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DISTILLATE FUEL BY USING SOME POLYMERIC ADDITIVES
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ABSTRACT:

Eslers of vinyl acelate —maleic anliydride copolymers  were synthesized by reaction of vioyl
acetale with maleic anhydride, then esterfiying the praduct with dodeeyl. hexadeey!,
NATFOL1822 and -NAFQL822C alcohol {FSVAM). The resulling ESVAM  is purificd and
characterized hrough infrared spectroscopy, average maoleeular weight (wtaverage) and
polydispersity index, These addilives were tested as [ow improvers / pour point depressant (or
distillale fuel oil. The prepared addilives showed good performance in improving the low
“Projertics of tested fuel oil., Wax modification assessed through photoanalysis. The clfeet ol
additives type and concentration ol wax crystallization behavior at low temperature (0°CY were
evalualed. There is good correlation belween wax modification and value ol pour paint of the
additives.

Key words: Distillate fuel oil, flow improvements, pour point depressants, wax macdification,

Now addilives.

INTRODUCTION:
When waxy crude oils and heavy luels are stored in tanks, which are not healed, or insulated,
the oil, which is in contact with the cold walls of the tank will cool down, and so may stilfen.
This leads to dillicultics, when the oil is pumped from the tanks (Thue ¢l al.,2003), (Khidr and
Mochamed, 2001), (Coutinho et al.,2000), and { Ei-Gamal et al.,1998). In the storage of crude oil
considerable amounls ol stiffencd oil may remain in the tanks, which reduces the effective
capacily of the tanks.This problem is even more important in the transport of waxy crude oils in
unheated tankers, where (he walls of (he compartments arc partially formed by the ship wall,
which is in direct contact with the cold sca waler. The reduced liquefaction of waxy crude oil
and heavy fucls at a relatively low lemperature will also considerably hamper the transport of
these oils through a pipcline. This problem has been well recognized in the past and various
additives have been suggested for depressing the pour puint of oil. One function of such pour
point depressants is used o change the nature of (he erystals that  precipitate from the oil,
thereby reducing the tendency of the wax crystals to interlock and sct into a gel (Srivastava et
“a12002), (Zuo el al.,2001). (Wang et al..1999) and (Srivastava ¢t al.,1995).Since adding
chemical additives (such as pour depressints (PPDs). cold Mow improvers or wax erysial
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madifiers) is the most convenient and cconomic way. It has been found that with the addition of
the additives the shape of the wax crystal changes. Many postulated mechanisms have been
predicled forward to explain this phenomenon and (o instruct the pour point depressant product
design. Among the mechanism theories, adsorplion, co- crystallization nucleation and improved
wax-solubility are widely accepted by mechanism researches (Zhang et al., 2004} and (Tang,et
al., 2001).The mosl exlensively used flow for improvers waxy residual fuel oils are highly
branched poly - a-olefin, poly n-alkylacrylate, alkyl esters of unsaturated carboxylic acid -
clefin copolymers {Liao and Zhao 199G}, ethylene - vinyl fally acid cster cepolymers (Andre
and Elizabete 2001), vinyl acclaie a-olelin cbpofymcrs (Kejan, 1998), slyrene- maleic anhydride
copolymers (Abou El-Naga cf al.,i985) and long chain f{atly acid amides ( El- Gamal ct
al.,1992).FFor evaluation of the improved operabilily ol trealed waxy distillate fucl determination
of Mlow properties cloud point (CP), pour peint (PP) and cold filter plugging point (CFPP).
Photomicrographic anaylysis arc  the mosl widely adopled (Chen et al,2003). (El-Sabagh cl al.,
2002) and {Mepgahed el al.,,2001).

']hcﬂ work in this paper deals with  synthesis and cvaluation of some types of esterfication of
copolymers of vinyl acelale and maleic anhydride (ESVAM) as pour point depressants for
distitlate  fuel  through  the  delermination of flow propertics (CPPP.CFPP test) and
photomicrographic analysis. The fow improvemenl activity is further discussed on the basc of

structure of wdditives and distillute fuel composilion.

FEXPERIMIINTAL :

Materinls uged

Dodecyl atcabol, hexadecyl alechol, vinyl acclate, maleic anhydride, two lincar long —chain
alcohol blends (NAFOL 1822C and NAFOL 1822 ) were supplicd by the CONDA Chemicals
Co. wilh the typical analysis listed in Table (1). The elher chemicals are ol technical grade.

