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Research subject: In recent years, smart water flooding has gained at-
tention regarding enhanced oil recovery, and one of its driving mecha-
nisms is wettability alteration. However, the effect of acid presence on
smart water performance needs to be clarified. Thus, the main question
is whether the presence of acid and potential determining ions can lead
to further wettability alteration and interfacial tension (IFT) reduction.
Additionally, in this study, trivalent cations were added to smart water
for the first time, and the results were compared with those of divalent
cations.

Research approach: In this study, seawater (SW), 4-times diluted SW,
and 8-times diluted SW were prepared in distilled water, 0.001 normal
HCl and 0.01 normal HCI, and the contact angle and IFT experiments
were carried out. In addition, concentrations of Ca?*, Mg#, and Fe** were
adjusted in 8-times diluted SW prepared in 0.01 normal HC], and the IFT
and contact angle tests were conducted.

Main results: The results showed that the presence of acid in distilled
water could decrease the IFT values; however, it did have a marginal
effect on contact angle reduction. Also, because of synergistic effects be-
tween acid and potential determining ions, IFT significantly declined.
While adding acid to brines with different salinities resulted in contact
angle reduction, the glass surface remained oil-wet. Regarding divalent
and trivalent cations, the results revealed that increasing Fe®** concentra-
tion in smart water made the glass surface water-wet. However, adjust-
ing Ca? and Mg?* concentrations changed the wettability from oil-wet
to neutral-wet. Moreover, divalent and trivalent cations showed similar
behavior in IFT reduction, and a four-times increase in the concentra-
tion of each mentioned ion reduced IFT by about 2 mN/m.
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Table 1. Oil properties

Resin content (wt%) | Asphaltene content

(Wt%)

Total Acid Number
(mg KOH/g oil)

Viscosity (cp)

13.8 12.9

0.95 168.7
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Figure 1. Stability test for brine (8dsw4-Fe) prepared in different base fluids after 7 days
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Table 2. Composition of seawater and smart waters

Brine NaCl Na,SO, CaCl, MgCl, KCl FeCl, pH in dis- pH in pHin
(ppm) (ppm) (ppm) (ppm) (ppm) | (ppm) | tilled water | 0.001 N | 0.01N

Seawater 28000 4500 1400 5300 800 0 6.26 3.23 2.37

(W)

4dsw 7000 1125 350 1325 200 0 6.21 3.24 2.47

8dsw 3500 562.5 175 662.5 100 0 6.23 3.3 2.46
8dsw-2Ca 3223 562.5 350 662.5 100 0 - - 2.41
8dsw-4Ca 2670 562.5 700 662.5 100 0 - - 2.49
8dsw-2Mg 2282 562.5 175 1325 100 0 - - 2.49
8dsw-4Mg 0 433 175 2650 100 0 - - 2.46
8dsw-1Fe 2743 562.5 175 662.5 100 350 - - 2.5
8dsw-2Fe 1986 562.5 175 662.5 100 700 - - 2.46
8dsw-4Fe 473 562.5 175 662.5 100 1400 - - 2.47
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Figure 2. Scheme of pendant drop technique
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Figure 6. Effects of smart waters prepared in acidic solutions on IFT
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Table 3. Ionic properties of cations
lon type Ionic radius (nm) Charge density (C/mm?)
Ca*? 0.1 52
Mg*? 0.072 120
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Figure 10. Effect of divalent and trivalent cations on IFT (X = Ca*?, Mg*? or Fe*®)
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