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Abstract

u-Olefin maleic anhydride copolymers were prepared by reacting Cyor Crgolefin wiih
maleic anhydride, then esterified with dodecyl or NATOL 18221 alcohol, purificd and
characterized through average molecuiar weight, polydispersity index and inlrared
spectroscopy. A waxy crude oil (pour point =21°C and wax content = 18,9 wit %) was
treated with the four synthesized additives as pour point depressants and determined using
x-ray diffractometer. It is Jound thal the X-ray dilfraclion patlerns of waxes with additives
are remarkably different from those without additives, The NAFOIL 18221 ester of']-
tetradecene  malcic anhydride copolymer also show stronger interaction with the wax than
NAFOL 18228 c¢sler ol l-oclene copolymer, dodeeyl ester ol M-letradecene malvic
anhydride copolymer amd dodecyl ester of 1-uvctene maleic anhydride copolymer, These
efleels can be altributed to the chain length of side hydrocarbon. The wax solubilization is
a function of copolymer .

Key words: ¢-Olefin-malcic anhydride copolymers, pour point depressants, waxy cindv
oil, x-ray diffraction.

Introduction

Crude oil and ils many down stream fractions products are comprised of a complex
wide range of hydrocarbon componenis. A major constituent of these hydrocarbon streim

is penerally described as paraffin waxes. [n some crude oils. waxes can represent up to 20
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wi% of the total mixture. On cooling, the n-paraffins scparate out as plate-like crystais
which interact together to form three dimensional network in which stll liquid oil
becomes Lrapped as the results, in an increase of viscosity and a decrease of oil flowability
' Several oplions are available to countract the problems by paraffin waxes. These
include heating the strcam, blending with gasoline or kerosene and using a chemical
additive treatment™ | These additives function by modifying wax crystal size and shape
during their growth. There are various laboralory and field tests for cvalualing the
performance of low improver/pour peint depressant in improving the cold ftow propertics
of waxy petroleum fluids™®, Flow improvers of diflerent polymeric structures have been
published in patent reviews stch as polysaccharides ® long alky) chain atty acid esters™
polyacrylates™ | polymethacrylate® | a-olefin-maleate copolymers'™, alkyl fumarate-viny|
acetale copolymers'! Y, dendramines, dendramides™, and star-shaped alkylcarbamanes'™
The parallin deposition could be inhibited by trichlorethylene-xylene binary system which
exhibit also a substantial cffect as pour point depressant'™ These additives function by
one or mere of several postulaled mechanisms, viz. nucleation, adscrption. co-
crystallization and improved wax solubility, that result in the formation of smaller wax
crystals with more regular shape'™, Various analylical tools have been used lﬁ clucidate
the mechanism of interaction of flow improver/pour point depressant  with wax
crystallization in petroleum fuids such as scanning clectron microscopes' . differential
thermal amalysis''”, diFferential scanning calorimeters™™ and x-ray diffraction """

The present work deals with the synthesis and evalualion of some type of u- olelin malcic

anhydride copolymers us wax dispersants was disperssion for waxy crude oil. also we

intend o study the interaction between four synthesized additives and the wax constituent
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in waxy crude oil through wide-angle x-ray diffraction in order to clucidate this
phenomenen at typical {ield conditions.
Experimental
Materials used:
Linear long- chain alcohol blend (NAFOL {822 B)were supplicd by CONDEA chemical
co. with the typical analysis listed in Tablc 1. Dodecyl aleohol, 1-octene. -tetradecene
and maleic anhydride the other used chemicals are of technical grade. A sumple of
Umbarka waxy crude oil were used for cvaluating the perlormance of the synthesized
polymeric additives. The physico chemical characteristics of the crude oil are given in
Table 2.
Synsthesis of the pelymeric additives:

