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Abstract

It was observed that crude oil contains wax which tends to solidify at
temperature 5-10 ºC. From the major problems arising through production,
transportation and storage of petroleum crude oil are wax and paraffin
depositions, and when the crude oil has a high content of n-Aliphatic
hydrocarbon chains that induce, by temperature change, crystallization of nparaffins, thus flow of crude oil becomes tough. Thus chemical additives have
been used to minimize the problems caused by the wax deposition and thusthe
paraffin crystals grow as the temperature decreases, thereby creating a
crystalline net which begins to trap the molecules of liquid hydrocarbon until
the oil cannot flow. Point depressants (PPDS)/ flow improvers are used as
chemical additives when transporting crude oils at temperature below their
wax appearance temperature (WAT). In this paper various types of pour point
depressant were studied.
1. INTRODUCTION
In the winters as the temperature decreases, the paraffin crystals grow creating a
crystalline net which begins to trap the molecules of liquid hydrocarbon until the oil
cannot flow [1–4]. The reduction in production, in terms of maintenance and removal
of deposits already formed is due to the paraffin deposition, and this increases the cost
of production and of transporting oil products and causes a number of handling
problems in regions where the temperatures are or become seasonally very low
[5,6].Due to paraffin deposits, once the crude reaches a temperature below its pour
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point it can’t be pumped or will not flow[7]. Thus we use chemical additives such as
pour point depressants (PPDs)/flow improvers (FIs), which lowers down the pour
point and hence transportation of crude oils at temperatures below their wax
appearance temperatures (WAT) becomes possible. Thus other than wax, the
constituents in the crude oil are asphaltenes, resins, lighter distillates, polar aromatics
etc. These constituents should also be considered as an important factor while
ascertaining the behavior of a crude oil. Asphaltenes are very large heterogeneous
molecules with condensed aromatic nuclei, which may associate to form colloidal
sized particles that strongly influence the viscosity of the oil medium and affect the
crystallization of the wax [8-11]. Many kinds of polymers are used as pour point
depressants to influence the behavior of the paraffin crystallites formation [12-14]. A
theoretical analysis explains the interactive mechanism, co-crystallization, nucleation,
or improved wax solubility and to improve the quality of the additives. The polymeric
compounds which are used as wax deposition inhibitors are constituted by a
hydrocarbon chain which provides the interaction between the additive and paraffin,
andthe wax crystals which is responsible for the morphology modification which is
necessary to inhibit the aggregation stage is a polar segment. Thus for this reason,
inhibitors are used as wax crystal modifiers. Several polymers have been evaluated as
wax crystal modifiers [15, 16].
Types of crude oil
Extra
light
Asphaltenes
wt %

