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ABSTRACT

This experimental study was aimed to estimate interfacial tension of brine-CO, by using a pendant bubble method and
image analysis. Measurements were performed for wide ranges of temperatures, pressures, and salinities covering
reservoir conditions in Pohang basin, a possible candidate for CO, storage operation in Korea. The profiles of CO, bubbles
in brine obtained from image analysis with the densities of brine and CO2 from previous studies were applied to Laplace-
Young equation for calculating interfacial twnsion in brine-CO, system. The experimental results reveals that the
interfacial tension is significantly affected by reservoir conditions such as pressure, temperature and water salinity. For
conditions of constant temperature and water salinity, the interfacial tension decreases as pressure increases for low
pressures (P < P,), and approaches to a constant value for high pressures. For conditions of constant pressure and water
salinity, the interfacial tension increases as temperature increases for 7' < T, with an asymptotic trend towards a constant
value for high temperatures. For conditions of constant pressure and temperature, the interfacial tension increases with
increasing water salinity. The trends in changes of interfacial tension can be explained by the effects of the reservoir
conditions on the density difference of brine and CO,, and the solubility of CO, in brine. The information on interfacial
tensions obtained from this research can be applied in predicting the migration and distribution of injecting and residual
fluids in brine-CO,-rock systems in deep geological environments during geological CO, sequestrations.
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Fig. 1. Schematic diagram for experimental set-up; (a) CO, feeding system, (b) Confining pressure system, (c) Imaging System.
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Fig. 2. Sequential images of an evolving CO, bubble in 4 M NaCl solution at 8.98 MPa and 50°C.

Table 1. The equations for 1/H as a function of S (Misak, 1968)

VH S (dJd.)

(0.32720/8>%1y — 0.97553 S* + 0.84059 S —0.18069 0.40 ~ 0.46
(0.31968/8>37) - 0.46898 S* + 0.50059 S—0.13261 0.46 ~0.59
(0.31522/8>94%) — 0.11714 8> + 0.15756 S —0.05285 0.59 ~0.68
(0.31345/8>%267) — 0.09155 S* + 0.14701 S—0.05877 0.68 ~0.90
(0.30715/8>%636) — 0.69116 S* + 1.08315 S+ 0.18341 S—0.20970 0.90 ~ 1.00
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interfacial tension between two fluids.
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Fig. 4. (a) Contour images and (b) variations in cross-sectional area of CO, bubbles at different pressures (Experimental conditions: 50°C

and 4 M NaCl solution).
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Table 2. Interfacial tension of brine/CO, system at various pressures, temperatures and NaCl concentrations
Pressure (MPa)  Density_brine (kg/m®) Density CO, (kg/m?) d, (mm) V/H 7 (mN/m)
4.83 1.221 0.100 2.484 0.936758 63.56
5.52 1.222 0.120 2.472 0.946289 62.53
6.21 1.222 0.142 2.457 0.967829 61.92
6.89 1.223 0.168 2.455 0.956138 59.63
7.58 1.223 0.199 2421 0.958962 56.45
8.27 1.224 0.237 2.429 0.987225 56.38
8.96 1.224 0.282 2.462 0.961725 53.86
9.65 1.224 0.349 2.482 0.968761 51.24
10.34 1.225 0.406 2.558 0.976504 51.34
11.03 1.225 0.449 2,612 0.968614 50.31
11.72 1.225 0.492 2.716 0.934456 49.56
12.41 1.226 0.536 2.783 0.949055 49.76
13.10 1.226 0.580 2.845 0.952737 48.87
Temperature (°C)  Density brine (kg/m®) Density CO, (kg/m®) d, (mm) 1/H ¥ (mN/m)
20 1.231 0.842 3.307 1.151685 48.05
30 1.227 0.743 3.116 1.120908 51.66
40 1.225 0.478 2.812 1.043857 60.50
50 1.216 0.282 2.434 1.027377 55.77
60 1.214 0.233 2.443 1.007026 57.84
70 1.205 0.211 2431 1.004536 57.90
80 1.199 0.187 2.426 0.984773 57.56
NaCl concentration Density brine Density CO, d, VH 14
M) (kg/m’) (kg/m’) (mm) (mN/m)
0 0.986 0.282 2423 0.974673 39.52
1 1.043 0.282 2.518 0.973459 46.07
2 1.101 0.282 2453 0.964486 46.62
3 1.159 0.282 2.516 0.972785 52.98
4 1.216 0.282 2.393 1.084750 56.90
5 1.274 0.282 2.520 0.952507 58.85
6 1.332 0.282 2.470 0.981436 61.68
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Fig. 6. (a) Contour images and (b) variations in cross-sectional area of CO, bubbles at different temperatures (Experimental conditions:

8.96 MPa and 4 M NacCl solution).
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