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Introduction

Interfacial tension (IFT) is measured by either pendant drop
or sessile drop. wettability is determined by either contact
angle or degree of adhesion (Note: a contact angle of zero,
means the solid surface is totally wetted by the non-drop

phase).

In the case of wettability it is important to state which phase
is the initiating phase to contact the solid surface. This is

important because to wet the surface, the drop must displace

the initial phase (initiating) and then bond to the surface
through a chemical /physical reaction. Typically, the aqueous  Figure 1

phase is the initiating phase and the oil phase are the drops.

Since the fluids used are complex samples containing a
mixture of compounds it should be noted that the image
analysis methods used to compute the IFT are complex and
produce the best value possible from systems which are of

poor optical quality.

The IFT computations are carried out using the axis
symmetric drop shape profile (ADSA-P) method. This method
gives good results for both pendant and sessile drops. When

the drops are of poor quality we use software and methods

developed at PRI (Fisher) to find the best estimate of the drop

shape co-ordinates to be used in the ADSA-P model. Figure 2
In Figure 1 we show an example of a good pendant drop shape and in Figure 2 we show a good sessile drop

shape. On the left side of both images you can see an object connected by a wire to a tube. This is the

calibration sphere, it is made of synthetic ruby and has a known dimension (0.47 cm). The sphere in the

2 Petroleum Recovery Institute 10/22/98



S 0 i i DA N i s N R

iR

image appears as an ellipse. The reason for this is that the images are digitized using a system which uses
rectangular pixels with an aspect ratio of 1.25. When rectangular pixels are displayed on a system which

uses square pixels the objects appear shorter in the X dimension by this ratio.

When we calculate the physical dimensions of the drops we must convert the X co-ordinates by a factor
which contains not only the aspect ratio but a conversion for pixels to centimeters. Because we need both an
X and Y calibration factor we must use the co-ordinates from the ruby sphere to compute this information.
We make use of the fact that the equation for an ellipse gives us both dimensions at once. We fit the co-
ordinates of the sphere to this equation by leastsquares. This gives us the best estimate of the conversion
factors and the aspect ratio simultaneously. If the fluids are turbid or have a high molar absorbtivity we must
use special image analysis techniques to find the edge co-ordinates for both the sphere and the drops. These

methods allow us to calculate IFT values under extreme conditions when the more traditional methods fail.

Results

Measurements of IFT were made over a range of pressures using the supplied live oil sample (15/9-19A),
using both CO,and the supplied hydrocarbon mixed gas. The Figures 1-a to 17-a are the data for the mixed

gas whereas the Figures 1-b to 16-b are for the CO».

In the case of the mixed gas we observed that the decline rate for the apparent IFT Vs Pressure did not

follow the traditional pattern(Figure 2-a), here we see that there is a jump around the 37MPa mark, this

change needs some further discussion.

You will notice that in all of the images at all of the pressures we sece some streams of oil dissolving in the
gas phase. This represents stripping of the light ends from the oil by the hydrocarbon gas. If the oil has any
significant concentration of heavy components these will be enriched in the sample and the apparent IFT will
be higher than expected. The discontinuity observed in the graph is the result of sampling rate not any
smooth functional relationship, although the lines are calculated by nonlinear leastsquares so that all of the
data was used to define the decline slope in order to estimate the intersection point. We feel that the value of

this intersection is elevated due to the enriching process. In other words the miscibility process is continuos

over pressure rather than rapid at or after a given pressure.
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In the case of the CO, we see the same effect but magnified. The degree of miscibility is much higher than
the mixed hydrocarbon gas, even at the first pressure which is quite near the bubble point. Since the
extraction process is rapid and large the drops are distorted in shape and as such the calculated apparent IFT
has a much larger error band. So even though the graph indicates a simple straight line (Figure 2-b) we feel
that this value is also elevated from what is probably the best estimate of the minimum miscibility pressure.
We also observed the same enrichment process in this mixture as well.