content 0 < 2

Light
crude

Heavy
crude

Extra
heavy

< 0.1 - 12

11 - 25

15 - 40

The table above shows the asphaltenes content of different crude oil, hence different
pour point depressants will be required for treating different crude oils [17].
1.1 Poly(ethylene-co-vinyl acetate) (EVA)These are copolymers which is additive that can be used since they present a good
efficiency as crude oil flow modifiers and wax deposition inhibitor [18, 19].
According to Kumar’s investigation on pour point depressants [20], an efficient
polymeric additive for paraffin oils should be a linear polymer or copolymer that has
pendant hydrocarbon chain groups or a hydrocarbon chain is present in the polymeric
backbone. The polymer should have a sufficient number of pendant alkyl groups;
alkyl groups with sufficiently long chains; a convenient distance between the
hydrocarbon pendant chains; a medium molar mass; in the case of a copolymer, a
suitable ratio between the co monomers; a high stability of the additive and, the
amorphous or crystalline nature of the additive. An agent with following characteristic
is a good pour point depressant. The development of new additives that can solve or
minimize pour point of crude oil is of great interest for the petroleum industry in the
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whole world[20]. So emphasis was paid to synthesize polymeric grafts based on
ethylene acrylic acid copolymer (PEAA). The copolymer of ethylene acrylic acid,
PEAA, was esterified with 1-Docosonol to produce ester copolymer and the produced
ester was grafted with vinyl acetate monomer (30 %) to produce graft ester, PEAADcA-g-VA. Then the products were purified and characterized by FT-IR and
1HNMR. The behavior of crude oils was analyzed as flow improvers (rheological
measurements and pour point depressant) onto Khalda Petroleum Co. (KhPC),
Sumpetco and Salam Base crude oils. The shear rate-shear stress and shear rateapparent viscosity were measured at different concentration (from 500 to 3000 ppm)
and temperatures below, equal and above the pour point temperature i.e.15, 24 and
30ºC. And after thorough analysis, result was obtained. The evaluation of the
efficiency of the copolymers as pour point depressant for tested crude oil using 500 to
3000 ppm from the prepared samples was studied. The pour point measurement
showed good reduction of pour point temperature from 27 to 6 ºC depending on the
composition and location of tested crude oil. The results were shown that, the
prepared graft copolymers can be used as flow improvers [21-27].
1.2 Ethylene-co-vinyl acetate (EVA)It is a pour point depressant comprising of a thermoplastic polymer, in an aqueous
medium which provides a lower pour point in crude oils. It exists as a liquid over a
broad temperature range, and demonstrates long term stability to creaming, and a
method for the preparation of said pour point depressant composition. The present
invention relates to an aqueous pour point depressant dispersion composition
comprising a thermoplastic polymer, ethylene vinyl acetate (EVA); a dispersing
agent; water; optionally an aqueous freezing point depressant; and optionally a
stabilizing agent wherein the volume average particle size of the dispersed
thermoplastic polymer is equal to or less than 1 micrometers and a method to make
and use said composition. The experimentation was done on the amount of dispersing
agent in the final composition is from 1 to 10 weight percent, and the water and
aqueous freezing point depressant mixture in the final composition present in an
amount from 40 to 75 weight percent, the water aqueous freezing point depressant
ratio is from 40:60 to 70:30 and the result was observed and showed the improvement
in lowering down the pour point temperature [28-31].
1.3 Poly alkyl methacrylate –
The addition of a poly alkyl methacrylate having a average molecular weight of at
least 600,000 has been found to be effective in reducing the pour point of a wax
isomerate to a level that cannot be obtained with conventional pour point depressants.
In a preferred embodiment, the wax isomerate is a slack-wax isomerate, the wax
isomerate has from 4 to 22 carbon atoms. Thus combination of a low and a high
molecular weight polyalkylmethacrylate has been found to be effective in reducing
the pour point of a wax isomerate to a level that cannot be obtained with conventional
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pour point depressants. This invention was related to reducing the pour point of wax
isomerates alone or in combination with a conventional lubricating oil base stock.
More specifically, a synergistic mixture of low and high molecular weight
polyalkylmethacrylates has been found to be an effective reducing agent of the pour
point of wax isomerates[32-36].
1.4 Ethylene-styrene copolymer–
The copolymer of the present invention studied may be conveniently obtained by
subjecting the ethylene and styrene in the defined proportions to high energy ionizing
radiation, for instance at a temperature of about '10 to 325 0., preferably to 50 C. The
pressure of the reaction system needs be about 500 to 10,000 psig, preferably about
2,000 to 7,000 psig. Generally, the required irradiation dosage is about 5,000
roentgens, preferably about 10,000,000 to 40,000,000 roentgens. Radiation dosages of
greater than about 150,000,000 roentgens are usual1y avoided in that case an oil
insoluble product may result. The radiation intensity utilized needs to be generally in
the range of about 20,000 to 2,000,000 roentgens per hour, preferably about 30,000 to
500,000 roentgens per hour. The radiation times are dependent on the actual dosage
desired and the dosage rate employed .Thus it was found that a base oil-soluble
polymer of about to 90% by weight styrene and about 10 to 90% by weight ethylene,
having a Staudinger molecular weight of about 1,000 to 40,000 when added to a base
mineral oil in small effective amounts substantially reduces the pour of the oil.
Preferably the polymer was of about 25 to 75% by weight styrene and 25 to 75 by
weight ethylene and had a Staudinger Molecular weight of about 1500 to 10,000 [3539].
1.5 Polymeric Amides–
The invention was related to oil compositions, primarily to fidel oil and petroleum
compositions produced there from susceptible to wax formation at low temperatures,
to polymeric amides for use with such fuel oil compositions, and to methods for their
manufacture. As we know that when the temperature of the fuel falls and approaches
the pour point, difficulties arise in transporting the fuel through lines and pumps.
Further, the wax crystals are formed which tend to plug fuel lines, screens, and filters
at temperatures above the pour point. These problems are well recognized and various
additives have been proposed, many of which are in commercial use, for depressing