Thitl compositions

A waxy fuel oil derived from the western desert crudes were uscd for evaluating the
performance of the synthesized polymeric procucts. Their physicochemical characlerislics arc
given in Table (2). Tn addition, the n-paralfin content of the [uel oil tested was determined by
urea adduction (Marquet ct al., 1986). Then subjected o gas liquid chromaltegraphic (GL.C)
analysis (L[-Gamal, Gad, Faramawi and Gobil 1992) or delermination of average molecular

weight {wt. averape) and molccular distribution as shown in Table (3) and Figure {1).
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Synthesis of polymeric additives:

A 250 wml tlwee - neck flask with a strring deviee, a rellux condenser and a
capillary ventilated by nitrogen was fixed. The synthesised esters ol vinyl acctade- maleic
anhydride copolymers werc synthesized by reaction viny! accale (0.5 mob) with maleic
anhydride (0.5 mol) in the presence of 2.5 gm of benzoy! peraxide and 200 g ol xylene the
mixtures were refluxed for (our hours, with stitring in the temperature vange 100-120°C under
~mitrogen flushing. Then remove the solvent by cvaporating, linally white powder copolymer
(interimediate product) was obtained. Then esterfication of copolymers by adding (1imol) alcohel
in the presence of 0.4 gm. P-Toluene sulphonic acid and 200 gm. xylenc at [40°C for four hours
wilh stirring continuously. Al the same time, remove the water by —product continuously. Aller
three hours from the re(ilclion ,cool the product to 70-80"C and wash il lwo times by waler.
Finally a viscous liquid named csterilied copolymer maleic anhydride (ESVAM) was oblained.
A homologous serics of aleohols with dilferent carban numbers are obtaingd : Cra(RX-N. Oy
(RX-2 ), Cy (RX-3 ), Cars (RX-4). Fraom IR spectroscopy data the proposed structure of 1he
compound as:
COOR
Cil— CHz_{EI‘F—CH —
St n

0— ]j-——cn,1 COOR

Where R is (CHy);y CHy = (RX-1) or (Clz)is Clly = (RX-2 ) or NAFOL. 1822 = (RX-3 ) or
NAFOL 1822C = (RX-4).

Characterization of the prepared polymers:

The synthesized polymers were characlerized in lerms of  average molecular weiglts (wt.
average), and polydispersily index using gel permeation chwromatography technique against
polystyrene melecular weight standards. The measurements was carried out by a high
‘performance liquid chromatography (HP1.C) apparatus (Waters Model 510) at the fellowing,
conditions: Solvent: toluene HPLC grade. Colunmn: ultrastyragel 506, 1000, 10000, 160000 A.
Temperature: 25°C.Flow speed: 18 cm® min™.

Results are listed in Table (4).

The chemical structure of Lthe prepared copolymers was further studied through infiared spectral

analysis (IFTIR Apparatus) that showed similar pallerns. A representative example RX-1, RX-4

which showcd the appearance of the characleristic bands at: 2955-2849 ¢m™(CII stelch),

(18 )
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1739c¢m™ (C=0 streiching in aliphatic esters), 1465em™ (CHs bending) and i177 em™ (C-C
streiching) as demonstrated in Figure (2).

livaluation tests:

Measurement of flow parameters PP,CP and CFI'L.

The prepared polymers were tested for their cffectiveness as pour point depressants for the
distillate fucl through pour point test according to the ASTM D- 97 procedure. The resulls are
presented as pour point of the pure distillate fuel oil. The pour point reduction was caleulated
by: Pour point reduction = pppue — PPade

- Where, pppuc is the pour point of fucl oil and ppgus is the pour point of the fuc! oil containing
BSVAM as additive. In addition, they were (ested Tor improving the lilterability ol the fuel oil
through cloud pc;inl (CP) test according to the I (219/82 ) procedure and cold filler plugging
point (CIFPP) test according to the IP (309/83 ) procedure.

-Photomicrography

Photomicrographs showing wax crystlallization behavior of the untreated and treated fuel oil
shmplcs with polymerte additives at differenl concentrations have been recorded. An Olypmpus
polarizing microscope model BHSP filled with aulomatic camera with a 35 mn formal was used
for pholomicrographic analysis. The lighl source was a helium lamp.The temperature ¢l the
tested  gas oll samples was controlled on the microscope stide by an attached cooling thermostat
al 0°C. All phiolos were taken al 100X magnilication.

