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Introduction

Crude oil produced from oil fields always has some as-
phaltene with in, and asphaltene precipitation in oil
reservoirs, wellhead equipment, and also in refinery
equipment always causes different problems for in-
dustry. The final effect of asphaltene precipitation ap-
pears on the amount of production cost and imposes
an additional cost on the oil upstream and downstream
industries [1,2].

In previous researches, many chemical surfactants have
been used for de-asphalting, which have had different
effects, and sometimes their effect in seawater has been
reported to be more effective than formation water [3,4].
In this study, the chemical surfactant Triton x-100 was
used. Contact angle and core flooding test were applied
to evaluate the effect of this surfactant on asphaltene
precipitation. Core flood test was implemented to as-
sess the ability of this surfactant to recover asphaltene
oil in different aqueous phases including distilled wa-
ter, seawater and carbonate water. In this study, three
different aqueous phase were used, and their behavior
was comprised.

Materials and Methods
Materials

Surfactant: Triton X-100

Toluene: (99.8% purity)

Methanol: (99.9% purity)

AgNO, (10%): (99.9% purity)

Crude oil: (Density: 0.82 gr/ml, Viscosity: 0.94 cP)
Mineral oil: Soltrol (Density: 0.81 gr/ml, Viscosity:
0.92 cP)

Accepted: October/23/2021

Asphaltene Oil (0.1 gr Asphatene+99.9 gr Soltrol)
Aqueous phase: Distilled water, Sea water, Carbonate
water/

Core plug and Tablet: Carbonate (Dolomite)

Methods

The approach of core flooding is shown in Figure 1.

¢ Surfactant CMC measurement (pH and Conductivity
methods)

e Core flooding by different aqueous phase (below
flowchart):

eContact angle measurement by sessile drop method
To measure the contact angle, anumber of small circular
tablets from a carbonate core sample with a diameter
of one centimeter and a thickness of four millimeters
were prepared. Then, Saturate these tablets in crude oil
with zero and1000 ppm asphaltene concentrations for
one to two weeks at reservoir temperature. The sessile
drop method was used to measure the contact angle.

Results and Discussions
CcMC

The CMC that was measured from pH measurement
method is equal to 233 ppm and from conductivity
method is equal to 232 ppm. The CMC that used in
this study was considered to be 240 ppm, which
is approximately the average of the measured
concentrations.

Contact Angle:

Table 1 shows the results of contact angle measurements
at 0 and 1000 ppm of asphaltene without surfactant
and with CMC of surfactant solution.
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Core preparation

— Gas porosity and permeability measurement

Connate water saturation measurement (Swi)

— Core flooding by DW and measuring K,

Aging (wettamility restoration)

core flooding

Decaline injection

Mineral oil injection and measuring K

Core flooding by DW (without surfactant and at CMC of
surfactant )

Core flooding by Sea water and CW(without surfactant and
at CMC of surfactant )

Fig 1. The approaches of core flooding.

Table 1: Results of contact angle test at different aqueous phase.

Contact angle (0)
Aqueous Phase
A:1000, S: CMC (ppm) A:1000, S:0 (ppm) A:0, S:cmc (ppm) A:0, S:0 (ppm)
89.35 127.1 87.3 120.7 DW
85.1 124.1 82 118.2 SW
934 129.8 76.5 106.7 CwW

Table 2 illustrates the RF% at 0 and 240 ppm of
surfactant 0 and 1000 ppm of asphaltene solution.

Table 2 Results core flooding test at different aqueous phase.

RF(%)
Aqueous Phase

A:1000, S: CMC

’ A:1000, S:0 (ppm
(ppm) (ppm)
55.5 49.9 DW
59.4 49 SW
50.1 453 CW

The contact angle test showed that asphaltene precipi-
tation causes the surface of pores on carbonate tablet
to be more oil-wet and the surfactant had a high ability
to alter the wettability from oil-wet to the intermediate
and water-wet.

The behavior of triton x-100 was more effective at sea
water, and was able to reduce the contact angle from
124.1 degrees to 85.1 degrees in asphaltene oil. More-
over, the amount of oil recovery by injecting seawater
solution and surfactant at a critical concentration of 240

ppm reaches 59.4%, which is remarkable compared to
the injection mode without surfactant (50.1%).
Nomenclatures

CMC: Critical Micelle Concentration

DW: Distilled Water

SW: Sea Water

CW: Carbonate Water

RF: Recovery Factor

Ka: Absolute Permeability

Keff: Effective Permeability

PPM: Part Per Million
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