point variation valucs obtained, particularly for Croatia. However no variation or very
little was observed for the treated Ivory Coast crude oil. This might be explained by the

possibility that the area of interaction of the vinylpyrrolidone-Csy alpha-olefin
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258 WO 2010/003892PCT/EP2009/058394 Vinylpynplidone-C30 alpha- olefin 1000 Ivory Coast 73
66 7 Acrylate polymers alk-yl side-chains branched , C1 2-32alkyl 1000 73 0 57%linear C18-28 alkyl

1000
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copolymer or the methyl acrylate-57% linear Cis.05 alkyl acrylate polymer with the n-

paraffins in the crude does not include Cso+ linear paraffins.

[6084] In the case of Angola and Malaysia crude oils, the methyl acrylate-57% linear Cis.
28 alkyl acrylate polymer exhibited a high efficiency in inhibiting paraffin deposition.
In the case of Angola crude oil, the vinylpyrrolidone-Csy alpha-olefin copolymer did not
exhibit a high efficiency in inhibiting paraffin deposition. In particular, when 1000 ppm
of the copolymer were added to the Angola crude oil, the pour point decreased from
32°C to 25°C. By contrast, when 1000 ppm of the methyl acrylate-57% linear Cis.as
alky] acrylate polymer were used to treat the Angola oil, an important variation in the
pour point from 32°C to 4°C was observed. So {co)polymers with shorter alkyl side-
chains (Cigps) than the vinylpyrrolidone-Csg alpha-olefin copolymer were the most
effective in decreasing the pour point of oils with lighter r-paraffins such as Angola
crude oil. A lower, but still important variation of 12°C in the pour point was observed
when the Malaysia oil was treated with 1000 ppm of the methyl acrylate-57% linear
Cis.2s alkyl acrylate polymer.

[0085] B. Viscosity measurements

[0086] The viscosities of Sudan-Palouge (See Figure 5), Sudan-Adar (See Figure 6) and
Vietnam (See Figure 7) crude oils treated with the methyl acrylate-branched Ciz2.32 alkyl
acrylate polymer or the methyl acrylate-57% linear C)s.05 alkyl acrylate polymer were
measured as a function of the temperature. The viscosity of Sudan-Adar experienced
some variation only when the crude oil was treated with 1000 ppm of the methyl
acrylate-57% lincar Cisos atkyl acrylate polymer. The methyl acrylate-branched Cio.a2
alkyl acrylate polymer showed no improvement on the viscosity, and neither on the

pour point depression of any of these crudes, as previously stated.

|6087] When Croatia crude oil (See Figure 8) was treated with the vinylpyrrolidone-Csp
alpha-olefin copolymer, 57% linear Ciz.32 alkyl acrylate polymers, the methyl acrylate
linear Cy.3; alkyl acrylate polymer and the methyl acrylate-linear Cyg 30 alkyl acrylate

polymer were the ones which showed the highest viscosity variations, most probably
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73 0 Vinylpyrrolidone-C30 alpha- olefin 1000 Angola - 32 25 7 Acrylate polymers alkyl side-chains
branched, C12-32 alkyl 1000 320 57% linear C18-28 alkyl 1000 4 28

WO 2010/003892 PCT/EP2009/0583%4

due to a better match between the pendent chains of these {co)polymers and the »-

paraffin distribution of the Croatia oil.

[0088] In the case of Malaysia (See Figure 9), the methyl acrylate-57% linear Cig.pg alkyl

acrylate polymer was the most efficient in reducing viscosity as well as pour point.

[0089] To summarize, the efficiency of the vinylpyrrolidone-Cso alpha-olefin copolymer
and of the methyl acrylate-57% linear Cig0s alkyl acrylate polymer as PPD of natural
crude oils containing Cas+ n-paraffins was clearly demonstrated. However, good results
obtained on synthetic crude oils could not always be translated to natural crude oils.

© Other unknown factors such as the presence of asphaltenes, branched paraffins,
isoparaffins and aromatic compounds (cycloparaffins, naphthalenes) in these crude oils

might explain the different results obtained after the treatments.