¥

RESULTS AND DISCUSSTON:

I-InfMuence of average molecular weight of ESMVYA copolymers on their cflcectivencss as

floy improvers:

The four synthesized ESVAM (RX-1:R =12 RX-2: R =16, RX-3:R =20 and RX-4 :R =21.5)

are asscssed as flow improvers at 250 ppm concentration in fucl oil in terms of pour point
depression. Their average molecular weights  (wi averapge) and polydispersity index arc
determined by HPLC analysis in (Tabic 4). Data oblained showed (Lhal the prepared polymeric
additives have different molecular weights 19280-36760 and the optimum ecfTecliveness is
achieved at the range of 28000-3400C approximately ( polymers RX-3 and RX-4) vinyl acetate
Jnaleic -anhydride (2:1) in luel oil. 1t is also obscrved that the performance of polymers is
imﬁrovccl with increasing the polydispersity index and the molar ratio of vinyl acetatc (Va)
maleic anhydride (M) is (2:1) morc Mewability than (1:1) and (3:1) respectively. Additive RX-4
willy the highest polydispersity index (3.7} accomplished the aplimum peur point depressian
with respeet to other addilives, whercas additive RX-1 with lowest polydispersity index (1.55)

achicved the Teast depression, This result is compalible with other authors (E1-Gamal, i,

(o)
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Farantawi and Gobil 1992). Thus, it is concluded that average molecular weight and
polydispersity index arc substantial paramcters controlling the eflectiveness ol the used
polymeric additives.

2-Depression cffects on fuel oil by using TSVAM :

2.1 Investigation of PP’ dcpression cffeets:
The PP’s of fuel oil are tested before and afler using ESYAM (RX-], RX-2, RX-3 and RX-D)
with different concenlrations 250,500,750,1000 and 2000 ppm (Table 5} ESVAM cxhibiled

goad PP depression effects on these fuel especially on sample RX-4 which showced better resulls
(Where RX-4 dosage was 250,500ppm A pp = 21"C). Syuthesizéd additives are adsorptive and
cuteclic theories to explain the PP depression mechanism. The PPDs produced at home and
abroad s0 far can only beexplained by adsorplive theory., Afler using PPD and decreasing the
temperature, the moiceule of PPI adsorb on the surface of newly lonmed wikes and prevent the
growth ol the waxes, thus the 'l of fuel is reduced. ESVAMs structure is dilferent from the one
above. It contains not only polar oxygen- containing gronps, but aiso non polar groups (-R). s
PP depression mechanism can be explained by both adsorptive and cutectic theories, After using
ESVAM and decreasing the temperature. Long chain allkyls in BESVAM, which appear ‘tree
branch’ type crystallize with waxes ogether. Therefore the LSVAM s molecules exhihit o *trec
branch’ type. The waxes distribute in the *tree branches’, and it is nol casy Tor them to grow up.
At the samie time, the oxygen-containing groups can alse take iiw role of preventing the prowlh
of the waxes, In this way, the pp of [ucl oil can be reduced. I is obvious that cuteetic theory is
superior o adsorptive theory. A synthetic path bascd on cutectic (heory should be ndvanced and
Thﬁﬁf"PD made should have betier performance.

2.2 Tests of cloud point (CP):

Table (5) showed thal none of denoted additives (RX-1, Rx-2 ) has any clTect on the CP of the
fuel approximately. The CP of other samples (RX-3, Rx-4 ) had more improvement on samples
A CPasoppm = 2°C.This may indicate thal this family of polymeric structines has no effect on the
thermodynamic equilibrium of the fuel and thus do not influcnce paraliin selubility in the fucl
hydrocarbon system which represents the prime cause of CP* depression.

2.3 Tests of cold filter plugging point (CFPY:

Table (6) shows determing results CIFPP by using BESVAM.IL had some filter aiding limited
effects on sample RX-1 and RX-2 bul the CFIP of other samples RX-3, RX-4 had much
dmprovement A CFPPysopp = 5°C.. From both aspects of PP depression and filter aiding ahility,
the PP depression effect of ESVAM is excellent, and it is suitable lor distillate fucl oil, ESYAM

exhibiled good CFPP depression but the reduction ol CP is limited.

