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ABSTRACT: 

Esters of vinyl acetate -maleic anhydride copolymcrs were synthesized by reaction of vinyl 

acetate with malcic anhydride, then csterfiying the product with dodeeyl. hexadeevK 

NAFOL1822 and -NAFOLI822C alcohol (l-SVAM).Thc resulting FSVAM is purified and 

characterized through infrared speelroscopy, average molecular weight (wl.average) and 

polydispersily index. Tf.cse additives were tested as How improvers/pour point depressant for 

distillate fuel oil.Thc prepared additives showed good performance in improving the How 

properties of tested fuel oil.. Wax modification assessed through photoanalysis. The effect of 

additives type and concentration of wax crystallization behavior al low temperature (0"C) were 

evaluated. There is good correlation between wax modi llealion and value of pour point of the 

additives. 

Key words: DisLillatc i'uc\ oil. How improvements, pour point depressants, wax modification. 

flow additives. 

INTRODUCTION: 

When waxy crude oils and heavy fuels are stored in tanks, which are not healed, or insulated. 

the oil, which is in contact with the cold walls of the lank will cool down, and so may stiffen. 

This leads to difficulties, when the oil is pumped from the tanks (Time el al.,2003), (Khiclr and 

Mohamed, 2001), (Coulinho ct al.,2000), and ( F,i-Gamai ct al.,1998). In the storage ofcrude oil 

considerable amounts of stiffened oil may remain in the tanks, which reduces the effective 

capacity of the tanks.This problem is even more important in the transport of waxy crude oils in 

unheatcd tankers, where the walls of the compartments arc partially formed by the ship wall, 

which is in direct contact with the cold sea water. The- reduced liquefaction of waxy crude oil 

and heavy fuels at a relatively low temperature will also considerably hamper the transport of 

these oils through a pipeline. This problem has been well recognized in tlic past and various 

additives have been suggested for depressing the pour point \ToII. One function of such pour 

point depressants is used to change the nature of the crystals Hint precipitate from the oil, 

thereby reducing (he tendency of the wax crystals to interlock and set into a gel (Srivastava ct 

ai:*iF002), (Zuo et a!.,2001). {Wang ct al.J999) and (Srivastava ct al.,1995).Since Mh^ 

chemical additives (such as pour depressants (i'PIXs). cold How improvers or wax crystal 
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modifiers) is the most convenient and economic way. It has been found thai with the addition of 

die additives the shape of the wax crystal changes. Many postulated mechanisms have been 

predicted forward to explain this phenomenon and lo instruct the pour point depressant product 

design. Among the mechanism theories, adsorption, co- crystallization nuclcation and improved 

*waxvsolubility are widely accepted by mechanism researches {Zhang ct aJ., 2004) and (Tang,ct 

a!., 2Q01),The most extensively used flow for improvers waxy residual fuel oils are highly 

branched poly - ot-olcfin, poly n-alkylacrylalc, alkyl esters of imsaturatcd carboxylic acid a-

clcfin copolymcrs (Liao and Zhao 1996), ethylene- vinyl fatty acid ester copolymers (Andre 

and Elizabclc 2001), vinyl acetate ct-olefin copolymers (Kejan, 1998), styrene- maleic anhydride 

copolymers (Abou Jil-Naga cf al.,1985) and long chain fatty acid amides ( El- Gamal ct 

al., 1992),For evaluation of the improved opcrabilily of treated waxy distillate fuel determination 

of flow properties cloud point (CP), pour point (PP) and cold filler plugging point (CFPP). 

Fliolomicrographic anaylysis cue (he most widely adopted (Chen ct nl.2003), (Fl-Sabagh el aL 

2002} and (Mcgahcd ct «L„2001). 

The work hi this paper deals with synthesis and evaluation of some types of csterfication of 

copolymers of vinyl acetate and maleic anhydride (FSVAM) as pour point dcprcssanLs for 

distillate fuel through the dclcrminalion of How properties (Cf\Pi\CFl>l) tcsl) and 

pliotomicrographic analysis. The flow improvement activity is further discussed on the base of 

structure of additives and dislillute fuel composition. 

