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Figure 1. Contact angles for 0.1 wt% DTAB solutions and Aghajari oil reservoir rock at different
temperatures (a) 25, (b) 30, (c) 50 and (d) 80 oC

The contact angle results are also shown in
Fig. 2 as a function of DTAB concentration
and soaking temperature. As shown, the
contact angle decreases as the DTAB
concentration increases, which indicates
more change in the wettability of the rock
towards water wetness conditions. The same
trend is observed as the soaking temperature
increases. This shows the effect of
temperature on the wettability alteration of
the oil wet rocks towards water wetness,
known as the thermally induced wettability
alteration.
The same result was also reported in the
literature [18] as the wettability of the
carbonate rocks were altered using cationic
surfactant of type R-N(CH3)3Br, known as
CnTAB. It was shown that by increasing the
surfactant concentration below the critical
micelle concentration (CMC) would change
the wettability of the carbonates more to the
water-wet conditions. In the current study, all
of the selected concentrations were below
CMC and it was observed that the wettability
alteration improved as the concentration of
surfactants increased.
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Austad et al. [19] used C12TAB solutions in
order to investigate the imbibition of the
surfactant solutions into chalk cores. They
reported that the oil production percentage
was increased by increasing the temperature
from 40 to 70 oC. In our research, it was
shown that the contact angle was decreased
by increasing the temperature. This is in
agreement with those presented by Austad et
al. as the lower the contact angle, the higher
the wettability alteration.
Fig. 3 shows the wettability alteration
potential in reservoir rock by SDBS at
different temperatures of 25, 30, 50 and 80
o
C. The test was repeated at different
concentrations of 0.1, 0.2 and 0.3 wt%. The
overall contact angle results are also shown
in Fig. 4 as a function of SDBS
concentrations and soaking temperature. As
shown, by increasing the temperature and the
surfactant concentration, smaller contact
angles were found which means more
wettability alteration of the reservoir rock
towards the water-wet conditions. The least
contact angle measured for this surfactant
was observed at 0.3 wt% and at 80 oC.
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Figure 2. The effects of DTAB concentration and soaking temperature of the wettability alteration
potential of Aghajari oil reservoir rock.

Figure 3. Contact angles for 0.1 wt% SDBS solutions and Aghajari oil reservoir rock at different
temperatures (a) 25, (b) 30, (c) 50 and (d) 80 oC
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Figure 4. The effects of SDBS concentration and soaking temperature of the wettability
alteration potential of Aghajari oil reservoir rock.

Cationic surfactant and anionic surfactants
were used to alter the wettability of oil-wet
rock in several studies. Seethepalli et al. [20]
reported that anionic surfactant have been
more effective than cationic surfactant. They
utilized anionic surfactants including SS6656 and Alfoterra-35, -38, -63, -65 and -68
as well as cationic surfactants such as DTAB.
It was reported that the anionic surfactants
would change the wettability of the calcite
surface to intermediate/water-wet conditions
the same or more than the cationic
surfactants like DTAB. Similar results were
obtained in this study comparing the effects
of anionic to the cationic surfactants. The
anionic surfactant (SDBS) changed the
wettability of Aghajari carbonate reservoir
rock to more water wet conditions compared
to the cationic surfactant (DTAB).
Fig. 5 shows the wettability alteration
potential of Aghajari oil reservoir rock by
Triton X-100 at different temperatures of 25,
30, 50 and 80 oC. This test was also repeated
for different concentrations of 0.1, 0.2 and
0.3 wt%. The contact angle results are also
shown in Figure 6 as a function of Triton X-
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100 concentrations and soaking temperature.
Comparing the results presented in Figs. 1 to
6, it is concluded that the surfactant
concentration, as well as the temperature, are
two effective parameters for the wettability
alteration towards more water-wet conditions. As shown, increasing the two
parameters would result in greater wettability
alteration.
Xie et al. also investigated the effect of nonionic and cationic surfactant on the
wettability alteration using 50 cores obtained
from two different carbonate reservoirs. They
reported that the non-ionic surfactant
enhanced the oil recovery more than the
cationic surfactant due to the lower
interfacial tension. Their results revealed that
the non-ionic surfactants resulted in greater
wettability alteration towards water-wet
conditions which lead to more oil recovery
[15] The results of the present study also
showed that Triton X-100 is more effective
than DTAB and SDBS for wettability
alteration of outcrop rock towards water-wet
condition
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Figure 5. Contact angles for 0.1 wt% Triton X-100 solutions and Aghajari oil reservoir rock
at different temperatures (a) 25, (b) 30, (c) 50 and (d) 80 oC

Figure 6. The effects of Triton X-100 concentration and soaking temperature of the wettability
alteration potential of Aghajari oil reservoir rock.
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4. Conclusions
The change in the wettability of the outcrop
reservoir rock from intermediate wet and
near to oil-wet types is represented in this
study. The results show that by increasing the
surfactant concentration and temperature,
more wettability alteration of the rock
towards water-wet condition was obtained.
Compared to anionic and cationic
surfactants, Triton X-100 as a non-ionic
surfactant has higher potential for wettability
alteration of the reservoir rock towards the
water-wet condition compared to DTAB and
SDBS.
Increasing
the
surfactant
concentration and temperature result in more
wettability alteration of the rock towards
water-wet condition. More investigation is
needed to find the wettability alteration for
the same rock using different types of
surfactants at reservoir conditions.
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