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Abstract 

a-Olcfin maleic anhydride copolymers were prepared by reacting C'x or CMolefm with 

maleic anhydride, then eslerificd with dodecyl or NAFOL 1822B alcohol, purilled and 

characterized through average molecular weight, polydispersily index and iiilrarod 

spectroscopy, A waxy crude oil (pour point r-21°C and wax content - 18.9 wt %] was 

treated with the four synthesized additives as pour point depressants and determined ushu1 

x-ray difTractorncter. It is found that the X-ray diffraction patterns of waxes with additives 

are remarkably different from those without additives. The NAt'OL I822H ester of I-

letradecenc maleic anhydride copolymer also show stronger interaction with the was than 

NAFOL 18221) ester of l-oclcne copolymer, dodecyl ester of Melradecene maleic 

anhydride copolymer and dodecyl ester of 1-octene maleic anhydride copolymer, I hesc 

effects can be attributed to the chain length of side hydrocarbon. The wax solubilizalion is 

a function of copolymer. 

Key Avords: a-Olefm-inaleic anhydride copolymers, pour point depressants. wa\> ei tide 

oil, x-ray diffraction. 

Introduction 

Crude oil and its many down stream fractions products are comprised of a complex and 

wide range of hydrocarbon components. A major constituent of these hydrocarbon stream 

is generally described as paralKln waxes. In some crude oils, waxes can represent up to 2(1 o 
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wt% of the total mixlure. On cooling, the n-paraffins separate out as plate-like crystals 

which interact together to form three dimensional network in which still liquid oil 

becomes trapped as the results, in an increase of viscosity and a decrease ofoil flowabilily 

(l>. Several oplions arc available to countract the problems by paraffin waxes. These 

include heating the stream, 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 laboratory and field tests for evaluating ihc 

performance of flow improver/pour point depressant in improving the cold flow properties 

of waxy petroleum fluids'4,51. Flow improvers of different polymeric structures have been 

published in patent reviews .such as polysaccharides (Ci) long alky) chain fatty acid osiers' ', 

ptilyacrylales(KJ, polymcthacrylalc(<}, a-olefin-malcale copoJymers'1"', alkylfumarate-vinyl 

acetate copolymcrs(ll>, deixlramincs, dendramides112', and star-shaped alkylcarhamaies*1 ', 

The paraffin deposition could be inhibited by trichloiethylene-xylcne binary system which 

exhibit also a substantial effect as pour point depressant'141 These additives function by 

one or more of several postulated mechanisms, viz, nucJealion. adsorption, co-

eiyslalli/.ation and improved wax solubility, that result in the formation of smaller wax 

crystals with more regular shape* \ Various analytical tools have been used to elucidate 

the mechanism of interaction of flow improver/pour point depressant with wax 

crystallization in petroleum fluids such ns scanning electron microscopes1 "'*, differential 

thermal analysis'171, differential scanning calorimeters'18* and x-ray diffraction iVK2t)i. 

The present work deals with the synthesis and evaluation of some type of u- olefin maleie 

anhydride eopolymers us wax dispersnnts was disperssion for waxy crude oil. also we 

intend to 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 elucidate this 

phenomenon at typical field conditions. 

Experimental 

Materials used: 

Linear long- chain alcohol blend (NAFOL 1S22 B)were supplied by CONDHA chemical 

co. with the typical analysis listed in Table 1. Dodecyl alcohol, 1-oelene. l-telnukvene 

and maleic anhydride the other used chemicals arc of technical grade. A sample of 

Umbarka waxy crude oil were used for evaluating the performance of the synthesized 

polymeric additives. The physico chemical characteristics of* the crude oil are gi\en in 

Table 2. 

Synsrhcsis of the polymeric additives: 

Esters of ct-olefin maleic anhydride copolymcrs were prepared by reacting (I mul) 

of 1-oelene or 1-tctradecene with 0.6 mol of maleic anhydride. Xylene (200 ml..) as a 

solvent and (0.01 mol) of benzyl peroxide dissolved in 20 ml. xylene as an initiator were 

gradually added lo the reaclants .The reaction mixture was then re fluxed with vigorous 

stirring in the temperature range 120-125"C for 6 hours,finally while powder copolyrner 

(intermediate product) was obtained. The (wo polymeric products (I-octene or I-

tctradccenc maleic anhydride) were then cslerilled successively with 1.6 mol of doden I 

alcohol or long chain alcohol blend NAFOL 1822B. P-Toluene sulphonic acid (2g) was 

added as a catalyst while heating to 140" C even no more water of reaction was collected 

lo obtain four polymeric additives: dodedcyl ester of : 1-octene maleic anhydride 

copolyrner (CPI), dodedcyl ester of 1-lelradccene maleic anhydride copolyrner KT2), 

NAFOL 1822Besterof 1-octene maleic anhydride copolyrner(CT3) and NAFOL IN22H 

ester of 1 -tetradecene maleic anhydride copolyrner (CP4). 
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Purification of tlie reaction products (CPl to CP4) was carried out by washing with 

distilled water for removing (he acid catalyst, separation of the organic layer, drying over 

anhydrous Na2 SO4 and vacuum distillation for stripping ofsolvent and unreacted alcohol 

and maleic anhydride. Each product was precipitated in an excess volume of rnethanol and 

was llicji nitrated. Further purification by dissolution of the product in xylcne and 

reprccipitating by pouring into rnethanol, filtration and vacuum drying, finally light yellow 

viscous liquid was obtained for test usc.Thc products have purity of approximately 9S %. 