Esters of @-oleflin maleic anhydride copolymers were prepared by reacting (Timol)
ol T-oclene or I-tetradecene with 0.6 mol of maleic anhydride, Xylene (260 ml.) s a
solvent and (0.01 mol) of benzy! peroxide dissolved in 20 ml, xylene as an initiator were
gradually added to the reactants .The reaclion mixture was then relluxed with vigorous
stirring in the temperature range 120-125°C for 6 hours,(inally white powder copuolymer
(intermediale product) was obtained. The (wo polymeric products (1-octene or |-
tctradecene maleic anhydride) were then esterilied successively with 1.6 mol ol dodeeyl
alcohol or long chain alcohol blend NAIFOL 1822B. P-Tolucne sulphonic acid (2g) was
added as a catalyst while heating to 140" C cven no more water ol reaction was coliceted
lo obtain four polymeric additives: dodedeyl ester of : l-oclene malcic anhydride
copolymer {CP1), dodedcyl ester of I-lctradccene maleic anhydride copolymer (C12),
NAFOL 1822B ester of 1-octene maleic anhydride copolymer (CP3) and NAFOL, 18228

ester of 1-tetradecenc maleic anhydride copolymer (CP4),
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Purification of the reaction products (CP1 te CP4) was carricd out by washing with
distilled water for removing the acid calalyst, scparation of the organic layer. drying vver
anhydrous Nuz SOg4and vacuum distillation {or stripping of solvent and unreacted alcohol
and maleic anhydride. IZach product was precipitated in an excess volume of methanol and
was then filirated. [Further purification by disselution of the product in xylene and
reprecipitating by pouring into methanol, filtration and vacuum drying, finally light yellow
viscous liquid was obtained for test use. The products have purity of approximately 98 %.

The general formula of the prepared additives is as follows :

Cf” - CH; - CJ” ~CH
R O=Cl C‘|=O
OH OR " n
Wheie R = {CHa)s CHyor (CHy) CHy and R™ = (CIIy);, CH;or NATOL 18221,
The chemical  structure was confinmed by infrared spectroscepy and average

moleeutar weight by high performance liquid chromatography.
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Characterization of the prepared copolymers :

The four synthesized copolymers (CPI-CPd) were characterized in terms of their weight
average  molecular  weights  and polydispersity  index  using  a el permeation
chromatography techuique, against polystyrene molecular weight  standards. the
measurement  was carried oul by high performance liquid chromatopraphy apparius
(UPLC) (Waters Model-510) under the following conditions:  Solvent: Toluene PILC
grade; Column:  Ultrastyragel 500, 1000, 1000C.100000A: Temperature: 25°C Flow
Speed:18 em? min;

Resulis are given in Table 3. The prepared copalymers were also studied through inlrared
spcch"opholmnctry by using a FI1R spectrometer, Mode! Matson-inhinity series beneh op
961. Their spectra are shown in Fig.1, which indicate the presence of the charaeteristic
bands at 3)00- 3423em” (OH stretch), 2615, 2846 em ' CH swreteh ), 1726-1774 em’t o
C=0 stretching in  aliphatic esters), 17181726 em’! (C=0 steetching in aliphatic
carboxylic  acids), 14064 em”? {CH; bending). 1368 e (O bending ). 1170em (OO
stretching)y and 740’ ! (-{CLL)-)

Fvaluation of synthesized products.

Difterent concentrations (100,250,500.1000 and 2000 ppm) of cach ol the lour polviners
were incorporated in the waxy crude oil sample at 40°C, then the treated crude oil sample
was subjected to pour point determination according to the ASTM D97 method. Identical
portion from the surface layer of the pour point lest sample was then transicrred at the
pour point test, immediately after the pour poini determination, to the x-ray difTractomeler
(Shimadzu. Model DP-DI) where the diffiaction pattern was recorded at SOU ppin ol the

C'P1-CP4 additives.
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Results And Discussion

The physico chemical characteristic of the lcsted waxy crude oil are given in Table 2.
Average molecular  weights of the prepared esters of ¢-olefin maleic anhydride
copolymers arc listed in Table 3. It is cvident that their average molecular weights
increase as the (carbon numbers) of the fatty alcohol increase. Changes in (he pour point
of the crude oif treated with different concentrations of the synthesized additives are also
listed in Table 3 and represented graphically in Fig. 2. Il can b(; seen from these resulls
that the response of the crude oil towards the synthesized copolymers. as pour point
depressants. is clearly varied. The waxy crude oif shows low response towards CP1 and
¢]2 addilives, while ils response towards CP3 and CP4 is good. Such differences in their
activity can be attributed to (he increase in their average molecular welght and
polydispersity index.