EXPERIMENTAL: 
Materials used 

Dodecyl alcohol, hexadecyl alcohol, vinyl acetate, maleic anhydride, two linear long-chain 

alcohol blends (NAFOL 1S22C and NAFOL 1322 ) were supplied by the CONDA Chemicals 

Co. with the typical analysis listed in Table (1). The other chemicals are of technical grade. 

lpti'fcl'compositions 

A waxy fuel oil derived from the western desert crudes were used for evaluating the 

performance of the synthesized polymeric products. Their physicochcmicai characteristics arc 

given in Table (2). In addition, the n-paraffin content of the fuel oil tested was determined by 

urea adduction (Marquet ct al., 1986). Then subjected to gas liquid chromalographic (GLC) 

analysis (Ll-Gamal, Gad, Faramawi and Gobil 1992) for determination of average molecular 

weight (wt. average) and molecular distribution as shown in Table (3) and Figure (1). 

TESCE,VoJ.31,No.2 
Aorii. 2nas 

-co-



Synthesis of polymeric additives: 

A 250 ml three - neck flask with a stirring device, a reflux condenser i\m\ u 

capillary ventilated by nitrogen was fixed. The synthesized esters of vinyl acetate- maleic 

anhydride copolymers were synthesized by reaction vinyl accate (0,5 niol) with maleic 

anhydride (0.5 mol) in the presence of 2.5 gm of bcnzoyl peroxide and 200 gm. of xylone the 

mixtures were re fluxed for four hours, with stirring in the temperature range 100-I20°C under 

nitrogen flushing. Then remove the solvent by evaporating, finally white powder copolymer 

(intermediate product) was obtained. Then cstcrfication of copolymers by adding (1 mol) alcohol 

in the presence of 0.4 gm. P-Tolucnesulphomc acid and 200 gm. xylenc at 140"C I or four hours 

with stirring continuously. At the same time, remove the water by -product continuously. A Her 

three hours from the reaction ,cool the product to 70-SO°C and wash it Iwo times by water. 

Finally a viscous liquid named csferificd copolymer maleic anhydride (1/\S VAM) was obtained. 

A homologous series of alcohols with different carbon numbers are obtained : l'i>(RX-l). C'K, 

(RX-2 ), d o (RX-3 ), dt .s (RX-4). From IR speclroscopy data the proposed structure of the 

compound as: 

COOR 
— C\ I - CHj —CK Cl 3 — 

■ i i ■ 
O— C CIJi COOR 

Where R is (CI-J2)n CH3 - (RX-I) or (CH 2 ) IJ CI-I3 - (RX-2) or NAI-OF 1822- (RX-3 ) or 

NAFOL!822C = (RX-4). 

Characterization of the prepared polymers: 

The synthesized polymers were characterized hi terms of avuiagc molecular weights (wt. 

average), and polydispersily index using gel permeation cinematography technique: iigainsl 

polystyrene molecular weight standards. The measurements was carried out by a high 

performance liquid chromalography (I1PLC) apparatus (Waters Model 510) at the following 

conditions: Solvent: toluene MPLC grade. Colunm; ullrastyragcl 500J 000J 0000, 100000 A. 

Temperature: 25°C.Flow speed: 3 8 cm3 min'K 

Results are listed in Table (4). 

The chemical structure of the prepared copolymers was further studied through infrared spectral 

analysis (FTJR Apparatus) that showed similar patterns. A representative example KX-1, RX-4 

which showed the appearance of the characteristic bands at: 2955-2H49 cm'VCI I stretch), 
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1739cm"' ( 0 0 stretching in aliphatic esters), 1465cm'1 (CH3 bending) and i 177 cm"1 (C-C 

stretching) as demonstrated in Figure (2), 

Evaluation tests: 

Measurement of flow parameters PP,CP and CFIM*. 