The general formula of the prepared additives is as follows : 

CU - Cll2 - Cl\ - CH 

K O = C C =0 

OH OR' n 

Where R - {Crl2)s CH3 or(Cll2)ii CH3 and IV - (CII2)n CHjorNAFOL 1822D. 

The chemical structure was confirmed by infrared speetroscopy and average 

molecular weight by high performance liquid chromatography. 
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Characterization of the prepared copolymcrs : 

The lour synthesized copolymcrs (CP1-CP4) were characterized in terms of then weight 

average molecular weights and poiydispersity index using a gel permeation 

chromatogiaphy technique, against polystyrene molecular weight standards. Ihc 

measurement was carried out by high performance liquid chromatography apparatus 

(HITX) (Waters Model-510) under the following conditions: Solvent: Toluene I IIM.C 

grade; Column: Ultrastyragel 500. 1000, 10000.10O000A: Temperature: 25V: H.m 

Speed: 18 cm3 min"!; 

Results are given in Table 3. The prepared copolymcrs were also studied through infrared 

speclrophotomctry by using a FT1R spectrometer. Model MaUson-inlmity series bench top 

961. Their spectra arc shown in I'ig.l, which indicate (he presence oflhe characteristic 

bands at 3100- 3423cm-1 (OH stretch), 2915, 2846 cnf'f CM stretch ), 1726-177'! em'1 ( 

O O stretching in aliphatic esters), 1718-1726 cm"1 (CM) stretching in aliphatic 

carboxylic acids). 1464 cm"1 (CM, bending). 1368 cm"1 (OH bending ), 1176anl(C-C 

stretching) and 740cm- (-(ClhV)' 

Kvsiluation of synthesized products. 

Different concentrations (100,250,500.1000 and 2000 ppmj of each of the four polymers 

were incorporated in the waxy crude oil sample at 4Q"C. then the treated crude oil sample 

was subjected to pour point determination according lo the ASTM D97 method. Identical 

portion from the surface layer oflhe pour point test sample was then transferred at (he 

pour point test, immediately after (he pour poinl determination, to the x-ray diffractome.er 

(Shimadzu. Model DP-DI) where the difii action pattern was recorded at 500 ppm of the 

CP1-CP4 additives. 
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Results And Discussion 

The physico chemical characteristic of the tested waxy crude oil are given in Table 2. 

Average molecular weights of the prepared esters of cz-olefin malcic anhydride 

copolymers are listed in Table 3. It is evident that their average molecular .eights 

increase as the (carbon numbers) of the fatty alcohol increase. Changes in the pour point 

of the crude oil treated with different concentrations of the synthesi.ee! additives are also 

listed in Table 3 and represented graphically in Fig. 2. I. can be seen from these results 

lha. the response of the crude oil towards the synthesized copolymcrs. as pour point 

depressants, is clearly varied. The waxy crude oil shows low response towards CPI and 

CJ>2 additives, while its response towards CP3 and CP4 is good. Such differences in their 

activity can be attributed to the increase in their average molecular weight and 

polytlispcrsily index. 

The above results can be confirmed through x-ray diflrac.ograms. The x-ray diffraction of 

,|,c untreated waxy crude oil is displayed in J-ig. 3 (a) and shows two sharp crystalline 

peaks lha. appear at 20 =21.292°. intcrplanar spacing d =4.I694A a, high intensity 

!/[„.. 100. and at 20 -=23.6710" , d = 3.7556 A and I/l„ = 29. fhc x-diffraction patterns of 

interaction of the additives with the crude oil are shown in Pig. 3 (b-e). The diffraction of 

pattern CM'I shows two sharp crystalline peaks at 20 - 22.671". 

d 3.4556 Aat I/l„- 100. and at 20 = 24.00", d =- 3.7032 A, l/Iu- 29 and 20 = 22.142". d 

= ■■ 4.0114 A, !/]„= 9 I'ig. 3 (b). This interaction leads to a depression in pour point. 

