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ABSTRACT KEYWORDS
This study aimsto prepare some compounds based on PEAA co-polymer. Waxy crudes;
PEAA wasreacted with alcohols and aminesthen grafted with vinyl acetate Pour point depressants;
in the presence of PTSA as catalyst and xylene as solvent to produce graft Flow improvers.

co-polymers. The influence of PEAA graft co-polymer (PEAA- g-VA), as
flow improver, on the viscosity and pour point of some Egyptian waxy
crude oils were studied. The produced gravt co polymer was purified and
characterized by FTIR and *HNMR. The rheologica behaviors were
measured at different concentration (from 1000 to 5000 ppm) and
temperatures below and equal the pour point temperature. The copolymer
leadsto alarge reduction in the pour point of samples of Khalda Petroleum
Co. (KhPC) crude ails. These reductions of pour point temperature were
depending on the composition and location of Khalda crude oil. Thus
establishing the large efficiency of the products synthesized in this work.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION to be used to reduce the apparent viscosity, the flow

limit and the pour point of 0il$§*®. During production,

Crudeail containinghighamount of wax exhibithigh  these additivesminimize problemsrelated to the depo-
pour point and non-Newtonian viscosity behavior be-  sition of paraffinwaxes min the production equipment.
low the cloud point. The pour point of thecrudeoil is  Thus, thedevelopment of new additivesthat can solve
thetemperature at which the crudeisjust capableto  or minimize such problemsisof great interest for the
flow under specified condition of testing. Toovercome  petroleum industry in thewholeworld. According to
such problem pour point depressants (PPD) havebeen  Kumar’s investigation on pour point depressantst®, an
used which contain oil solublelong chainakyl group  efficient polymericadditivefor paraffin oilsshould bea
and apolar moiety inthemolecular structure. Thelong  linear polymer or copolymer that has pendant hydro-
chaindkyl groupinsertintowax crysta and polar moi-  carbon chain groups and/or presents hydrocarbon
ety exist on thewax surface and reduceswax crystal  chainsinthe polymeric backbone. In order to synthe-
size»2, Thus, chemical productsknownasflowim- sizeapolymer that can perform asan agent to reduce
provers, crystal modifiersand pour point reducersneed  the pour point, thefollowing characteristics should be
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considered: asufficient number of pendant dkyl groups,
akyl groupswith sufficiently long chains, aconvenient
distance between the hydrocarbon pendant chains; a
medium molar mass; in the case of acopolymer, asuit-
ableratio between theco-monomers, ahigh stability of
theadditiveand, theamorphousor crystalline nature of
the additive®+™9. Themost extensively used flow im-
prover for fuel oilsareethylene-vinyl acetate copoly-
mer’®4 alkyl ester of unsaturated carboxylic acid-
olefin copolymer(t®%8, maleic anhydridealkyl ester of
unsaturated carboxylic acid copolymer(617,

This paper describesthe synthesis, characteriza-
tion and evd uation of the performanceof variousPEAA
graft co-polymers as pour point depressant and flow
improver additivesfor some Egyptian waxy crudeoils
(Khadacrude).

EXPERIMENTAL

Materials

Poly Ethyleneacrylicacid (PEAA) iswaste mate-
rial. Fatty alcohols and amines, Vinyl acetate (VA),
Benzoyl peroxide (BzPO) and P-Toluenesulfunicacid
monohydrate (PTSA) are from Aldrich Chemicals.
Egyptian waxy crude oil, Khalda Petroleum Co.
(KhPC), was used for evaluating the performance of
the synthesized polymeric additives.

Synthesisof graft copolymers

PEAA copolymers were prepared by reacting
PEAA wastewith Fatty a coholsand aminesunder N,
gasat 140°Cino-xyleneinthepresence of 1% PTSA
(wt % based on total weight of reactants). Thereaction
wascarrieout in afour-neck glassflask equipped with
astirrer, thermometer, nitrogen gasinlet and areflux
condenser. The water of the reaction was removed
throughout the course of thereaction using Dean and
Stark separator. The PEAA copolymer wasfirst dis-
solved inrefluxing o-xylene, and then PTSA catayst
and alcohol or aminewere added to reaction medium.
The product was grafted with vinyl acetate (ratio of
reactantsare 65% co-polymer to 35% vinyl acetate) in
the presence of benzoyl peroxideasinitiator for 6hto
produced four samples (PEAA-C -OH, PEAA-C -
NH,, PEAA-C,-OH-g- VA, and PEAA-C -OH-g-
VA).
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Rheological measurements

