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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 1HNMR. The copolymer leads to a large 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 oC depending on the composition and location of
Norpetco crude oil. Thus establishing the large efficiency of the products
synthesized in this work.  2014 Trade Science Inc. - INDIA

INTRODUCTION

The complex nature of crude oil creates many prob-
lems during its transportation through long distance pipe-
lines. At lower temperature crystallization of waxes cre-
ates problem in restart ability of crude oil after shut-
down of the pipeline. The waxes generally crystallize as
an interlocking network of fine sheets, thereby entrap-
ping the remaining oil in cage-like structures[1-3] and cause
the blockage of pipeline.

The rheological behavior of a crude oil is highly in-
fluenced by its chemical composition, temperature and
the current, as well as previous thermal history. High
waxy crudes exhibit a non-Newtonian character, often
with a yield stress at and below their pour point tem-

perature. At a sufficiently high temperature the crude
oil, although chemically very complex, is a simple
Newtonian liquid. If the waxy crude oil is allowed to
cool, wax will crystallize, agglomerate and entrap the
oil into its structure. This phenomenon often happens if
the ambient temperature of the place is below the pour
point of the crude oil. Pretreatment of the crude oil is
necessary for transportation of these waxy crudes
through the pipeline. Pretreatment of the crude oil with
flow improver is one method by which the rheological
character of the gelled waxy crude is changed for easier
transportation[4].

Flow improver (FI) additive, alternatively 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 a higher volume to surface ratio.
Owing to this change in crystal shape the ability of wax
crystals to intergrowth and interlock is greatly dimin-
ished. The combination of these two effects lowers the
pour point, viscosity and yield stress appreciably, and it
becomes easier for the transportation of waxy crude
oil[5,6]. But wax is not the only component in a crude oil.
Other constituents in the crude oil i.e. asphaltenes, res-
ins, lighter distillates, polar aromatics etc. should also
be considered as important factors while ascertaining
the flow behavior of a crude oil. Asphaltenes are very
large heterogeneous molecules with condensed aromatic
nuclei[7], which may associate to form colloidal sized
particles that strongly influence the viscosity of the oil
medium and affect the crystallization of the wax[8-10].

All pour point depressants are structured so that
part of the molecules is like the paraffin wax crystals,
this part functions by providing nucleation sites and co-
crystallizing with the paraffin waxes, while the other part
of the structure, dissimilar to the wax crystals, blocks
the extensive growth of the wax matrices. This enables
the bulk stream to remain pumpable, pourable and fil-
terable. Oil composition, particularly n-paraffins, plays
an important role in defining the response of untreated
and treated oils to flow improvement[11,12].

These additives were a combination of the conven-
tional flow improvers and wax dispersants. The struc-
ture and composition of wax dispersants is similar to
conventional flow improver in some feature, but differ-
ent in others. They often possess highly polar functional
groups. This polarity may reach a surfactant character,
which is considered as the basic prerequisite for the
dispersant potential. Polar hetero atom containing poly-
mers can function as wax dispersants and flow improv-
ers simultaneously in one component additive[13-17].

So, to find out efficient flow improvers for oil a se-
ries of hetero atom containing polymers were prepared
and characterized, and the influence of the structure of
the polymer as pour point depressant was mainly in-
vestigated in this paper.

EXPERIMENTAL

Materials

Poly ethylene acrylic acid (PEAA) as waste mate-
rial. Hexadecyl alcohol (HDA), Hexadecyl amine

(HDM) and P-Toluene sulfunic acid monohydrate
(PTSA) are from Aldrich Chemicals.

Egyptian waxy crude oil, Norpetco Petroleum Co.
(NPC), was used for evaluating the performance of the
synthesized polymeric additives. Their physico-chemi-
cal characteristics are given in TABLE (1).

Synthesis of PEAA-HDA and HDM copolymers
TABLE 1 :  Physico-chemical characteristics of all crude
oils are used.

