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ABSTRACT

Hetero Atoms compounds can prepare by direct reaction between acid and
alcohol to form esters or acid and amine to form amides. Ethylene acrylic
acid copolymer, PEAA, was esterified with Hexadecyl alcohol, HDA, and
amidation with Hexadecyl amine, HDM, to produced ester and amide
respectively. The produced ester and amide were characterized by FTIR
and 'HNMR. The copolymer |eadsto alarge reduction in the pour point of
samples of Norpetco Petroleum Co. (NPC) crude oils. The polymeric
additives were diluted with xylene by 10%, 20% and added by different
doses ranged from 500 to 3000 ppm to crude oil to reduce its pour point.
The pour point measurements show good reduction of pour point
temperature from 27 to 3 °C depending on the composition and location of
Norpetco crude ail. Thus establishing the large efficiency of the products

synthesized in this work.

INTRODUCTION

Thecomplex natureof crudeoil crestesmany prob-
lemsduringitstransportation through long distance pipe-
lines. Atlower temperature crystalization of waxescre-
atesprobleminrestart ability of crudeoil after shut-
down of thepipeline. Thewaxesgenerdly crysalizeas
aninterlocking network of fine sheets, thereby entrap-
pingtheremaining ail in cage-likestructures*® and cause
theblockageof pipeline.

Therheologica behavior of acrudeail ishighly in-
fluenced by itschemical composition, temperatureand
the current, aswell as previousthermal history. High
waxy crudesexhibit anon-Newtonian character, often
with ayield stressat and below their pour point tem-

© 2014 TradeSciencelInc. - INDIA

perature. At asufficiently hightemperaturethe crude
oil, although chemically very complex, isasimple
Newtonian liquid. If thewaxy crudeoil isalowedto
cool, wax will crystallize, agglomerate and entrap the
oil intoitsstructure. Thisphenomenon often happensif
the ambient temperature of the placeisbel ow the pour
point of thecrude oil. Pretreatment of thecrudeoil is
necessary for transportation of these waxy crudes
through the pipeline. Pretreatment of the crudeoil with
flow improver isone method by which the rheol ogical
character of thegdled waxy crudeischanged for easier
transportation'.

Flow improver (FI) additive, dternatively known
as pour point depressant (PPD)/wax crystal modifier,
can reduce the growth of the wax crystal and forms
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smaller crystals of ahigher volumeto surfaceratio.
Owingtothischangein crystdl shapetheahility of wax
crystalstointergrowth andinterlock isgresatly dimin-
ished. The combination of thesetwo effectslowersthe
pour point, viscosity and yield stressgppreciably, and it
becomes easier for the transportation of waxy crude
0il®8, But wax isnot theonly componentinacrudeail.
Other congtituentsinthecrudeail i.e. asphatenes, res-
ins, lighter digtillates, polar aromaticsetc. should aso
be considered asimportant factorswhile ascertaining
theflow behavior of acrudeoil. Asphatenesarevery
large heterogeneous mol ecul eswith condensed aromatic
nuclei”, which may associateto form colloidal sized
particlesthat strongly influencetheviscosity of theoil
medium and affect the crystallization of thewax(®19,

All pour point depressants are structured so that
part of themoleculesislikethe paraffin wax crystals,
thispart functionsby providing nucleation stesand co-
crysdlizing withtheparaffin waxes, whilethe other part
of thestructure, dissimilar to thewax crystals, blocks
the extens vegrowth of thewax matrices. Thisenables
thebulk stream to remain pumpabl e, pourableand fil-
terable. Oil composition, particularly n-paraffins, plays
animportant rolein defining the response of untreated
and treated oilsto flow improvement(12,

Theseadditiveswereacombination of theconven-
tiona flow improversand wax dispersants. Thestruc-
tureand composition of wax dispersantsissimilar to
conventiond flow improver in somefesture, but differ-
entinothers. They often possesshighly polar functiona
groups. Thispolarity may reach asurfactant character,
which isconsidered asthe basic prerequisitefor the
dispersant potentia . Polar hetero atom containing poly-
mers can function aswax dispersantsand flow improv-
erssimultaneoudy in one component additive*17,

So, tofind out efficient flow improversfor oil ase-
riesof hetero atom containing polymerswere prepared
and characterized, and theinfluence of the structure of
the polymer as pour point depressant wasmainly in-
vestigated in thispaper.

EXPERIMENTAL

Materials

Poly ethyleneacrylicacid (PEAA) aswaste mate-
rial. Hexadecyl alcohol (HDA), Hexadecyl amine
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(HDM) and P-Toluene sulfunic acid monohydrate
(PTSA) arefromAldrich Chemicds.