A Haake viscometer model Rotovisco RV12was
utilized to measurethedynamic viscosity for untreated
and treated crude oil with some selected pour point
depressants at different concentrations (from 500 to
3000 ppm) and at different temperatures above and
below pour point of crude oilsranging from 36 to 15
°C. Yield point, and apparent viscosity values were
determinedi*®l,

Pour point measurement

Thetested crudeoils (50 ml) were heated up to 60
°C and the PPD additiveswere added at different con-
centration. The solution wastransferred to bottle test
tubeinwater bath cooled at 48°C. Thetubewastrans-
ferred to another cooling bath cooled down to 24 °C.
Thetubewastransferred to cooling bath cooled down
to 0°C, thenthe pour point temperature was measured
at temperature48°C,ASTM D 97-93.

RESULTS& DISCUSSION

Characterization of graft co-polymers

The present work aimsto prepare graft co-poly-
merssolublein petroleum crudeoil to be evaluated for
improving flow propertiesof waxy crudeail. All graft
co-polymers haveto be purified before characteriza-
tion. Thepurified copolymerswereanayzed by FTIR
spectroscopy. Inthisrespect, increasing of peak inten-
sity at 1735 cm* and decreasing of peak intensity at
1700 cm®, which represent C=0 stretching of ester
group and carboxylic groups, indicatesthe conversion
of carboxylic acid groupsinto ester groups. Further-
more, the appearance of strong peak a 1100 cnrtinal
spectra, C-Ovibration, indicatestheformation of ester
graftsfor PEAA copolymers. On theother hand, the
disappearance of the broad peak at 3450-2800 cm'?
(—OH stretching of COOH group) can be attributed to
theformation of ester groupsfor al grafts. A strong
absorption of bending vibration at 721cmr can be at-
tributed to the presence of C-(CH,) -C aslong alkyl
chain moiety of the ester graft. On the other hand ap-
pearance of peak at 3010 cm* (CH stretching of aro-
matic) indicatesthe ester groups produced onto PEAA
backbone asside chain.
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To analyses co-polymer containing > 20-40 mol %
VA, the absorption bandsat 1372 cm™* (rocking CH,,
inacetate groups) and at 2925 cm* (stretching CH, in
ethylene units)**® were used.

Thenew signalsat 1.97,4.9-5.3and 3.8ppminadl
spectraof PEAA graftswhich attributed to COOCH,,
COOCH, and CHCO of VA, indicate that VA was
grafted onto PEAA chains. Ontheother hand, thesig-
nasat 1.188 and 1.42 ppm areobservedin all spectra
and can be attributed to CH, of ethyleneand VA, re-
spectively. Thepresenceof singlet andtriplet Sgnasat
0.812, 1.2 ppm (CH,) in spectraof all sampleswere
studied indicatethat COOH group of PEAA werees-
terified with a cohols and amides. On the other hand,
thesignalsat 6 =1.25 ppm of the methylene protons in
the PE backbone and & = 3.65 ppm of the grafts co-
polymersareobservedin al spectraand indicate that
the ester and amide groupswereformed from PEAA
with acoholsand amides.

Pour point measurement

Effect of additiveson pour point of thetested crude
oils

The additivesarefunction by oneor more several
postulated mechanisms, viz. nucleation, adsorption, co-
crystdlization and improved waxy solubility, which re-
sultintheformation of smaler wax crystalswith more
regular shape'?l, Polymers such asvinyl acetate co-
polymer, acrylate copolymer and their derivativesare
the main additivesused to improvetheflowability of
very waxy crudeoil, diesel fuel and other baseoilsat
low temperature?!.

The pour point temperatures (PPT) valuesof un-
treated and treated of the tested crude oilswith con-
centration of additiveswerecdculated lisedinTABLES
1-5. Thesetablesindicatethat the PPT valuesdecreased
withincreasingof additive concentrationsfrom 500 ppm
to 5000 ppmfor different crudeoils. Ontheother hand,
the TABLE 1-5 indicate that the prepared graft co-
polymers can be used as pure point depressant de-
pending on thecomposition of crudeoils.

