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4.CONCLUSIONS

From the previous work it can be concluded that:

The performance of PEAA-g-VA copolymers blended with
hexaabietylamide as pour point depressant strongly depends
on the copolymer composition and there is an optimum
concentration to obtain the best efficiency.

For the crude oils of Karama and BS 20% WR, the best
performance as pour point depressant was obtained with
PEAA-3.

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.

A paraffin deposition flow system was constructed, which
simulates the paraffin deposition in flow lines.

The apparatus was used to test the paraffin deposition rates
and wax mitigation methods such as pour point depressants/
for QPC wax crude oils.

The paraffin deposition rates were calculated and plotted
for each experiment and results analyzed.

It was also determined that this paraffin dispersant was not

effective in removing wax once it had already deposited.
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e The prepared materials show good results as flow improver

for the tested QPC crude oil at concentration 10,000ppm.
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S-SUMMARY

This work aims to solve the transportation problems of the waxy
petroleum crude oil by preparation of modified polymers from a
plastic waste and colophony. A series of rosin monoester and amide
have been prepared by esterification of rosin acid with long chain
alcohol blend (Nafol 207), polyethylene glycol (PEG 400, 600, 1000
and 4000 ) and hexadecylamine. The rosin diester derivatives were
prepared by esterification of rosin -maleic anhydride adduct with
Nafol 20" only or polyethylene glycol-1000 and Nafol 20" . These
reactions were carried out to prepare eight rosin acid derivatives.
The products purified and characterized by FTIR and 'H NMR
analysis.

Ethylene acrylic acid copolymer, PEAA, was selected to reuse by
grafting reactions and to convert into useful products. This work
aims to synthesize new modified polymers based on chemical
modification of ethylene acrylic acid copolymer with ethanol and
methanol followed by reaction with vinyl acetate to produce three
types of esterified grafts. The three types of grafts were synthesized
to study their capability as wax dispersants of wax crude oils of
Qarun Petroleum company (QPC) to solve their transportation
problem into petroleum pipe-lines. On the other hand, ester of
colophony amide using hexadecyl amine was prepared and blended
with ethylene acrylic acid copolymer ester. The blendes were tested

as wax dispersant of QPC crude. Three crude oils produced by QPC
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as Bani Suef, Karama and Wadi Rayan crude oils were selected to
evaluate PEAA and colophony derivatives as wax dispersants.
Several techniques have been used to minimize the problems caused
by the wax deposition, and the continuous addition of polymeric
inhibitors is considered an attractive technological alternative. The
additions of copolymers like PEAA esters permit to inhibit the
deposition phenomenon; this effect is not specific, i.e. similar
copolymers present different performance depending on their
physico—chemical properties in solution. In this work, the influence
of the PEAA ester content on the viscosity and the pour point of
QPC crude oil were evaluated. A correlation between both results
was also obtained. The solubility parameter of PEAA copolymers,
with different vinyl acetate contents, were investigated together with
an evaluation of the efficiency of these copolymers as pour point
depressants for two different samples of crude oil. PEAA
copolymers containing methyl ethyl and vinyl acetate were tested
with the crude oil using 100, 250, 500, 1000, 2000, 5000 and 10,000
ppm of PEAA as pour point depressants additive (PPD). The
prepared PEAA copolymers were blended with 50% of colophony
amide to evaluate their efficiency as PPD for wax crude. The pour
point results revealed blend of esterified PEAA graft with 30% of
vinyl acetate and colophony amide to be the most efficient at 10,000
ppm concentration.

Transportation of paraffinic crude in a cold environment can result in
wax depositions, which are solid deposits, on the pipe wall. The

formation of paraffin in the bulk of the petroleum is a crystallization



174

Results and Discussion

process in solution. Such phenomenon occurs along the pipe
connected to offshore wells and even onshore. Its main implication
is a paraffin blockage with serious economical consequences. This
work aims to learn about paraffin deposit formation using a cold
finger methodology, in two types of Egyptian crude oils (Bensuif
and Karama). The polythermal method is used in wvarious
experiments using different temperatures in both cold finger and
bulk of the fluid. The experiments measure: the thickness of the
deposits, as well as the deposition rates, degree of subcooling and,
finally, the induction for the onset of wax. The methodology allows
the evaluation of the critical time of deposition and the critical
temperature difference between the hot petroleum source and the
cold seawater temperature. It is shown that the deposit rate depends
on this temperature difference, as well as the cooling surface, the
nucleation kinetics and the growth of the crystals on the cold finger
surface. The work discusses carefully the experiments design under
the light of dimensional analysis.

The values of critical temperature differences are relatively small
and show that the encrustation is easily attained in the petroleum
flow. The methodology implemented is simple and allows the
prediction of very important information about the mechanism of
paraffin encrustation that could pave the way to avoid paraffin
deposition in  petroleum production due to high temperature
differences between the heat petroleum sink source and the cold

weather.
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The rheological behavior of highly wax crude oils was studied to
evaluate the transportation parameters of crude oils. For this reason
we have designed the preparation of additives to be compatible with
both wax and crude oil resins where they can surround the wax
crystal to act as wax dispersants and consequently affect the
rheological behaviors of wax crude oils. The results obtained from
viscosity measurements showed that only below the temperature at
which wax crystals start forming did the copolymer exhibit a strong
influence in the reduction of oil wviscosity, at an optimum
concentration. The results obtained from both experiments showed
that the viscosity and the pour point behaviors do not show good
correlation. Not only the solubility parameter and the vinyl acetate
content, but also the molecular weight and polydispersity have an
important \inﬂuence on both phase behavior and pour point
depression. Furthermore, it was confirmed that the additive must
present a reduced solubility at a temperature close to the crude oil
cloud point. This, however, is not the only factor that determines the
efficiency of the additive as paraffin/wax deposition inhibitor. In the
present work, the rheologicai properties of three crude oils were
measured at different temperatures in the range of 48°C to 15 °C in
presence and in absence of PEAA additives.

In this work, we described a laboratory simulation of paraffin
deposition using a specially designed flow-tube apparatus. This was
used to determine the deposition from the Qarun crude oil obtained
from the QPC. The obtained four parafﬁﬁ inhibitors were obtained

for these crude and used to mitigate the wax deposition in these
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experiments. The inhibitors were tested at different concentrations
and the deposition rates were obtained for each of the inhibitors.
Based on these experiments, the use of one of the inhibitors resulted
in a reduction in wax deposition. However, it was also determined
that these inhibitors were not effective in removing wax once it had

already deposited.
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