Egyptianwaxy crudeoil, Norpetco Petroleum Co.
(NPC), wasused for eva uating the performance of the
synthesi zed polymeric additives. Their physico-chemi-
cd characteristicsaregivenin TABLE (1).

Synthesisof PEAA-HDA and HDM copolymers

TABLE 1: Physico-chemical characteristicsof all crude
oilsareused.

Nor petco
Tes Method CrudeOil
. o ASTMD-
API Gravity at 60 "F 1298 421
Specific Gravity at ASTM D-
60/60 °F 1298 0.820
Wax content, (Wt %) UOP 46/64 125
Asphaltene content,
(Wt %) IP 143/84 3
Water content, vol. % 1P 74/70 30
Pour Point, °C ASTM D-97 27

PEAA-HDA and HDM copolymerswereprepared
by reacting PEAA wastewith HDA or HDM under N,
gasat 140°Cino-xyleneinthe presenceof 1% PTSA
(wt % based ontota weight of reactants). Thereeaction
was carried out in afour-neck glassflask equipped with
adirrer, thermometer, nitrogen gasinlet and areflux con-
denser. Thewater of the esterification reaction wasre-
moved throughout the course of thereaction usng Dean
and Stark separator. The PEAA copolymer wasfirst dis-
solvedinrefluxing o-xylene, andthen PTSA catdys and
HDA or HDM were added to reaction medium.

Pour point measurement

Thetested crudeoils (50 ml) were heated up to 60
°C and the PPD additiveswere added at different con-
centration. Thesolutionwas shacked for 3minutesand
thetemperaturewaskept constant to 5 minutesaccord-
ing to NPC procedure. The solution wastransferred to
bottletest tubein water bath cooled at 48 °C. Thetube
wastransferred to another cooling bath cooled downto
24°C. Thetubewastransferred to cooling bath cooled
down to 0 °C. The pour point temperature was mea
sured at temperature48°C,ASTM D 97-93.

Rheological measurements

A Haakeviscometer model Rotovisco RV 12 was
utilized to measurethe dynamic viscosity for untreated
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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 36to 12
°C. Yield point, and apparent viscosity values were
determined®®. Shear-rate, shear-stress, and viscosity
can becd culated by thefollowing equations:

Shear-rate(D)

D=M xn(S1) 1)
Where; M is shear —rate factor, depending on sensor
system, and nisactud test speed. Theactua test speed
iscaculated asfollowing:

Set test speed

- Reduction factor “R” (2)
Shear-stress(r):
T=AXxS(Pascal [Pa]) ©)

Where; A isshear —stress factor, depending on time of
measuring drive unit and sensor system, and Sismea:
suring value(scaegrade).

Apparent Viscosity (n):

1=(Gx9/n (mPa.S) 4
Where, Gis“instrument factor”, depending on the type
of measuring driveunit and sensor system.

Characterization of theproducts

All reagentsand productsfor reactionsperformedin
thisinvestigationwereandyzed by Fourier TransformIn-
frared Spectrometry (FTIR) inaBIORAD-Excdibur Se-
riesFTS3500GX system. Themethod of anadlysisvaried
according tothe characteristicsof theproducts, however,
al of themwerepeformedwith 20 scangminand resolu-
tion of 4cm L. The copolymer and graft copolymer were
andyzed asmoltenfilmsbetweenKBr cdls.

The anayses by hydrogen nuclear magnetic reso-
nance (*H NMR) were recorded by a BRUKER-
Avance 400 (400 MHz) spectrometer operating at 9.4
T, observing hydrogen at 400.13 MHz, in deutered
chloroform solution (CDC13) and TM Sasinternd ref-
erenceto NMR chemical shifts.

RESULTS& DISCUSSION

Synthesisof PEAA-HDA and HDM copolymers
The present work aimsto prepare ester copoly-
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merssolublein petroleum crudeoil to beevaluated for
improving flow propertiesof petroleum crudeail. In
thisrespect, PEAA wasesterified withHDA and HDM
in presence of PTSA as catalyst at 140 °C for 6h to
produce PEAA-HDA and PEAA-HDM copolymers.

The copolymers have been utilized by esterifica
tion with using the carboxylic acid groups of ethylene
acrylicacid copolymer asreectivesitesin reactionswith
ROH and RNH,.. The carboxylicacid groupsof PEAA
areintermolecul ar hydrogen bonded, and thisfact, in
additionto theeffectsof the crystalline morphol ogy of
thepolymer, makesatruesolution difficult toobtain. In
thisrespect, esterification of HDA and HDM with—
COOH groupsof PEAA was completed separately to
produce esters having onetype of ester groupsandto
determinethereactivity of each group towardsPEAA.

All prepared of PEAA esterswere solublein xy-
leneand haveto be purified before characterization.