TABLE 1-5illustratetheresultsobtained fromthe
pour point measurementsfor the crudeoils. Pour point
valuesreduction higher than 21 °C (AP values) were
achieved by adding 500 and 5000 ppm of graft PEAA
copolymersto thecrudeoils. Thismeansthat, inthis

TABLE 1: Pour point measurementsfor graft copolymers
(PPD) at UM B mix crudeail

Pour Point Temperature (PPT), °C

Dosage,
ppm PEAA- PEAA- PEAA- PEAA-
CisOH Ci;gNH, C,;50H-VA  Cy;gNH,-VA
Blank 21 21 21 21
1000 12 9 6 6
2000 9 6 3 3
3000 6 6 3 3

TABLE 2: Pour point measurementsfor graft copolymers
(PPD) at K hip mix.crudeoil

Pour Point Temperature (PPT), °C

Dosage,
ppm PEAA- PEAA- PEAA- PEAA-
Cig0H CigNH, Ci;50H-VA  CigNHo-VA
Blank 27 27 27 27
1000 18 15 12 12
2000 15 12 9 9
3000 12 9 6 6
TABLE 3: Pour point measurementsfor graft copolymers
(PPD) at SUMPECTO mix crudeail
Pour Point Temperature (PPT), °C
Dosage, - -
pom  PEAA- PEAA- - (LT R
18 18 2 VA VA
Blank 33 33 33 33
1000 30 30 30 30
2000 27 24 24 21
3000 21 18 15 15
5000 15 12 12 9

TABLE 4: Pour point measurementsfor graft copolymers
(PPD) at SALAM BASE mix crudeoil

Pour Point Temperature (PPT), °C

Dosage,
ppm PEAA- PEAA- PEAA- PEAA-
CigOH CygNH, C,;s0H-VA CygNH-VA
Blank 30 30 30 30
1000 24 24 21 21
2000 15 15 12 12
3000 12 12 9 9
5000 9 9 6 6

concentration range, the additive co-crystallizeswith
theparaffin, modifying their crystas.

Rheological measurements
Evaluation of PEAA graftsasflow improver

PEAA graft co-polymerswere evauated for their
performanceasflow improversfor thetested crudeoils
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TABLE 5: Pour point measurementsfor graft copolymers
(PPD) at KHAL DA mix (all crudeail for KhPC)

Pour Point Temperature (PPT), °C

Dosage,
ppm PEAA- PEAA- PEAA- PEAA-
Cis0H Cy;sNH, C;50H-VA  CygNH-VA
Blank 27 27 27 27
1000 21 18 18 18
2000 15 15 12 12
3000 12 12 9 9
5000 9 9 6 6

through rheol ogica measurementsat concentrationfrom
500 to 5000 ppm. Measurements of the viscosity —
shear ratereationship werecarried out at different tem-
peraturesranging from 36 °C to 15 °C. The apparent
Viscosity — shear rate relationships for the untreated and
treated crudeoils at the sel ected concentration (3000
ppm) of PEAA graft copolymersareplottedin Figures
1-3asflow improversat different temperatures.
It was observed that the PEA A graft co-polymers
2400
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having alkyl side chainsare efficient additivesasflow
improver. On the other hand, the apparent viscosity —
shear rate relationships show non-Newtonian
pseudoplastic behaviorsat different |ow concentrations
and temperatures(equa or below their pour point) but
thelr yield stressand viscosity valueswere decreased
ascompared with untreated crudeoilsevenat low tem-
peratures. However, the dynamic viscosity decreases
withincreasing the shear ratereaching alimiting value
at high shear rate. Thisinfinite shear rate viscosity is
known asthe apparent viscosity'?.
Thesedataindicatethat PEAA co-polymericaddi-
tiveshavethe ability to disperse asphatene particles
around thewax crystd sand improvetheflow behavior
of the tested crude oils. The behavior of decreasing
rheological parameters after addition of the prepared
co-polymers can thus be attributed to their chemical
sructure. Thehigh polarity of oxygenintheester group
aong the co-polymer chain played arolein preventing
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the agglomeration of wax crystalsin crude il

Effect of temperaturesand shear on therheologi-
cal behavior of untreated and treated crudeoils

Chemical additiveswereevaluated for their per-
formanceasflow improversfor thetested crudethrough
rheologica measurementsat concentration of 500-5000
ppm. Measurements of the shear stress — shear rate
relationship were carried out at different temperatures
ranging from 15°Cto 36 °C.