The prepared polymers were tested for their effectiveness as pour point depressants for the 

distillate fuel through pour point test according to the ASTM D- 97 procedure. The results are 

presented as pour point of the pure distillate fuel oil. The pour point reduction was calculated 

by: Pour point reduction = pp,1Wc - PPmhi 
WJiej-e, pppurc is the pour point of fuel oil and pp;((r,j is the pour point of the fuel oil containing 
FiSVAM as additive, In addition, they were lasted for improving ihe llltcnibility oflhe fuel oil 

through cloud point (CV) lest according to the IP (239/82 ) procedure ami cold filler plugging 

point (CFPPJ lest according to the IP (309/83 ) procedure. 

-Photomicrography 

Photomicrographs showing wax crystallization behavior of the untreated and treated fuel oil 

samples with polymeric additives at different concentrations have been recorded, An Olypmpus 

polarizing microscope model BJ ISP fitted with automatic camera with a 35 mn format was used 

for photomicrographic analysis. Tie light source was a helium lamp.Thc temperature of the 

tested gas oil samples was controlled on the microscope slide by an attached cooling thermostat 

at 0"C. All photos were taken at 100X magnification. 

RESULTS AND DISCUSSION: 

3-j.nflucncc of avcniuc molecular weight of ESMVA conolymcrs on their effectiveness as 
How improvers: 

The four synthesized JZSVAM (RX-I :R-12, RX-2: R ==16, RX-3.R =20 and RX-4 ;R ==21.5) 

are assessed as flow improvers at 250 ppm concentration in fuel oil in terms of pour point 

depression. Their average molecular weights (vvt average) and polydispcrsity index arc 

determined by HPLC analysis in (Table 4). Data obtained showed that the prepared polymeric 

addilives have different molecular weights 19280-36760 and the optimum effectiveness is 

achieved at the range of 28000-34000 approximately ( polymers RX-3 and RX-4) vinyl acetate : 

..inaloic -.anhydride (2:1) in fuel oiL ll is also observed that the performance of polymers is 

improved with increasing the polydispcrsity index and the molar ratio of vinyl acetate (Va) 

maSeie anhydride (M) is (2:1) more llowability than (1:1) and (3:1) respectively. Additive RX-4 

with the highest polydispcrsity index (3.7) accomplished the optimum pour point depression 

with respect to other additives, whereas additive RX-I with lowest polydispcrsity index (1,55) 

achieved the least depression. This result is compatible with other authors (1-l-CiamaL Clad, 
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Faraniawi and Gobil 1992). Thus, it is concluded that average molecular weight mul 

polydispersity index arc substantial parameters controlling the effectiveness of the used 

polymeric additives. 

2-Deprcssion effects on fuel oil by using ESVAM : 

2.1 Investigation of PI* depression effects: 

The PP's of fuel oil are tested before and after using RSVAM (RX-1, RX-2, RX-3 and RX-4) 

with different concentrations 250,500,7.50,1000 and 2000 ppm ('fable 5) HSVAM exhibited 

good PP depression effects on these fuel especially on sample RX-4 which showed better results 

(Where RX-4 dosage w.̂ s 250,500ppm A pp ~ 21l,C). Synthesized additives are adsorptivc and 

eutectic theories to explain the PP depression mechanism. The PPDs produced at home find 

.̂ b/p.ad so far can only be explained by adsorptivc theory. After using PPf) and decreasing the 

temperature, the molecule of PPD adsorb on the surface of newly formed waxes and prevent the 

growth of the waxes, thus the PP of fuel is reduced. HSVAM's structure is different from the one 

above. Il contains not only polar oxygen- containing groups, but nlso non polar groups (-R). Us 

PP depression mechanism can be explained by both adsorptivc and eutectic theories. After using 

ESVAM and decreasing the temperature. Long chain aJkyls in liSVAM, which appear 'tree 

branch* type crystallize with waxes together. Therefore the I_uSVAM\s molecules exhibit a 'tree 

branch1 type. The waxes distribute in the "tree branches', and it is not easy for them to grow up. 