the pour point of fuel oils. Similarly, many additives have been proposed and are in
commercial use for reducing the size and changing the shape of the wax crystals that
do form. Smaller size crystals are better since they are less likely to clog a filter. The
additives also suspend the crystals that have formed in the crude oil; the resulting
reduced settling also assists in prevention of blockages. Thus the inventors found
more effective and economical additives. In particular, it was found that certain
polymeric amides can effectively and economically be employed as pour point
depressants for various grades of crude and fuel oil [40-44].
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1.6 Microfiltration Analysis of Gulf Crude Oils–
The study helped in explaining the high pour point phenomena in waxy crudes and it
explained differences in crude oils that do and do not respond to pour point
depressants. So microfiltration was used to separate the waxes that precipitate out at
the various temperatures in waxy crude oils. These waxes, which were composed of
saturates, aromatic, polars and asphaltenes, they vary in molecular weight and
composition with their temperature of precipitation in waxy crude. Waxes that
precipitate out of the crude oil solution at temperatures above the pour point are of
higher molecular weight and have high asphaltene content. And those that precipitate
at lower temperatures have lower molecular weights and contain mostly saturates.
Detailed chemical analysis showed that the temperature where asphaltenes are no
longer associated with the waxes represents the maximum degree of pour point
depression obtainable and thus trend was verified for six waxy, high pour point
crudes. This study resulted in several interesting findings. Firstly, an analysis of the
waxes obtained at different temperatures showed that the waxes precipitating above
the pour point have a high molecular weight and contain significant amounts of
asphaltenes. Another finding was that a strong association exists between asphaltenes
and waxes that precipitate at various temperatures and the lowest temperatures at
which asphaltenes are still present with the wax appears to indicate the maximum
amount of pour point reduction achievable by the use of chemical additives.[45].
1.7 Maleicanhydride Co-Octadecene Copolymers–
Polymeric flow improver is one of the most important chemicals used in oil industry
especially with waxy crudes. The chemical structure of such chemical is particularly
important. In this paper study, a family of additives by chemical modification of
Octadecene-co-maleic (OM) anhydride copolymers was prepared. Thecopolymerization of Octadecene(OD) with aleicanhydride(MA) was performed at
variable ratios of OD:MA(1:1,1:2and2:1). Mcopolymers were chemically modified by
grafting three different alcohols: dodecanol, hexadecanol and docosanol. The combs
like copolymers obtained were assessed as flow improvers for an Egyptian waxy
crude oil by measuring their performances pour point depressants in addition to the
assessment as viscosity improvers through rheological behavior. The data indicates
that the additive must retain a hydrophobic lypophobic balance, low crystalline and
melting temperature with that of crude wax in order to inhibit. the paraffin and wax
crystal depositions. Thus the use of the copolymer improved the flow property of
crude oil [46-49].
1.8 Poly styrene alkyl maleate–
It is a continuously variable transmission fluid which comprises of a hydrogenated
cyclic dimer of alkyl styrene and a low temperature viscosity control agent. The fluid
contains less than 20 wt % of linear dimer of the alkyl styrene and has a kinematic
viscosity of greater than 2.5x10−6 m²/s at 100 ºC. The dimerized alkyl styrene was
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made by
a. Contacting an alkyl styrene with a supported acid catalyst to effect
oligomerization of the alkyl styrene to a cyclic dimer
b. Hydrogenating the cyclic dimer in the presence of a hydrogenation catalyst to
produce a fully hydrogenated cyclic dimer, wherein the alkyl styrene was
contacted with the supported acid catalyst to produce a fully hydrogenated
cyclic dimer, where the alkyl styrene was contacted with the supported acid
catalyst in the absence of a solvent for the alkyl styrene and a free acid.[50].
1.9 Styrene Butadiene Copolymer–
In this paper a hydrogenated styrene butadiene star copolymer was incorporated in a
lubricant additive package. The star copolymer can include about 3 to 25% and about
97 to 75% butadiene however, the star copolymer may further be incorporated in a
lubricant additive in the amount of about 12 wt % of the star copolymer as compared
to the base oil, wherein the star copolymer was provided in an amount to be
approximately 0.5 to 1.5 wt % of the lubricant; and the lubricant had a mini-rotary
viscometer (MRV TP-1) value improvement of at least 5000 cP over a lubricant
containing a hydrogenated styrene isoprene star polymer or an olefin copolymer at
generally equivalent kinematic viscosity at 100.degree. C. Thus the after reading
showed an improvement in the flow of the crude oil at low temperatures as well, thus
styrene butadiene copolymer can be used as a pour point depressant of crude oils [5152].
1.10 α-Olefin Interpolymer–
In this paper a lubricant composition was studied which comprises an α-olefin
interpolymer having a number average molecular weight of less than 10,000 g/mol as
a base oil and at least one oil additive. The α-olefin interpolymer has a molecular
fraction between 40° C. and 130° C, which when fractionated using TREF.The
characterized molecule in that the fraction has a molar comonomer content of at least
5 percent higher than that of a comparable random ethylene interpolymer fraction
which is removed between the same temperatures, comparatively ethylene inter
polymer has the same co monomer(s) and has a melt index, density, and molar
comonomer content (based on the whole polymer) within 10 percent of that of the αolefin interpolymer. Thus the interpolymer can be used as a pour point depressant to
lower down the temperature of pour point of crude oil and thus oil can flow with ease
even at low temperatures [53-55].
CONCLUSION
Flow assurance of crude oil was studied using various pour point depressants. This
may be particularly applicable where there is innovative or developing technology.
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With the help of these pour point depressants, the temperature of the pour point can be
increased and hence the flow of crude oil becomes possible and thus the problems like
plug formation, wax formation, asphaltene formation etc can be avoided. It is
conceivable that at some point in the future the application of pour point depressant
could negate or reduce the impact of many of flow assurance issues.
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