[009()] Advantageously, embodiments of the present disclosure may provide for at least
one of the following. Methods of the present disclosure allow for efficient treatment of
fluids containing significant amounts of heavy linear paraffins with more than 25 carbon
atoms such that wax deposition is inhibited. Thus, use of the PPDs of the present
disclosure may provide cost effective performance in a wide range of crude oils and
applications. Because the tendency towards wax crystallization increases with the
content of large linear alkanes (> CigHag) in paraffin-containing fluids, the development
of the pour point depressants of the present disclosure may broaden the range of carbon
chain lengths for which a pour point depressant is cffective, thus counteracting the
problems caused by paraffin waxes, an issue of significant impostance for the oil
industry. Further, because production of crude oils with high proportions of Cos.
paraffins is increasing due to high oil prices, which induce the exploitation of marginal
reserves and to advancements in production technology, which enable the production of
heavy crudes and turn the dwindling reserves into viable production sources, the pour

point depressants of the present disclosure may have even greater applicability.

[0091] While the invention has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will appreciate

that other embodiments may be devised which do not depart from the scope of the
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Acrylate polymers alkyl side-chains branched C12-32 alkyl 1000 Malaysia 24 71 21 0 57% linear
C18-28 alkyl 1000 9 12 [0081]None of the crudes experienced any pour point variation when they
were treated with the metyl acrylate-branched C12-32 alkyl acrylate polymer, as previously observed
for synthetic Bif3 39821, [00821AImost no variation in the pour point wBST8ER¥P&H3R4en the methyl
acrylate- 57% linear C18-28 alkyl acrylate polymer was used in the treatment of Sudan-Palouge,
Sudan-Adar and Vietnam crude oils, even at concentrations as high as 2500 ppm. The results may be
explained by the high proportion (26-44%) of C25-, n-paraffins present in these crude oils.

invention as disclosed herein. Accordingly, the scope of the invention should be limited

only by the attached claims.
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[0083]Croatia and Ivory Coast crude oils possess an important amount, 22 % and 59 % respectively,
of high molecular weight n-paraffins with carbon numbers between C30 and C55. Therefore, a PPD
with long-alkyl side-chains such as vinylpyrrolidone-C30 alpha-olefin copolymer or methyl
acrylate-57% linear C18-28 alkyl acrylate polymer should be more efficient in inhibiting wax deposition
and this is reflected in the pour point variation values obtained, particularly for Croatia. However no
variation or very little was observed for the treated Ivory Coast crude oil. This might be explained by
the possibility that the area of interaction of the vinylpyrrolidone-C30 alpha-olefin WO
010/003892PCT/EP2009/058394 copolymer Qfﬂﬁmhyl acrylate-57% linear CI8-28 alkyl acrylate
polymer with he n-paraffins in the crude does not include Cso+ linear paraffins. 100841In the case of
Angola and Malaysia crude oils, the methyl acrylate-57% linear C18_ 28 alkyl acrylate polymer
exhibited alhigh stibrshed immrhiisines sald it epesiis. ahaneedis orritgttdeBing
vinylpyrrolidon@ag.%gn@ﬂmaﬁgk@sﬁ n&eRolymedic natexbibitmiieh, efficianey, iminhikitingmparafin
deposition, In particular, when 10Q0 ppm of the co dolymer. were added to the Angola crude olil, the
pour point decredSEa BRI Rl L ?%%%M?%§, WHER'1800 ppm of the methyl acrylate-57% linear
C18_28 alkyl adiylatexpalyniepareférusedatoitgettithes Affgoiaciipamimportmet wasiatopiiitise pour
point from 32C to 4C was, 9%?«?“{1%%0%&@% )polymers with shorter alkyl side-chains (C18.28) than the
vinylpyrrolidone-C30 aﬁpha-o efin copolymer were the most effective in decreasing the pour point of
oils with lighter n-par&ffizrsheiienliad mapeReErude oil. A lower, but still important variation of 12C in the
pour point was observed when the Malaysia oil was treated with 1000 ppm of the methyl acrylate-57%
linear C18-2s alkyhaanglate priymer«R08a]B. Miscosity mecesyteyeriis 0086 Tingl vigposities of