The purified copolymerswereanalyzed by FTIR
spectroscopy. Spectraof the purified ester copolymer
(PEAA-HDA) sampleareshownin Figure(1). Inthis
respect, increasing of peak intensity at 1735 cnrt and
decreasing of peak intensity at 1700 cm?, which rep-
resent C=0 stretching of ester group and carboxylic
groups, indicates the conversion of carboxylic acid
groupsinto ester groups. Furthermore, the appearance
of strong peak at 1100 cm*in al spectra, C-O vibra-
tion, indicatestheformation of ester for PEAA copoly-
mer. On theother hand, the disappearance of thebroad
peak at 3450-2800 cm! (—OH stretching of COOH
group) can beattributed to the formation of ester group
for theester. Copolymer composition wasdetermined
by meansof IR spectroscopy.

Thechemicd structureof PEAA-HDM canbecon-
firmed by 'THNMR analysis. Thesignalsin tHNMR
spectraof the studied copolymer were assigned ac-
cording to published datd¥. In thisrespect, 'HNMR
spectraof PEAA-HDM are presented in Figures(2).

Thenew signalsat 3.8 ppmin spectraof PEAA-
HDM, which attributed to CONH, of HDM, indicate
that HDM was amidation onto PEAA chains. Onthe
other hand, thesignalsat 1.188 ppm are observedin
all spectraand can be attributed to CH, of ethylene.
Thepresenceof singlet andtriplet sgnalsat 0.812, 1.2
ppm (CH,) in spectraof PEAA-HDM indicatesthat
COOH group of PEAA wereamidationwithHDM.

e, P aterioly Seience
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Figurel: IR Spectrumfor PEAA-HDA.
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Figure2: 'HNMR Spectrumfor PEAA-HDM.

Pour point

Norpetcofieldislocated inthe Egyptian western
desert and asalmost of the producing fieldsinwestern
desert, Norpetcofied producesparaffinic crudewith a
relaively medid pour point but theparaffinicchainsare
completdy different.

Theresultsare presented as pour point reduction
inrelation to the pour point of the purecrudeoil®. The
pour point reduction was cal cul ated by:
Pour point reduction (AP) = PP e PPraa (5)
Where, PP, isthe pour point of the pure crude oil
and PP_,, isthepour point of the crudeoil containing

Thepour point resultsand pour point reduction (AP)
for purecrudeoilsand for the crudeoil containing ad-
ditive(PEAA-HDA and PEAA-HDM) areshownin
TABLES(2, 3).

Thechemical additives, referred aspour point de-
pressants, flow improvers, paraffin inhibitors or wax
crystal modifiers, arewidely used for overcoming the
problem worldwide. These additivesfunction by one
or moresevera postulated mechaniams, viz. nuclestion,
adsorption, co-crystallization and improved wax solu-
bility that resultintheformation of smaller wax crysta's
with moreregular shape.

Thedatein TABLES (2, 3), show the pour point of
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treated and untreated crude oilsfor Norpetco-mix and
Ferdaus-mix. Inthisrespect, crudeoilswhich have PPD

TABLE 2: Pour point data of treated Nor petco-mix crudeail
with PEAA-HDA and PEAA-HDM
PEAA-HDA

10%  20%
PP, PP
°C °C
27 27
24 18
18 9 15 12
15 12 12 15
12 15 9 18

PEAA-HDM
10%  20%
PP, PP
°C °C
27 27 0
18 9 15 12
12 15 9 18
9 18 6 21
6 21 3 24

Crude

; Dose
oils

AP

0
3

" AP

0
9

AP
0

" AP

Blank
500
1000
2000
3000

Norpetco-
mix

TABLE 3: Pour point dataof treated Fer daus-mix crudeail
with PEAA-HDA and PEAA-HDM

PEAA-HDA PEAA-HDM
C(r) ﬁge Dose 10%  20%  10%  20%
F;g, AP F:g’ AP F;g, AP F;g, AP

Blank 24 0 24 0 24 0 24 0

. 50 21 3 18 6 18 6 12 12
an?; AUS 1000 15 9 15 9 12 12 9 15
2000 15 9 12 12 9 15 6 18

3000 12 12 9 15 6 18 3 21
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areexhibiting alower pour point morethan that without
PPD at different dosesranging from 500 to 3000 ppm.
The additiveswere moreefficient in reducing the pour
point of the oil obtained from the Norpetcofields.

For dl thefields, the additives presented thefol-
lowing performance order: PEAA-HDA < PEAA-
HDM. Thesebehaviors can be correlated to the struc-
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ture of PEAA amides that possess HDA and HDM
moietiesand itsinteraction with crudeoil. However, it
does not preci pitate the sufficient amount that would
be necessary to significantly modify thewax crystal§*.