The image sequence shown in Figures 8-b to 13-b represent a series of drops appearing at slower and slower
rates. This allow for longer and longer extraction periods and as such more and more heavy component left
on the tip. This is especially obvious in the sequence starting at 14-b. Here we show the extraction process in
more detail, and then allow it to end in a stable higher IFT drop which stays on the tip for some time ending
in the shapes shown in Figure 15-b. It is clear that the bulk of the oil is extracted early on and the remaining

material is not miscible at these pressures and will not be miscible for some significant increase in pressure.
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Statoil Sample 13/79-19A
Mixed Gas at 41.4 MPa and 11@ C

Fig 10 - a




D @TT Pue edW 8§ B - ﬁﬂ wﬁhﬁ

Y6T-6/GT 91dMes [r103e3S5

ETRER I




3 BTT pue. edu 8 b 3e sen paxiy Nﬁ -m

U6T-6/CT al1dwes [rojye3s




3 @8TT pue edW 8°
vb. 3e s
Y6T-6/6T ouﬁiﬁwPumoMWvM.wXu!

it

o

e- ¢l 3]




e - {1 31

3 BTT Pue ey 8°PbDb e SeH PIXIW
Y6T-6/68T ajdwes [ro3e3}s




g DAY YN

e -G[ 31

D @TY pue eJW Z'8H 1€ sSeH paxIN
Y6T-6/GT aldues [roje3s

i




O BTT PuUe BJW Z2° 8P 3R 589 paxIu MW.M oﬁH

V6T-6/GT ajdwes [103e35
m__-F...ﬂm
m__-FIIIHm mh__FllImm




3 @TT puUe BN 2°8b 3¢ SeH PaxIW
Y6T-6/ST aldwes Trojyeys

e-/] 314




09

0S

(edin) @anssaud

ov 0¢

0¢

| |

q -1 31
- ¥0
460
490 U
=3
@,
10 <
Q
3
180 &
o
160
101

| saljisuaq |10 __o:m c0D
V61-6/G1 a|dweg [l0)e}S



¢t 1€ 0€ 6C 8C LZ 92 S¢ v ¢

(edIn) @inssald

¢ ¢ ¢ 0c¢

q-731q

ediN

T [ T T T T T I T I LI T

T

T

141 Jusseddy

V61-6/51 a|dweg |i0je)S




q-¢31g

D BTIT . PUe edW L°BZ 3e ZOD
Y6T~6/CT 3ldwes J103e3S

ho!

]




q-1 31

D OTT pue eJu T 2 3¢ 20D
Y6T-6/CT aldwes Jrojejs




q-¢6 31

o OTT pue edW G°GZ 3® 20D
Y6T-6/ST 3ldwes jrojels




q-931]

O @TT PUE edy 9°LZ 3 20D
U6T-6/GT aldwes [103e3S




q-/31g

3 BYIT PUE ®IW.@° 62 1€ ZOD
Y6T-6/8T Sldwes 1103e)s




q-831]

O BTT PUe - edM @' TE 3€ ZOD
Y6T-6/5T a1dues 1103e3S5




q-631q

D OTT PUE edH O'TE 3¢ ZOD
V6T-6/CT  aldWes [103e3}S




q-01 31g

> OTT pue edJW . .8°TE 3e 20D
Y6T-6/CT d1duwes [roj3e)s




q-11 314

O OTT PpPuUe eJW @ TE 1€ 20D
V6T-6/CT ardwes 1103e35




q-ZI 31

3> OTT pue eJW @ TE 3e ZOD
Y6T-6/6T 31dues [roj3ejzs




q-e1au

D BTT PuU® eJWl @' TE 3e ZOD
U6T-6/CT 3ldwes [rojzejzs

Lew

\ n

, i . . .
\sP P N.ﬁ; ]




Statoil ‘Sample
C02 at 31.8 MPa and 1180 C




Fig15-b
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