Sudan-Palouge (See Figure.5), Sudan-Adar (See Figure 6) and Vietnam (See Figure 7) crude oils
treated with thé" éﬁlé)fﬁif/rl igglrﬁ}é eb-}’kg%cn%ﬁfgg %li ' % 1a kyl acrylate polymer or the methyl acrylate-57% -

linear C18-28 alkyl acrylate polymer were measured as a function of the temperature, The yiscosity of
Sudan-Ada?-exiErigrted niEarhBhesHR HheRHe e eSS fretedivittrd 6 parm(%f the
methyl acrylatgraéfiedimear C18-28 alkyl acrylate polymer. The methyl acrylate-branched C12-32 alkyl
acrylate polymer showed no improvement on the viscosity, and neither on the pour point depression of
any of thesg crygles, &% BIEMIaUAY o'3led. 008 LHMAEN Cioata aiile Ah(Sae FigureBhiaa reated
with the vinylpyrrolidone-C30 alpha-olefin copolymer, 57% linear C12.31 alkyl acryTate polymers, the
methyl acrylateftiséaradin. 32 alkyl acrylate polymer and the methyl acrylate-linear C20-30 alkyl
acrylate polymer were the ones which showed the highest viscosity variations, most probably WO
2010/100892 P T rR2009/068804 dubdeia Bett@pniateh betvwweenlyhempehaldrtahaind of tidse
(co)polymers a&gftltlle n-paraffin distribution of the Croatia oil. [00881In the case of Malaysia (See
Figure 9), the methyl acrylate-57% linear C18-28 alkyl acrylate polymer was the most efficient in
reducing viscosity as well as pour point. 100891To summarize, the efficiepcy, of the

vinylpyrrolidond ¥ 38Htph & ot copBRFRTE: gﬁ&%‘?%ﬁéﬁh@l%@@ﬁ&éﬁ b (s ?ffs%%fﬁyl
acrylate polymemas:in Ri9 et viaitifatrenseerilsi adintairingp G 2&eiraparaffins was clearly demonstrated.
However, good results obtained on synthetic crude oils could not always be translated to natural crude
oils. Other unkRgwn,faciersruGhas We-RIsRRR.Qf asihialienas sirpohed parafing. isepamaffins and
aromatic compounds (cycloparaffins, naphthalenes) in these crude oils might explain the different
results obtained ¥ar #3E HEEARRMEO0901Advantageously, embodiments of the present disclosure
may provide for at least one of the following. Methods of the present disclosure allow for efficient
treatment offluitts: cositeihiviocsignificaritcsrmotmt§of heawmlindak perafites witkehh dreaharrdBasarbon
atoms such thag wax deposition is inkifited. Thus, use of the PPDs of the present disclosure may
provide cost effective performance in a wide range of crude oils and applications. Because the
tendency towards wax, crystallization increases with the content of large linear alkanes.(> £181134) in
paraffin-containtig ALY (e fite oﬁ#f?ﬁfﬂ of tﬂ%‘céasﬁo%nrepcgﬁfgélﬁ}}ésgg n séeso%%% gfr’:{ée%t) gfs%ﬂjlgélure may
broaden the rangelipfcalidomn:chdiftlengthstforfidipbh-algour point depressant is effective, thus
counteracting the problems caused by paraffin waxes, an issue of significant importance for the oil
industry. Furifiefy, begause.prpgduciionefsrude Diswithhigh.prepostiensyol b doariafting isast
increasing due to high oil prices, which induce the exploitation of marginal reserves and to -
advancements it 6?%’&8%%Stechnology, which enable the production of heavy crudes and turn the
dwindling reserves into viable production sources, the pour point depressants of the present disclosure
may have even greater applicability. [00911While the invention has been described with respect to a
limited number of embodiments, those skilled in the art, having benefit of this disclosure, will
appreciate that other embodiments may be devisediwhich do not depart from the scope of the
invention as disclosed herein. Accordingly, the scope of the invention should be limited only by the
attached claims. CLAIMS 1. A method of improving the cold flow properties of a paraffm-containing
fluid comprising wax-containing oils, natural gas liquids, crude oil, shale oil, petroleum, and/or tar

sands oil, and/or mixtures thereof, wherein the method comprises: admixing with the
naraffin-containina flind an effactivve amoirint of 2 conolvvmaer comonricina: ovelic amide monomere and