API',,,,,- 6"C . The x-ray diffraction of the CP2 (dodecyl ester 0 r 1-tctradeeene malcic 

anhydride eopolymer) shows similar crystalline feature as the CP1 clue to the C,: side 

chain of dodecyl ester. Interaction with the crude oil, Pig. 3 (c), leads to a decrease of the 

crystalline peak at 20 - 20.953". d= 4.2363A and 1/1° = 100. with a halo in the range 
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2 6 - I8-21n. This interaction leads to APP5t>o - 9l1(\ The x-ray diffraction ^ CT3 

(NAFOL 1S22B ester of l-oclcne malcic anhydride copolymer) interaction with the crude 

oil- Pig. 3 (d), shows a peak al 2 0 = 21.292 ° d - U 694A and 1/lMOO. vritU a broad halo 

in the range 18-25°. This interaction leads to significant APPsut,' 1$"l\ 1'he (T4 (NAI't)l. 

1822B esters of Metradecene-maleic anhydride copolymer) with Ihc erode oil is depicted 

m Fig. 3 (e) that shows abroad plateau halo at 15-23", with a peak al 20 21.12.V'. d ■ 

4.2026 A and I/Io=I00 due to Ihc interaction between C\, side chain of the additive and 

wax in the crude oil. The additive achieves an optimum APPS<KI~: 24V. 

Conclusions 

- Some of the prepared esters of C* or CM ot-oldin malcic anhydride copolymcrs wiili 

average molecular weights in the range of 26300 to 38200 are found lu he effective as 

pour point depressants i^or the investigated waxy crude oil. 

- The NAFOL 1822B ester of 1 -tciradeecne malcic anhydride copolymer proved it) he ait 

adequate APP5U0 = 24 °C. 

- The alky] chains of the prepared copolynicrs are an essential faclor (bran intensive the 

interaction of the additives with the crude oil. 
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Table 1. Properties of [VAFOL I822B alcohol. 

Properties N A F O L 1822B 
C'ompfisition. wt%; 

C l f t -OH 0.2 
C,»-OH 15.0 
CVJ-OM 14.8 
C J J - O I J 69.8 
C . rOH 0.2 

Average carbon numbcrfcalculfltcd) C =">l 3 
Density g W a l 70 "C 0.802 I 
Solidification poinc, "C 61-65 , 
Ks tc rNo i i i gKOn /g 0.16 
A d d No nig KOH/g 0.0? 
Water, wL% 0.04 
Plush pocni, "C 204 
iodine No. mg I/I00mg 0.23 

Table 2, Physicu clicniiciil properties of tlie tested Uinbarkn waxy crude oil 

Test Method Result 
Sp.Gr.wl 60/60 T . IP 160/92 0.8119 
API Gravity at GOT Calculated 32.8 
Pour Point. °C ASTM U-97 21 
Kinematic viscosity, t;Si 4.2 

1.0 - i\\('uro I P 7 f W 
4.2 
1.0 

- m( IOOV) 

4.2 
1.0 

l- tal i . point "C ASTM D-93 77.7 
Wax COIIlUI1l(wL(/a) ASTM D-3344 IK.9 
Snllur content fu l %) , IP 242/83- 1.76 
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0) 

nr , f 

V/ave number (cm") Wave number (cm*) 

K 

i ■ 

^ 

Wave number (cm") Wave number (cm') 

Ki(>. 1: Infrared spuclrn of (lie 
(si) Dodoycl ester of I-nrtcno-mutcic anhydride copolymer (CIM). 
(I)) Dotlcycl ester oT 1-lelnulccciie-mnlcic unhydride copolymer (CP2). 
(c] NAFOl. 1H22B ester of I-oelene-miileic anhydride copolymer (CP3) 
(d) NAKOli I822IJ ester of i-tetnidccene-iiudeic anhydride copolymer (CIM) 
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Additive 

-♦-CP1 
- * - C P < 

-A-CPC-
- X - C P 4 

0 500 1000 1500 2000 250i 

Coiiccn*ration o f add i t ive , ppm 

l ; ig. 2. rcrfcct ofconcciitriTtioiis n i l he ndililivcs nit the pour point of the studied 
crude oil. 
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(a) Ur.uc»'edcnn2e oi l . 

N L _ 
0 n o OT.O yio a. 0 *Ao GO. 0 70 .0 BO. o ».i 

il. 
(b) Interaction o f 5(56 ppm C f 1 w'uh ihc crude o i l . 

6.0 IS. 0 SO. 0 ,V>. 0 « 0 M O W. 0 70.1 80 0 00.0 

(c) InictacrLooof SOOppin CC2 wilh Ihc crude oi l . 

A, J ^ , — 

».o io.o 2a. o no. a 4n_f> .VJ.:I a-j o 70 c w.o s i 0 

A 
(d} tnieracliun OT5D0 pjiin CI'J wil l i the crude oi l . 

0 0 /0.0 '2f)0 30.0 « . 0 M, 0 MO 70 0 CO 0 POO 

£e) Interaction of SCO ppniCf ' ! wilh ihc crude oil. 

' i o n »1) * 3a n w.o sn. r> M.O TOO flr> O an.rj 

20 (drcgrcc) 

I'tK 3: X- ray d i f f ract ion patterns of Hie prepared addi lurs- ( C P I - C P J ) iv i l l i (he .studied crude ni l 
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