()
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2.4. Photoanalysis:

Photoanalysis confirms the above fow tests that evaluate the cold fMlow propertics of
“Gniredled/ireated waxy distiliate fuel oil through wax (':ryslailizalion behavior. Photomicrographs
illustrated in photofigures (3,4) show vartanl wax morphology changes according 1o the type
and concentration of additive. Photoligure (3a) of untreated waxy distillate [ucl oil shows large
wax crystals. When the fuel oil treated with low additives of various performance 1o determine
the effect of concentration of cach of the additives, RX-1 and RX-2.Fhe wax modificalion of
fucl oil was evaluated at 250, and 2000ppm by photoanalysis. Results shown in the phaotofigure
(3b- 3¢) explain that the wax crystal size becomes gradually from large crystal to a great number
of small dots disperscd in the Tuel oil. Decreasing the concentration of the flow improvers PPDY's
increasing small parlicle crystailites in the following order (fue! oil +250 ppm RX-2 > [ucl oil
4 250 ppm R%-1).Fhotomicrographs iliustrated in photefigure. {4) show the action ol either
Addilives RX-3 or RX-4 has led to signifcant reduction of wax crystal size and formation of
abundant pumber  of fine dispersed erystals particulardy by the action ol RX-4 photofigure (4c).
Coneerping  he corréspondcnl flow parameters measurcments,il is revealed that with the
increase of additive activity in terms ol A pp and ACFEPP, the induced wax modification is
increased 1o a higher degree in the order RX-4 > RX-3 > RX-2> RX-I i.e.there is a good
correlation between wax med Neation and measured Now paramelers.

CONCLUSTION:

+ Some of Lhe prepared esters of Cpp- Caps vinyl acclale-maleic anhydride copolymers with

average molccular weight in the range of 19280-36760 were foursd to e effectiveas pour puint
depressants / Mow improvers for the investigated waxy distillate fuel oil.

« Both sverage moleeulnr weight and the polydispersity index of additive drastically affect the

e ~<performance of the pour point depressants / flow improvers.

» NAFOL 1822C ester of Cy5 viny! acetatc-maleic anhydride copolymers #8X-4 has excelicnt
PP depression cffects on the fucl ail used in this work, and cerlain CFPP reduction in part of
them { & PPy = 21'C A CFPPospgpn = 5°C A CPosgppn = 2°C)1L is usclil to improve low
temperatuce (Tuidity of fucl oil.

s The PP depression mechanism of ESVAM can be explained by well known cutectic theory.

» Photomicrography is a simple, and fast analytical 1ool that can reveal gbviously the wax
modificalion induccd by Now impravers and wax dispersants according to their type and

- eoneentralion in wixy fuel ofl.
e The recorded wax crystallization behavior was correlated with the results of standard flow

fesls.

(2 )
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Tahle 1: Typical Analysis of Linear Leng Chain Alcohel Biends (NAFOL)

Loug chain alealiol blend

NATQL  1822C NAFOL 1822
Alcoho! composition (wi.%) Cis-on 0. Cig-on 0.1
Cu.on 5.0 Cia-on 44.5
Czn -(ng ! 65 Czu_ (w)}} ”)3
Can o 77.6 Ca on 44.8
P I CI'I Gkt 0.8 Cl/i (] 0-3
Average carbon number (caleuluted) C..=21.5 C=20
Density (g/cim®) approx. at 80°C = 0.802 at 80°C = 0.810
Solidification point ("C) approx. 64 57
Flash point ("C) approx. 204 202
Lster No. (mg KOH/g) 0.14 n.02
Acid No, (ing KOH/g) 0.05 0.01
fodine No. {mg /100 mg) .31 024
Water (Wi.%) 0.04 0.63
Table 2: Characteristics of Fuel Oil
Test Mcthod Value
Specilic pravity GO/60°T ) [P 160/87 0.8290
Kinenlic viscasity mm’S” at 40°C S - 7o 44
Elash point, "C 11 34785 (87) 136
APl gravily D 287.92 30
Cloud peint {epy "C _ 12219/82 24
Lour point (pp)’C 1P §5/67 (86) I8
Totai sulphmre (wi%) 1P 266/87 0.373
Tolal parailins content Urea adduct 19.03
n-paralTins {wi%) B GIL.C 18.01
Iso-paraffins (wi%) GLC 1.02
_Cold filter plugping point (CFPP),°C I 300/83 P2
Distillation °C ASTM 1D-86
T - 230 _
10% 250
20%, 258
30% B 275
40% 286
50% 299
. 60% 310
T TI0% 335
80% 360
FI3P - 400
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Tahle 3: Carbon Number Distribulion ol n-Paraffin Fraction Separnted Irom the Fuel Qil

Carbon No. Wt % Mol WL
12 0.17 \7¢
13 0.32 154
14 0.86 198
) 0.62 212
16 0.8] 226
17 1.00 240
18 1.25 254
19 TL72 268
20 1,94 282
21 1. 296
22 K 310
23 1.2% 324
24 1.09 133
25 1.03 352
26 0.73 366
27 0.60 380
28 0.40 3t
20 0.25 408
30 0.15 422
3l 0.10 436
32 0.05 450
Total 18.01 i

Total wi% of n-paraffins determined by urea adduction = 19.03.