Test Method 
Norpetco 
Crude Oil 

API Gravity  at 60 oF 
ASTMD-
1298 

42.1 

Specific Gravity at 
60/60 oF 

ASTM D-
1298 

0.820 

Wax content, (Wt %) UOP 46/64 12.5 
Asphaltene content, 
(Wt %) 

IP 143/84 3 

Water content, vol. % IP 74/70 30 

Pour Point, oC ASTM D-97 27 

PEAA-HDA and HDM copolymers were prepared
by reacting PEAA waste with HDA or HDM under N

2

gas at 140 oC in o-xylene in the presence of 1% PTSA
(wt % based on total weight of reactants). The reaction
was carried out in a four-neck glass flask equipped with
a stirrer, thermometer, nitrogen gas inlet and a reflux con-
denser. The water of the esterification reaction was re-
moved throughout the course of the reaction using Dean
and Stark separator. The PEAA copolymer was first dis-
solved in refluxing o-xylene, and then PTSA catalyst and
HDA or HDM were added to reaction medium.

Pour point measurement

The tested crude oils (50 ml) were heated up to 60
oC and the PPD additives were added at different con-
centration. The solution was shacked for 3 minutes and
the temperature was kept constant to 5 minutes accord-
ing to NPC procedure. The solution was transferred to
bottle test tube in water bath cooled at 48 oC. The tube
was transferred to another cooling bath cooled down to
24 oC. The tube was transferred to cooling bath cooled
down to 0 oC. The pour point temperature was mea-
sured at temperature 48 oC, ASTM D 97-93.

Rheological measurements

A Haake viscometer model Rotovisco RV12 was
utilized to measure the 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 oils ranging from 36 to 12
°C. Yield point, and apparent viscosity values were

determined[18]. Shear-rate, shear-stress, and viscosity
can be calculated by the following equations:

Shear-rate (D)

D= M x n (S 1) (1)

Where; M is shear �rate factor, depending on sensor

system, and n is actual test speed. The actual test speed
is calculated as following:

�R�factor  Reduction

speedtest Set 
n  (2)

Shear-stress (ô):

ô = A x S (Pascal [Pa])  (3)

Where; A is shear �stress factor, depending on time of

measuring drive unit and sensor system, and S is mea-
suring value (scale grade).

Apparent Viscosity (ç):

ç = (G x S)/n (mPa.S)  (4)
Where; G is �instrument factor�, depending on the type

of measuring drive unit and sensor system.

Characterization of the products

All reagents and products for reactions performed in
this investigation were analyzed by Fourier Transform In-
frared Spectrometry (FTIR) in a BIORAD-Excalibur Se-
ries FTS 3500GX system. The method of analysis varied
according to the characteristics of the products, however,
all of them were performed with 20 scans/min and resolu-
tion of 4 cm -1. The copolymer and graft copolymer were
analyzed as molten films between KBr cells.

The analyses by hydrogen nuclear magnetic reso-
nance (1H 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 TMS as internal ref-
erence to NMR chemical shifts.

RESULTS & DISCUSSION

Synthesis of PEAA-HDA and HDM copolymers

The present work aims to prepare ester copoly-

mers soluble in petroleum crude oil to be evaluated for
improving flow properties of petroleum crude oil. In
this respect, PEAA was esterified with HDA and HDM
in presence of PTSA as catalyst at 140 oC 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
acrylic acid copolymer as reactive sites in reactions with
ROH and RNH

2
. The carboxylic acid groups of PEAA

are intermolecular hydrogen bonded, and this fact, in
addition to the effects of the crystalline morphology of
the polymer, makes a true solution difficult to obtain. In
this respect, esterification of HDA and HDM with �
COOH groups of PEAA was completed separately to
produce esters having one type of ester groups and to
determine the reactivity of each group towards PEAA.

All prepared of PEAA esters were soluble in xy-
lene and have to be purified before characterization.

The purified copolymers were analyzed by FTIR
spectroscopy. Spectra of the purified ester copolymer
(PEAA-HDA) sample are shown in Figure (1). In this
respect, increasing of peak intensity at 1735 cm-1 and
decreasing of peak intensity at 1700 cm-1, which rep-
resent C=O stretching of ester group and carboxylic
groups, indicates the conversion of carboxylic acid
groups into ester groups. Furthermore, the appearance
of strong peak at 1100 cm-1 in all spectra, C-O vibra-
tion, indicates the formation of ester for PEAA copoly-
mer. On the other hand, the disappearance of the broad
peak at 3450-2800 cm-1 (�OH stretching of COOH

group) can be attributed to the formation of ester group
for the ester. Copolymer composition was determined
by means of IR spectroscopy.