At the same time, the oxygen-containing groups can also take Liie role of preventing (lie growth 

of the waxes. In this way, the pp of fuel oil can be reduced. It is obvious that eutectic theory is 

superior to adsorptivc theory. A synthetic path based on eutectic theory should be advanced ami 

me fJPD made should have better performance. 

2.2 Tests of cloud point (CP): 

Table (5) showed that none of denoted additives (RX-1, llx-2 ) has any effect on the CP of the 

fuel approximately. The CP of other samples (RX-3, llx-4 ) had more improvement on samples 

A CP250ppm = 2°C.This may indicate that this family of polymeric structures has no effect on the 

thermodynamic equilibrium of the fuel and thus do not influence paraffin solubility in (he fuel 

hydrocarbon system which represents the prime cause of CP depression. 

2.3 Tests of cold filter plugging point (CFPP): 

Table (6) shows determing results CFPP by using iiSVAM.lt had some [liter aiding limited 

effects on sample RX-1 and RX-2 but the CFPP of other samples RX-3, RX-4 had much 

improvement A CFPP250|jpm - 5°C» From both aspects of PP depression and filter aiding ability, 

the PP depression effect of liSVAM is excellent, and it is suitable for distillate fuel oil, fiSVAM 

exhibited good CFPP depression but the reduction ofCP is limited. 
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2.4. Photoiinalysis: 
Photoanalysis confirms the above now tests that evaluate the cold How properties of 

"unlrcaled/lrcalcd waxy distillate fuel oil through wax crystallization behavior. Photomicrographs 

illustrated in photo figures (3,4) show variant wax morphology changes according to the type 

and concentration of additive. Pholofigurc (3a) or untreated waxy distillate fuel oil shows large 

wax crystals. When the fuel oil treated with flow additives of various performance to determine 

the effect of concentration of each of the additives, RX-1 and RX-2.The wax modification or 

fuel oil was evaluated at 250, and 2000ppni by photoanalysis. Results shown In the pholofigurc 

(3b- 3c) explain that the wax crystal size becomes gradually from large crystal to a great number 

of small dots dispersed in the fuel oil. Decreasing the concentration of the flow improvers PPD's 

increasing small particle crystallites in the following order (fuel oil + 250 ppm RX-2 > fuel oil 

-i- 250 ppm RX~i).Photomicrographs illustrated in photo figure (4) show the action of either 

. a c t ives RX-3 or RX-4 has led to signifcanl reduction of wax crystal size and formation of 

abundant number of fine dispersed crystals particularly by the action of RX-4 pholofigurc (4c). 

Concerning the correspondent How parameters measurements^ is revealed that with the 

increase of additive activity in terms of A pp and ACFPP, the induced wax modification is 

increased to a higher degree in the order RX-4 > RX-3 > KX-2>RX-I i.e.therc is a good 

correlation between wax modification and measured flow parameters. 

CONCI..USTION: 
• Some of the prepared csLers of C i r C3t.j vinyl acclalc-maleic anhydride copotymcrs with 

average molecular weight in the range of 19280-367<J0 were fouiKl to he effectivoas pour paint 
depressants/ flow improvers for the investigated waxy distillate fuel oil. 

• Both average molecular weight and the polydispcnsity index of additive drastically affect the 

,.. ^performance of the pour point depressants / How improvers. 

• NAFOU I822C ester of C2\ s vinyl aectate-nialcic anhydride copolymcrs RX-4 has excel lent 

PP depression effects on the fuel oil used in this work, and certain CFPP reduction in part of 

them ( A PP^,,,,, - 2 I T >A C F P P ^ , - 5°C ,A CPa5flw,M = 2°C).ll is useful to improve low 

temperature fluidity of fuel oil. 
• The PP depression mechanism of IISVAM can be explained by well known eutcctic theory. 

• Photomicrography is a simple, and fast analytical tooE that can reveal obviously the wax 
modification induced by flow improvers and wax dispcrsants according to their type and 

concentration in waxy fuel oil. 

