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Research subject: In water injection process, part of the surface
active agents that are naturally present in oil can be dissolved in
injected water. The presence of these substances affects the surface
phenomena of the three phase water-oil-rock system. The effect of
these substances on modification of the ionic composition of injected
water has been less investigated in previous studies.

Research approach: In this paper, first, the effects of acidic compounds
in crude oil and connate water composition on initial wettability of
carbonate rock were investigated. Then to investigate the wettability
changes of oil-wet calcite rock, single-salt aqueous solutions of MgCl2,
CaCl2, KCl, and Na2S04 having concentrations of 0.1 to 1 molar were
used.

Oil-water interfacial tension (IFT) for distilled water and salt waters
in various concentrations were measured and compared. Variations
of calcite rock surface properties were investigated by contact angle
measurement after aging of thin sections in oil and salt waters.
Main results: Results indicated that by increasing ion concentration
and ionic strength of salt waters, IFT decreases due to dissolution of
acidic compounds of oil at the interface of oil and water. Moreover, for
high content of acidic compounds in the oil, Magnesium ion has the
most impact on reducing IFT and altering the rock wettability. So that
by increasing the concentration up to 1 molar, IFT and contact angle
decrease to 1 mN/m and 42 degrees, respectively.

Contact angle measurements revealed that the composition of connate
water is effective in changing the initial wettability of the rock, and
formation of ionic-organic layer adjacent to the rock surface is one of
the most important factors in wettability alteration. The presence of
Magnesium ion in connate water decreases the contact angle to 145
degrees and causes the rock surface to become more water wet.
Also, increasing solubility of oil-soluble acidic compounds in the
aqueous phase has a significant effect on the rock wettability. The
experimental results showed that the interaction between ions in the
aqueous phase, especially the divalent ions, and surface active agents
(carboxylic acid) determine the surface behavior of water in contact
with oil and rock.
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Table 1 Components of the compounds prepared (amounts according to % wt)

salt wel;’;‘l’llf(cé'/l:ol) Density (g/cm®) | Solubility (g/L)
KCl 7455 198 253.9
CaCl2,2H20 147.01 185 745
Na2504 142.04 266 139
MgCI2,6H20 203.30 157 543
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Figure 3 IFT measuring device
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Table 2 Cationic and anionic strength of brine samples at similar ionic strength

Salt water

Ratio of anionic strength | Ratio of cationic strength
to total ionic strength

to total ionic strength

KCI 0.5

0.5

Na2S04 0.66 0.33

CaCl2,2H20 0.33 0.66

MgCl2,6H20 0.33 0.66
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Table 3 Radius and charge density of ions present in brine samples

Ion Mg*? Ca*? Na* cl S0 > K*
Radius (nm) 0.070 0.103 0.097 0.180 0.242 | 0.221
Charge density (C/mm?3) 223 69.99 41.90 6.55 5.39 12.42
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Figure 9 Contact angle of oil drop on rock surface (A) dry sample, (B) in the presence of distilled water.
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Figure 10 Contact angle of oil drop with calcite rock surface after aging of rock samples in oil
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Figure 11 SEM images (A) rock surface after contact with oil, (B) clean calcite surface
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Figure 12 Contact angle of oil drop with calcite rock surface after aging of rock samples in brine
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Figure 13 Contact angle of oil drop, images 1 to 4 for aged samples in model oil and images of 5 to 8 for
aged samples in brine at a concentration of 0.5 m
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