The chemical structure of PEAA-HDM can be con-
firmed by 1HNMR analysis. The signals in 1HNMR
spectra of the studied copolymer were assigned ac-
cording to published data[19]. In this respect, 1HNMR
spectra of PEAA-HDM are presented in Figures (2).

The new signals at 3.8 ppm in spectra of PEAA-
HDM, which attributed to CONH, of HDM, indicate
that HDM was amidation onto PEAA chains. On the
other hand, the signals at 1.188 ppm are observed in
all spectra and can be attributed to CH

2
 of ethylene.

The presence of singlet and triplet signals at 0.812, 1.2
ppm (CH

3
) in spectra of PEAA-HDM indicates that

COOH group of PEAA were amidation with HDM.
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Pour point

Norpetco field is located in the Egyptian western
desert and as almost of the producing fields in western
desert, Norpetco field produces paraffinic crude with a
relatively medial pour point but the paraffinic chains are
completely different.

The results are presented as pour point reduction
in relation to the pour point of the pure crude oil[8]. The
pour point reduction was calculated by:
Pour point reduction (ÄP) = PP

pure
 � PP

padd
 (5)

Where, PP
pure

 is the pour point of the pure crude oil
and PP

add
 is the pour point of the crude oil containing

The pour point results and pour point reduction (ÄP)

for pure crude oils and for the crude oil containing ad-
ditive (PEAA-HDA and PEAA-HDM) are shown in
TABLES (2, 3).

The chemical additives, referred as pour point de-
pressants, flow improvers, paraffin inhibitors or wax
crystal modifiers, are widely used for overcoming the
problem worldwide. These additives function by one
or more several postulated mechanisms, viz. nucleation,
adsorption, co-crystallization and improved wax solu-
bility that result in the formation of smaller wax crystals
with more regular shape.

The date in TABLES (2, 3), show the pour point of

treated and untreated crude oils for Norpetco-mix and
Ferdaus-mix. In this respect, crude oils which have PPD

Figure 1 : IR Spectrum for PEAA-HDA.

Figure 2 : 1HNMR Spectrum for PEAA-HDM.

TABLE 2 : Pour point data of treated Norpetco-mix crude oil
with PEAA-HDA and PEAA-HDM

PEAA-HDA PEAA-HDM 

10% 20% 10% 20% Crude 
oils 

Dose 
PP, 
oC 

ÄP 
PP, 
oC 

ÄP 
PP, 
oC 

ÄP 
PP, 
oC 

ÄP 

Blank 27 0 27 0 27 0 27 0 

500 24 3 18 9 18 9 15 12 

1000 18 9 15 12 12 15 9 18 

2000 15 12 12 15 9 18 6 21 

Norpetco-
mix 

3000 12 15 9 18 6 21 3 24 

TABLE 3: Pour point data of treated Ferdaus-mix crude oil
with PEAA-HDA and PEAA-HDM

PEAA-HDA PEAA-HDM 

10% 20% 10% 20% Crude 
oils 

Dose 
PP, 
oC 

ÄP 
PP, 
oC 

ÄP 
PP, 
oC 

ÄP 
PP, 
oC 

ÄP 

Blank 24 0 24 0 24 0 24 0 

500 21 3 18 6 18 6 12 12 

1000 15 9 15 9 12 12 9 15 

2000 15 9 12 12 9 15 6 18 

Ferdaus-
mix 

3000 12 12 9 15 6 18 3 21 
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are exhibiting a lower pour point more than that without
PPD at different doses ranging from 500 to 3000 ppm.
The additives were more efficient in reducing the pour
point of the oil obtained from the Norpetco fields.

For all the fields, the additives presented the fol-
lowing performance order: PEAA-HDA < PEAA-
HDM. These behaviors can be correlated to the struc-

ture of PEAA amides that possess HDA and HDM
moieties and its interaction with crude oil. However, it
does not precipitate the sufficient amount that would
be necessary to significantly modify the wax crystals[4].