2. The method of claim 1, wherein at least one of a vinyl pyrrolidone and vinyl caprolactain monomer
form the cyclic amide functionality. 3. The method of claim 1, wherein an alpha-olefin monomer forms
the long chain alkyl functionality. 4. The method of claim 1, wherein an esterified ester or amide fowls
the long chain allcyl functionality. 5. The method of claim I, wherein the copolymer is a copolymer of a
lactam and an alpha-olefin. 6. The method of claim 1, wherein the copolymer is a copolymer of a
lactam and acrylate, wherein the acrylate is transesterfied after the copolymerization. 7. The method of
claim 1, wherein the fluid contains high molecular weight linear paraffins with at least 20 carbon atoms.
8. The methodwf.claim.3.ovbgrsindheriuid cantains. high eleruaweiahblinearpamiiins wit at least
25 carbon atoms. 9. The method of claim 5, wherein at least one copolymer comprises from 20 to 50
Wt% of vinylpyORBAB 28550 to 80 wi% of alpha-olefin. 10. The method of claim 3, wherein the
alpha-olefin of at least one copolymer comprises at least 12 carbon atoms. 11. The method of claim
10, whereinl 2héladphetbolefri déiat leastatie topoirhercomprised 16 e B0aEbSHAMNST IRIThe

method of claing .. whareip the £oRQLRETs,As 4aedn LM RIRatiaNMih-A06; 05 Mstgethey RYUr point
depressants comprising at least one of ethylene-vinyl acetate ﬂ(}g’VA) copoI%rs, vinyl acetat%-olefin

copolymers, pSRRARTHet AR s lefite S BR L ré RS HHAILRERAT OIS c 8PSy TS ©
olefin-maleic aphydrideatopabin@ise alkydiesiats dbinsailatechgandexyiogeidrglefiylcapalyniers, alkyl

acrylate-alkyl maleate copolymers, alkyl fumarate-vinyl acetate copolymers, alkyl pheno a}gha—olefm
ec? ca EIC ac %/{I)WP% ﬁ%‘}%’fﬁgﬁr aeﬁ(ytfe ac; alx T mﬁgate. é:cg)solglf_ngobolymers’

a 1 OX S
copolymers, al%?fa?éra polystyre%es, glkyfaté ehes, ethylene-vinyl fatty aci t
or long-chain fatkylafickaanicla syl 8:cTite seathodef alkipbeveliedimhaidetopuiypharsraraliideddn

combination wifh, 0ne QM oie, ALY AR RRIRHPO YRGS My hﬁtmegaedeaép@aﬁa@ewb@fqm}gt least

one of the acrylate-ester polymers is a C1_4 alkyl acrylate-linear C12- alkyl acrylate polymer. 15. The
method of cIair?P&’E,fG\FFYe%%ﬁwang?ést one of the acrylate-ester polymers is a C1_4 alkyl acrylate-linear
C18_32 allcyl acrylate polymer. 16. The method of claim 15, wherein at least one of the acrylate-ester
polymers is1d Ohedmaikyti adrylate-linear€18:28 elkirrack tateupol ymermbihatipe wigtivod of okaim 1,
wherein the adE@%iQx%-@&% gl%%rgemperature higher than the wax appearance temperature of the
paraffin-containing fluid. 18. A'method of improving the cold flow properties of a paraffin-containing

fluid comprising: admixing with the fluid a polymer mixture comprising: a copolymer foinied fro
monomers 5?’&*&%%%9@8%81%}% 1&10%%??&5%8%%?%‘% f—ﬁg?‘fﬁ%ﬁtﬁa B %%fy%%redé‘rﬁp if;ng
monomers of metfiytaingtai@, andkyiengiaergodfractinear C1g_28 alkyl acrylate.

15. The method of claim 14, wherein at least one of the acrylate-ester polymers is a Cy4 alkyl

acrylate-linear Cyg3, alkyl acrylate polymer.

16. The method of claim 15, wherein at least one of the acrylate-ester polymers is a Ci.4 alkyl
acrylate-linear Cyg.25 alkyl acrylate polymer.

17. The method of claim 1, wherein the admixing occurs at a temperature higher than the wax

appearance temperature of the paraffin-containing fluid.

18. A method of improving the cold flow properties of a paraffin-containing fluid comprising;
admixing with the fluid a polymer mixture comprising:
a copolymer formed from monomers of vinylpyrrolidone and monomers of a Cjp. alpha-
olefin, and a copolymer comprising monomers of methyl acrylate and monomers of a

linear C;g.z¢ alkyl acrylate.
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