The ahove results can be confirmed through x-ray diflraclograms. The x-ray dilfraction of
the unteeated waxy crude oil s displayed in Fig. 3 (a) and shows two sharp crystalline
peaks  that appear at 20 =21.292°, interplanar spucing d =4.1694A at high intensity
i, 100, and at 20 =23.6710° , d=3.7556 A and 171, = 29. The x-dilfraction patterns of
iteraction of  the additives with the crude oil are shown in Fig. 3 (b-c¢). The diffraction of
patlern P shows  two sharp  crystalline  peaks  al 20 = 22.671%
d o 34556 Aat I~ 100, and at 20 = 24.00% d = 3.7032 A W,=29and 20 = 22.142.d
S 40114 A, 1, = 9 Fig. 3 (b). This internction leads o a depression in pour point.
AP 6"C . The x-ray diffraction of the CP2 (dodecyl ester of 1-tetradecene maleic
anhydride copolymer) shows similar crystaltine feature as the CP1 due o the Cyz side
chain of dodecyl ester. Interaction with the crude oil, Fig. 3 (¢), Jcads 1o a deerease ol the

erystalline peak at 20 = 20,053 d= 423634 and 11° = 100, with a halo in the range

o5 )
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28 = 18217 This interaction leads to APPspo = 97C. The xeray diffiaction ol CP3

(NATFOL 1822B ester of [-octene maleie anhydride copolymer) interaction with the crude

oil. Fig. 3 (d), showsa peak at 2 0 =21.292 *d=4_1694A and V1= 100, with o broad halo

in the range 18-25° This interaction leads (o stpmificant APPsg = 18°C. The CP4 (NATOL.

18228 esters of 1-tetradecene-maicic anhydride copolymer) with the crude il is depicied

in Fig. 3 () that shows a broad plateau halo a1 15-23" with a peak al 200 210123 0

4.2026 A and /1,=100 due (o the interaction between Cyy side chain of the additive and

wax in the crude oil. The additive achieves an optimum APPsge = 24°C,

Coneclusions

- Some of the prepared esters of Cy or Cy c-olelin maleic anlwydvide copolymers with

average molecular weights in the range of 26300 Lo 38200 are found (v be elivetive us
pour poinl depressants lor the investigated wuxy urudg oil.

- The NAFOL 1822B ester of I -tetradecene maleic anhydride copolymer proved to be g
adequate APPsyy =24 °C.

- The alky! chains of the prepared copolymers are an essendial factor for an infensive the
interaction of the additives with the crude oil.
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‘Table 1. Properties of NAFOL i822B alcohol.

| TIroperlies NAFOL 18228 '
Composition, wi%: ;
C - OH 02 ‘
C-OH 15.0
Can-OH 14.8
Coy-01) 69.8
C14-0OH 0.2 i
Avergge carbon number{calculated) C,.=213
Density gfem® a1 70 °C 0.802
Solidification point, *C 3-65
Lster Mo mg KO! g 0.16
Acitd Mo mg KOIH/e 0.01
Water, wi% 0.04
IFlash point, °C 204
Jodine Noong Y100my, 0.23 !
Tabie 2, Physieo chemical propestics of the tested Umbarka waxy crude oil
r' . 7»__*__'1.'[:5_(_5-'?” Method Resull ;g
Sp .Gr.wl 60/60 °F, IP 160/92 08119 i
API Gravity al 60°F Calculated 32.8
PPour Point, "C ASTM 13-97 21
Kinengailic viscosity, ¢S 42
- (A0°C) 1137105 l.a I|
- (100" ’ ‘
Flash. point *C ASTM D93 77.7 )
Wax canlenl{wl) ASTM 1)-3344 18.9 !
Sulfar_ gontent (w %), ___ 1P 242433 - Ao
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Fig. 1: Tnfraved spectra of the
(1) Dodeyel ester of I-octene-maleie anhydride copolymer (CP1),
() Duodeyel ester ol I-etradecenc-maleic anhydride copolymer (CIP2).
(¢) NAFOL 18228 ester of L-octene-mialeic anhydride copolymer (CP3)
() NAVOT, 18228 ester of i-tetradecenc-maleic anhydride copolymer (CP4)
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Fig. 2. EMect of concentratians ol the additives on the poswr point of the studied
crude vil,
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IFte 30 Xeray diffraction patterns of the prepared additives {CP1I-CPA) with the studicd erade il
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