The effectiveness of a pour point depressant de-
pends on the chemical composition and structural char-
acteristics of the polymer and the length of the alkyl

Figure  3: Relation between shear rate and shear stress of Norpetco-mix Crude with 3000 ppm of PEAA-HDM at Temperatures
at a) 12 oC,   b) 27 oC and c) 36 oC.



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

Full Paper
MSAIJ, 10(9) 2014

An Indian Journal
Materials ScienceMaterials Science

side chain.

Effect of additives on rheology of crude oils

The rheological behavior of crude oil is highly influ-
enced by its chemical composition, temperature and the
current, as well as previous thermal history. High waxy

crudes exhibit a non-Newtonian character, often with a
yield shear stress at and below their pour point tem-
perature[20]. The flow properties of waxy crude oil de-
pend strongly on the shear rate, temperature, rate of
cooling, time of shearing, and composition of the crude
oil[21].

Figure 4 : Relation between shear rate and apparent viscosity of Norpetco-mix Crud with 3000 ppm of PEAA-HDM at
Temperatures at a) 12 oC,   b) 27 oC and c) 36 oC.
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Hence, copolymer additives were evaluated for their
performance as flow improvers in the two tested crude
oils through rheological measurements at concentration
of 500-3000 ppm. Measurements of the shear stress�
shear rate and viscosity- shear rate relationships were
carried out at different temperatures ranging from 36
oC to 12 oC. Shear stress � shear rate relationships for

the untreated and treated crude oils with PEAA-HAD
and PEAA-HDM at different concentrations and tem-
peratures 36 and 12 oC were plotted in Figure 3. This
figure illustrates the fitted experimental data of both
shear stress and shear rate measurements according to
the Bingham plastic model[20].

However, the linear plots of the shear rate-shear
stress curves can be extrapolated to zero shear rates
and the intercept with the y axis is the Bingham yield
value (ôâ). The Bingham yield value is defined as the
shear stress required for initiating flow and it is impor-
tant because it measures the ability of fluid to restart its
flow after shutdown[21]. On the other hand, the relation
between the shear rate and the dynamic viscosity for a
representative example is shown in Figure 4. The dy-
namic viscosity decreases with increasing the shear rate
reaching a limiting value at high shear rate. This infinite
shear rate viscosity is known as the apparent viscosity.

This behavior may be explained by the following
reasons; at temperatures around the pour point of the
waxy crude oils at low shear rate, the energy exerted
by shear and dissipated energy in the matrix tends to
break down the wax crystals partially. But by increas-
ing the shear rate, the dissipated energy is high enough
to overcome the yield stress and start flow[22]. Upon
increasing the shear rate, the size of the agglomerates
decreases and this process releases some of the con-
tinuous phase originally immobilized within the agglom-
erates. As a result, the effective dispersed phase con-
centration decreases, and leads to decreasing the vis-
cosity. The viscosity decreases with increasing the shear
rate until the agglomerates are completely broken into
the basic particles. So the waxy oil system shows non-
Newtonian characteristic.

The behavior of decreasing the rheological param-
eters after addition of the prepared copolymers can thus
be attributed to their chemical structure. The high po-
larity of hetero atom in the copolymer additives was
playing a role in preventing the agglomeration of wax

crystals in crude oil. In addition, the interaction of the
alkyl branch with the paraffin fraction in the oil occur
through well matching of the alkyl chain length and as
discussed before, as the alkyl chain length increases a
better mach occurs[17].

CONCLUSION

 In using the polymer additives obtained in this in-
vestigation, a reduction in the pour point of a sample
of crude oils, thus demonstrating the efficiency of
the products synthesized in this study.

 For the crude oils of Norpetco-mix, the best per-
formance as pour point depressant was obtained in
the order PEAA- HDM <PEAA- HDM.

 The prepared materials show good results as pour
point depressant and as flow improver for the tested
NPC crude oils at concentration 3000 ppm.

 The data of rheological measurements indicate that
the viscometric behaviors of the treated crude oils
depend on the crude oil compositions and the struc-
ture of the prepared PEAA copolymeric additives.

 There is an apparent disagreement between the pour
point reduction and the rheological results obtained
for the PEAA copolymers. This difference has been
ascribed to the different wax particles behavior in
the static pour point test and in the measurements
involving shearing.
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