• The recorded wax crystallization behavior was correlated with the results of standard flow 

tests. 
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Table 1: Typical Analysis of Linear Long Chain Alcohol Blends (IVAFOL) 

Lriug chain a Icrihol blend 
NAFOL 1822C NAFOL 1822 

Alcohol composition (wt.%) Cift_0H O.i Ojr, -oil 0.1 
Cut on 5.0 C,8.0ii 44.5 
C2D -on '6-5 C20-011 10.3 
C22 on 77.6 C32 0.1 44.8 

• n • ■ CM on 0.8 C^ (IJI 0.3 
Average carbon number (calculated) C,„=2I.S Caw = 20 
Density (g/cinJ) approx. at 80°C~ 0.802 al 80°C = 0.« 10 
Solidtficaiion point (DC) approx. 64 57 
F-'hish point (°C) approx. 204 202 
BstcrNo. (ingKOM/g) 0.14 0.02 
Acid No, (mg KOH/g) 0.05 0.01 
Iodine No. (mg 1/100 mg) 0.3 1 0.24 
Water (Wl.%) 0,04 0.03 

Table 2: Characteristics «f Fuel Oil. 

Test Method Value 
Specific gravity G0/60T [P 160/87 0.8290 
Kinematic viscosity mmJS*' at 40"C cSl ■ IP 7l/SO 4.4 i 

'336 ~ ..Iflasb point, "C IP 34/85 (87) 
4.4 i 
'336 ~ 

APC gravity D 287-92 30 
Cloud point (cp) ,UC IP 219/82 

IP 15/67(86) 
IP 266/87 

24 
Pour point (pp),uC 
Total si:Jpluir(wl%) 

IP 219/82 
IP 15/67(86) 
IP 266/87 

18 
0.373 

Total paraffins content Urea add net 19.03 
ii-paraffins (wt%) GLC 18.0] 
Iso-paraffins (\vl%) GLC 1.02 
Cold filler plugging point (CFPP),*C IP 3OT/83 12 
Disl i lhit iont ASTM IJ-86 

IBP 230 
10% 250 
20% 258 
30% 275 
40% 286 
50% 299 
60% 310 

l'*' " " 70% 335 
80% 360 
F13P 400 
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Cnrbun No, \V(,% Mol. Wl.% 
12 0.17 170 
13 0.32 m 14 0.86 198 
15 0.62 212 
16 0.81 226 
17 1.00 240 
18 1.25 254 
19 ■' 1.72 26S 
20 1.94 282 
21 1.91 296 
22 1.73 310 
23 1.2V 324 

■ 24 1.09 33S 
25 1.03 352 
26 0.73 366 
27 0.G0 380 
28 0.40 394 
29 0.25 408 
30 0.15 422 
31 0.10 436 
32 0.05 450 

Total 18.0) 

Table 3: Cnrlion Number Distribution of n-PsinifTtn Fraction SepunUed from the Fuel Oil. 

No. «fmolw x 1J>"_ 
10.0 " 
17.39 

4.V434 
29.245 
35.S4 

4 1.666 
49.212 
64.179 
68.704 
64.527 
55.806 
39.814 
32.248 
29.261 
19.945 
15.78*1 
10,152 
6.127 
3.5M 
2.293 
I.Ill 

fiilOJRMxIfl"1 

Total wl% of ii-paraffins determined by urcn adduction ~ 19.03. 
Wl% of n- paraffins « IK.0I. 
Wl%oriso-pnraffin - 1.02 

18.01 
Averages molecular weight 

Average carbon number (n) 

640.382 xlO"1 

281.239-C„ I l2l, 
19.945 «20 

Table 4: Characterization ufthc Prepared Copolymcrs and Their Performance as Pour Point 
Depression for Fuel Oil at 250|>piii Coiicentmlioii. 