The effectiveness of apour point depressant de-
pendsonthechemica compositionand structura char-
acteristics of the polymer and thelength of the alkyl
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Figure 3: Relation between shear rateand shear stressof Nor petco-mix Crudewith 3000 ppm of PEAA-HDM at Temper atures

at a) 12°C, b)27°Candc)36°C.

——, Pty Science

Au Tudian Yournal



360

Effect of hetero atoms on crystal wax structures modification for egyptian waxy crude oils

MSAIJ, 10(9) 2014

Full Poper
sdechan.
Effect of additiveson rheology of crudeoils

Therheol ogicd behavior of crudeoil ishighly influ-
enced by itschemica composition, temperatureandthe
current, aswell aspreviousthermd history. Highwaxy

crudesexhibit anon-Newtonian character, oftenwitha
yield shear stressat and below their pour point tem-
perature?”, Theflow properties of waxy crudeoil de-
pend strongly on the shear rate, temperature, rate of
cooling, timeof shearing, and composition of thecrude
oilt?,
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Figure4: Relation between shear rateand appar ent viscosity of Nor petco-mix Crud with 3000 ppm of PEAA-HDM at

Temperaturesat a) 12°C, b) 27°C and c) 36 °C.
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Hence, copolymer additiveswereevauated for their
performance asflow improversin thetwo tested crude
oilsthrough rheol ogical measurementsat concentration
of 500-3000 ppm. M easurements of the shear stress-
shear rateand viscosity- shear raterel ationshipswere
carried out at different temperaturesranging from 36
°C t0 12°C. Shear stress—shear rate relationships for
theuntreated and treated crude oilswith PEAA-HAD
and PEAA-HDM at different concentrationsand tem-
peratures 36 and 12 °C wereplottedin Figure 3. This
figureillustratesthefitted experimental dataof both
shear stressand shear rate measurementsaccording to
the Bingham plastic modd @,

However, thelinear plotsof the shear rate-shear
stress curves can be extrapol ated to zero shear rates
and theintercept with they axisisthe Binghamyield
value (). TheBinghamyield valueisdefined asthe
shear stressrequired for initiating flow and it isimpor-
tant becauseit measuresthe ability of fluidtorestart its
flow after shutdown?. Ontheother hand, therelation
between the shear rate and the dynamic viscosity for a
representative exampleisshownin Figure4. Thedy-
namic viscodity decreaseswith increasing theshear rate
reaching alimiting valueat high shear rate. Thisinfinite
shear rateviscosity isknown asthe apparent viscosity.

Thisbehavior may be explained by thefollowing
reasons, at temperatures around the pour point of the
waxy crudeoilsat low shear rate, the energy exerted
by shear and dissipated energy inthe matrix tendsto
break downthewax crystalspartially. But by increas-
ing the shear rate, the diss pated energy ishigh enough
to overcometheyield stress and start flow!?2. Upon
increasing the shear rate, the size of the agglomerates
decreases and this process rel eases some of the con-
tinuousphaseorigindly immobilized withintheagglom-
erates. Asaresult, the effective dispersed phase con-
centration decreases, and leadsto decreasing thevis-
cosity. Theviscosity decreaseswithincreasing theshear
rate until the agglomerates are completely brokeninto
the basic particles. So thewaxy oil system showsnon-
Newtonian characteristic.

Thebehavior of decreasing therheologica param-
etersafter addition of the prepared copolymerscanthus
beattributed to their chemical structure. The high po-
larity of hetero atom in the copolymer additiveswas
playing arolein preventing the agglomeration of wax
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crystasincrudeoil. In addition, theinteraction of the
alkyl branch with the paraffin fractionintheoil occur
through well matching of thealkyl chainlengthand as
discussed before, astheakyl chainlengthincreasesa
better mach occurg*”.

CONCLUSION

e Inusingthepolymer additivesobtainedinthisin-
vestigation, areductionin the pour point of asample
of crudeoils, thusdemonstrating the efficiency of
the products synthesized in thisstudy.

e Forthecrudeoilsof Norpetco-mix, the best per-
formance as pour point depressant wasobtainedin
the order PEAA- HDM <PEAA-HDM.

e Theprepared materials show good results as pour
point depressant and asflow improver for thetested
NPC crudeoilsat concentration 3000 ppm.

e Thedataof rheological measurementsindicatethat
theviscometric behaviorsof thetreated crudeoils
depend onthe crudeoil compositionsand thestruc-
ture of theprepared PEAA copolymeric additives.

e Thereisan gpparent disagreement between the pour
point reduction and the rheol ogica resultsobtained
for thePEAA copolymers. Thisdifferencehasbeen
ascribed to the different wax particlesbehavior in
thestatic pour point test and in the measurements
involvingshearing.
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