WI1% ol n- paralfins = 18,01,

W1% ol iso-paraffin =1.02

Averages molceular weight

Average carbon number {n)

18.01

640.382 x10™

= 281239 = C, Haug

= 19.945 = 20

No. ol imoles S

(UM IS (LA

1040

17.39

4343
20.245

A58

41,666
49.212
04,17
68.794
64.527
55.800
A%.814
12248
29.261

19.545
15784
10,152
6427
3,554
2.293
(RN

Table 4: Characlerization of the Preparved Copolyaters and Their Performance as Pounr Poind
Depression for IPoe) Gil at 250ppi Concentration,

Reaction syinbul VL H Cn Ay Mw Pl APP
Molar ratio b
RX-1 | 12 19280 1.55 3
2:1 12 22720 [.58 0
31 12 ___ 26160 .66 3
RX-2 f:1 o 23840 1.75 6
2:l 16 271240 1.95 12
31 16 28520 | 200 | 9
RX-3 M 20 28280 23 4
2:] 20 11720 2.9 k]
3:) 20 35160 31 .
RX-4. 1 21.5 29380 3.4 14
2:1 245 33320 17 21
3:! 21.5 1760 3.5 18

Va:M= The molar ratio of vinyl acetate (Va) to Maleic anhydride {M).
Cn = Carbon number of alcohol.

Av My, =Average molecular weight.

PDI =Polydispersity index.
APP =Pour point depressioi.
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Table 5: Effect of Concentrafion of Esters of Yinyl Acctate ~ Maleic Anhydride Copolymer ou
Clond Point and Pour Point of Fuel Oil

Addifives* 0.0ppm | 250ppm | 500ppm | 750ppm | 1680ppm | 2000ppm

cp 24 24 24 24 24 24

ACDP ¢ 0 0 0 0 0

RX -1 PP 18 12 12 15 15 8
A PP 0 6 6 3 3 0

cp 24 23 23 24 24 24

ACP 0 1 1 0 0 0

RX -2 pp 18 4] 9 9 12 12
APP 0 12 9 9 0 6

cr 24 23 23 23 24 24

ACP 0 1 ! ! 0 D

BX -3 e I8 0 0 Kl G 6
AP 0 I8 18 15 12 12

CP 24 22 22 22 23 24

ACP 0 2 2 | | 0

RX -4 Pp 18 -3 -3 0 0 3
A PP 0 21 21 18 18 15

CP = Cloud point
ACP = Change in cloud point depression
PP = Pour point

APP = Change in pour point depression

* The molar ratio of vinyl acctate to maleic anhydride (2 1)

Table 6: Effeet of Concentration of Esters of Vinyl Acctate — Maleic Anhydride Copolymer on

the Cold Filter Pluggring Point of Fuel Ol

LAdditives* 0.0ppm | 250ppm | S00ppm | 750ppm | {000ppm | 2000ppm

RX -1 Crpp 2 0 [0 ¥ 12 P
A CPPP 0 2 2 { 0 0

RX -2 Crep 12 9 9 10 10 I
A CI'PP 0 3 3 2 2 ]

RX -3 CIpPP 12 8 9 9 11 11

: A CFPP 0 4 3 3 i 1

RX -4 CFPP 12 7 7 8 8 10

ACFPP {) 5 5 4 4 2

CFPP = Cold Jilter plugping point.
ACEFPP = Change in cold filter prupging point depression
* The molar ratio of vinyl acclate lo malcic anhydride (2; 1.
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Il all 4 250 ppm RN-1, PP = 12 CCHERP = (0" e-Fuel oil + 2000 ppm RN 1, PP = 1R ("

A-Fued oif 1 250 ppo RX-2, I'F 6" CFPP =" ¢ Fuel oft + 2008 ppm 1IX-2, P = 27, CTIr =1 "

Phatofigore 3. Plwtomicrographs of Fuel Ol Treated and Fueloil v h

Different Conerntration fram RN-Enmd WX-2 Addithyes.
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n=1eel oil + 250 ppa RX-3, PP =0"C,CFPP - 8 " D-Fucl oft - 2000 ppm RX-3, PUP= 6, CPPP = 117°¢

h . ¢ I—‘| ‘b Vel - 2
eo Wuel oil 4 250 ppin RX- 1, PP = 300 CFPP - 77 o Fuel il -+ 2000 ppm 1RN-4, PP =3"C CFIP=10"¢

Photoligure 1z Photomicrographs of Fuel Oif with Dilferent Conventration

from IX-2and RX-dAddilives.
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