The obtained dataof np, ty and correlation coeffi-
cient weredeterminedfor al tested crudeoilsat differ-
ent temperatures. The selected additivesfrom prepared
additivesarelistedin TABLE 6. However, thelinear
plots of the shear rate-shear stress curves can be ex-
trapol ated to zero shear ratesand theintercept with the
y axisisthe Bingham yield value (tf3). The Bingham
yield valueisdefined asthe shear stressrequired for
initiating flow and it isimportant because it measures
theability of fluid to restart itsflow after shutdown(?4,

Ontheother hand, theapparent viscosities(mPaS)
of theuntreated and a so treated crude oil with PEAA
graft co-polymersweredetermined at different tem-
peratures and eval uate the effect of polymerson the
crudeoil viscosities. The dataindicate that the visco-
metric behaviorsof thetreated crude oil depend on the
crude oil compositions and the structure of the pre-
pared PEAA co-polymeric additive. Inthisrespect, the
vauesof theplastic viscosity (mPaS) and yield values
(Pa) are found to decrease by the addition of PEAA
graft co-polymeric additiveseven at low concentrations
(500 ppm). Itisobviousthat the plastic viscosity and
yield stressva uesdecreased significantly with increas-
ing the concentration of the additiveswith crudeoil up

to 5000 ppm.

Theminimumyidd sresswasatained a 3000 ppm
concentration for theadditiveswith crudeoil. Thiscan
be attributed to the interactions between the additives
and crudeoil congtituents. Eventudly, thefina activity
of the polymeric additivesasflow improver for petro-
leum crudeail isjudged by the degree of interaction of
thetwo structures, and by rel ating the physi cochemical
properties of the polymers with wax, resin and
asphaltene composition of crude oil®27,

Thedatalisted in TABLE 6 for tested crude oils
indicatethat thelength of sidechaindecreasestheplas-
ticviscosity andyield stressfor the crude. Thismay be

TABLE 6: Rheological measur ement data of Khaldacrudeail
without and with PEAA-C NH_-VA gr aft co-polymer at differ-
ent temperatures

Temperatures Corﬁ:g;ljtl?z\a/t?ons I_Dlasti_c Yield Corre_la_lion
(PPM) Viscosity Value Coefficient
Blank 19.97 3.46 0.994
1000 414 2.05 0.996
15°C 2000 3.28 1.76 0.998
3000 2.61 1.58 0.998
5000 191 1.38 0.999
Blank 10.36 1.78 0.996
1000 2.98 142 0.999
27°C 2000 2.15 121 1.0
3000 1.66 1.05 10
5000 128 0.87 1.0
Blank 4.43 1.08 0.999
1000 2.16 0.86 10
36°C 2000 143 0.63 10
3000 0.94 0.48 1.0
5000 0.59 0.31 1.0
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explained by thelack of interaction between thealkyl
chainmoietieswiththen-paraffinesinthewax congtitu-
ent of thecrudeoils. In our system, the mechanismfor
improving thecrudeoil viscosity by using additivescan
bereferred to its ability to disperse asphaltene mol-
ecules. Theadditivesdispersethe aspha tenesand con-
centratethem onwax crystalstoimpedetheformation
of largecrystds. Therefore, thesizeof thewax crystal's
isinareduced formtolower theviscosty of crudeails.
Thecrysta growth rate of thesewaxesis s ower than
that of the normal wax crystal without PPDI?2,
Figures4 and 5 showsthat the plotsof plasticvis-
cosity Vstemperature and yield value V stemperature
for different dosages of synthesized additivesfor KhPC
crudeoil. All theseplots (with additives) arelinear and
show adecreasing d opeasthetemperatureisincreased,
up to thepour point of crude oil. Thedecreasing slope
of plotsindicatesthetransition of non-Newtonianto
Newtonian behavior of KhPC crudeoil withincreasing

temperature and concentration from 1000 ppmto 5000
ppm.

CONCLUSION

1 Forsynthesisof PEAA graft co-polymer, we noted
that for agiven co-polymer composition, increas-
ingthelength of theakyl group improvesthe per-
formanceof theadditive.

2 FortheKhadacrudeails, thebest performance as
pour point depressant was obtained by PEAA-g-
VA with amine and the optimum dosage was 3000
ppm.

3 Theprepared material show agood resultsaspour
point depressant and asflow improver for thetested
KhPC crude oilsat concentration 3000 ppm.

4 Therheologica measurementsindicate that the
viscometric behaviorsof thetrested crudeoilsde-
pend onthe crude oil compositionsand the struc-
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tureof the prepared PEAA co-polymeric additives.

5 Thevauesof theplasticviscosity (mPaS) andyied
values (Pa) arefound to decrease by the addition
of PEAA graft co-polymeric additivesevenat low
concentrations (500 ppm).

6 PEAA graft co-polymeric additives show non-
Newtonian pseudopl astic behaviorsat different low
concentrations and temperatures (equal or below
their pour point) but their yield stressand viscosity
va ueswere decreased ascompared with untreated
crudeoilseven at low temperatures.
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