Reaction symbol V«:M Cn Av M I Y H)I API' 
Motor ratio 

12 79280' RX-I r.-i 12 79280' 1.55 3 
2:1 12 22720 1.58 6 
3:1 12 26160 1.66 

1.75 
3 

RX-2 1:1 16 23800 
1.66 
1.75 6 

2:1 16 27240 1.95 12 
3:1 16 

2D 
28520 2.00 

"™2.3 
9 

RX-3 1:1 
16 
2D 28280 

2.00 
"™2.3 9 

2:1 20 11720 2.7 18 
3:1 20 35160 3.1 18 

RX-4. 1:1 21.5 29880 3.4 18 
2:1 21.5 33320 3.7 21 
3:1 21.5 36760 3.5 IK 

Va:M= The molar ratio of vinyl acetate (Va) lo jvlaleic anhydride (M). 
Cn = Carbon number of alcohol. 
Av Mwi ^Average molecular weight. 
PDI =Polydisper?ily index. 

APP =Pour point depression. 
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Til Me 5: Effect of Concentration of Esters of Vinyl Accbitc - iVIaEcic Anhydride Copolymir on 
Cloud Point and Pour Point of Fuel Oil 

Additives* O.Oppm 250ppm 500ppm 750 ppm lOOOppm 2000ppm 

CP 24 24 24 24 24 24 
ACP 0 0 0 0 0 0 

IOC - 1 PP 18 12 12 15 15 18 
APP 
CP 

0 
24 

6 6 3 3 0 APP 
CP 

0 
24 23 23 24 24 24 

ACP 0 \ 1 0 0 f) 
RX -2 PP 18 6 9 9 12 12 

APP 
CP 

0 12 9 9 6 6 APP 
CP 24 23 23 23 24 24 

6.CV 0 1 1 1 0 0 
RX -3 PP 18 0 0 3 6 6 

APP 0 18 18 15 12 12 
CP 24 22 22 22 23 24 

ACP 0 2 2 1 1 0 
RX -4 PP 18 -3 -3 0 0 3 

APP 0 21 21 18 18 15 
CP ~ Cloud point 
ACP -" Change in cloud point depression 
PP ~ ['our point 
APP = Cluingc in pour point depression 
* The molar rnlio of vinyl auulnlc to mnlcie anhydride (2 : 1), 

Tnblc 6; l̂ ffecl oT Concentration oT Esters of Vinyl Acetate- Malcic Anhydride Copolymcr on 
the Oilri Filter PlugfFiiijj; Point of Fuel Oil 

., Additives* O.Oppm 250ppm SOOppm 750 ppm lOOOppm 2000ppin 

RX- 1 CFPP 12 10 10 II 12 12 
A CFPP 
CFPP 

0 
12 

2 
9 

2 1 0 0 
RX -2 

A CFPP 
CFPP 

0 
12 

2 
9 9 10 10 It 

A CFPP 0 3 3 2 2 1 
RX - 3 CFPP 12 8 9 9 11 11 

A CFPP 0 4 3 3 1 1 
10 RX - 4 CFPP . 12 7 7 8 8 
1 

10 
A CFPP 0 5 5 4 4 2 

CFPP :" Cold niter plugging point. 
ACFPP - Change in cold filter plugging point depression 
* The motor ratio of vinyl jiectnlc lo mnlcie anhydride (2 ; 1). 
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«^k« ,.r I'ttrl Oil Trcnlcd and fuel oil « , l ' 1 

u i ! T c 1 . t n l < - , n . n ( , : , r i n n r , R X - l l I X - * A r t - M i * 
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mm*m 
./fuel oil + ZS« K.X-.1. M - f l V , < F«« ■• 8 V b-Fuol oil + MOO Dim. UX,«. p r s ft T . CTM- - 11"« 

I ' .'■' 
;U 

I.WI oil + 25U iMiiii RX-1, PP - -3*r .CUM'- 7 T il- ft*'! <"" + «>«« PI"" " * 4 ' p p - 3 "C ■< m ' m , | , V 

PhoCiintnirc-1 : IMi»Uiinicn*ni|ilis of Fnd Oil nidi Dlfhrail CouwiKr-liun 

front ltX-JniicI KX-4 Additive*. 
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