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Abstract 

Interfacial tensions (IFTs) of reservoir fluids, as well 

as the contact angle are important parameters for 

many reservoir engineering studies. Both IFT and the 

contact angle of the oil/brine/rock system affect the 

distribution, flow and location of fluids within 

reservoir rock material and also influence the 

performance of flow process in natural drive or when 

reservoir is flooded by natural water drive. Most of 

the available data, contact angle and IFT for oil/brine 

systems are for room temperature and atmospheric 

pressure. Since actual values of reservoir temperature 

and pressure are frequently encountered in oil field 

simulation models, a need to study IFT and the 

contact angle at reservoir conditions was recognized. 

This paper presents the impact of temperature and 

pressure on the oil/brine interfacial tension and 

contact angle of Ahwaz Asmari oil reservoir. Pendant 

Drop method with computer-aided image processing 

and analyzing was used to measure the contact angle. 

The results show that the IFT values for Asmari oil 

and brine system increased with increasing pressure 

and decreasing temperature and also contact angle is 

increased with increasing the temperature and 

pressure. 

 
Keywords: Interfacial Tension, Contact Angle, 

Pendant Drop method, Pressure, Temperature, Rock 

Plate. 

Nomenclatures 

          : Interfacial Tension (IFT), (dyne/cm) 

os  : Interfacial energy of oil solid interface 

ws  
: Interfacial energy of water solid interface 

ow  
: Interfacial tension between oil and water   

∆P : Pressure difference across the curved 

interface 

DOL : Dolomite  

LST : Lime stone 

R1  : Radius of curvature in the plane of paper 

R2  : Radius of curvature in a plane 

perpendicular to paper 

Sd : Drop shape factor 

SST : Sand stone 

WOC : Water oil contact 

 θ  : Contact angle of oil/water/solid interface 

 

Introduction  

Knowledge of reservoir fluid properties is essential 

during the development phase and to implement an 

optimal reservoir management strategy for properly 

exploiting the reservoirs [1]. Whenever immiscible 

phases coexist in a porous medium as in essentially 

all processes of interest, surface energy related to the 

fluid interface influences the saturations, 

distributions, and displacement of phases [2]. 

Interfacial tension is believed to be caused by 

attraction between molecules within a system. All 

molecules are attracted one to the other in proportion 

to the product of their masses and inversely as the 

squares of the distance between them. Therefore 
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interfacial tension depends on pressure, temperature 

and composition of each phase [3]. 

Rock wettability is defined as the tendency of one 

fluid to spread on or adhere to a rock surface in the 

presence of other immiscible fluids [3]. The 

wettability in hydrocarbon reservoirs depends on how 

and to what extent organic components are adsorbed 

to the solid phase present. The adsorption of organic 

component depends on oil composition, surface 

chemistry of the rock, and composition of aqueous 

phase, in addition to the effect of temperature, and 

pressure
 
[4]. Since wettability of a reservoir rock is a 

manifestation of the thermodynamic equilibrium 

between fluids within the pores and the mineral 

surfaces of the pore walls, it should be dependent on 

temperature and pressure [5]. 

Interfacial tensions (IFTs) and wettability of reservoir 

fluids are important parameters for many reservoir 

engineering studies. Changes in wettability and IFT 

have been shown to affect capillary pressure, relative 

permeability, water flood behavior, simulated tertiary 

recovery, irreducible water saturation (IWS), residual 

oil saturation (ROS), and etc [4].
 

Even though 

interfacial tension and wettability is considered to be 

a key factor influencing oil production and enhanced 

oil recovery, almost most of the available data for 

oil/brine/rock systems are at room
 
temperature and 

pressure. The effects of temperature and pressure on 

the interfacial tension and wettability of reservoir 

rocks are not still well understood.  

Because no generally-useful methods are available for 

estimating surface and IFTs of reservoir fluids, it is 

necessary to determine laboratory measurements for 

representative samples at reservoir conditions. There 

are many methods to measure surface tension. Among 

them, drop shape methods are particularly powerful 

which rely on the idea that the shape of a sessile or 

pendant drop is determined by a combination of 

surface tension and gravity effects. When gravitation 

and surface tension effects are comparable, the 

surface tension can be determined from the shape of a 

drop. The drop shape methods have many advantages: 

they require only small amounts of the sample in 

comparison with those of the Wilhemy plate 

technique. The experimental conditions can be 

changed to low or high temperatures, and to high 

pressure. The outstanding advantages of the method 

of pendant drops are its speed, versatility, avoidance 

of the necessity of determining the contact angle, 

simplicity of routine calculation, and ability to make 

determinations without disturbing the surface being 

measured. It is also measure the contact angle by 

place oil drop from bottom needle on the surface of 

rock plate at different pressure and temperature 

condition.  This will reduce the depth of uncertainty 

in the conversion of laboratory contact angle, 

interfacial tension and other parameters related to 

these parameters measurements to downhole 

conditions [1]. The main purpose of this study was to 

measure the values of interfacial tension and contact 

angle for the Asmari oil/brine by direct 

measurements, at the reservoir conditions. 

 

Principle of Pendant Drop Method: Capillary 

forces between crude oil and formation water 

determine the pressures needed to displace the oil 

from formation pores, which is given by the Young-

Laplace equation.
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In order to determine the interfacial tension from a 

pendant drop, the radii of curvature (R1 and R2) must 

be determined. When the radii of curvature are both 

finite but unequal, a time consuming numerical 

integration is required to evaluate for the radii of 

curvature. 

The detailed theoretical derivations for the 

determination of the interfacial tension are given in 

different reports. The currently used analysis utilizes 

a procedure which defines a function Sd (called the 

drop shape factor), to determine the drop shape. The 

maximum diameter, de, of the drop is determined 

and then used in the measurement of the horizontal 

dimension, ds, of the drop as shown in Figure 1. The 

ratio of these two measurements, ds/de, is equal to 

the drop shape factor (Sd). Algorithms have been 

developed using Sd such that the IFT between the 

drop and the external solution can be calculated 

quickly. Equations 2 through 4 demonstrate how S is 

used to calculate the interfacial tension. 

 

)2(Sd
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With the increased usage of high speed computers, 

new methods have been developed that measure the 

drop profile at numerous points. The details of 

numerical methods and procedures can be found 

elsewhere [7 and 8].

  

 
 

Figure 1 

 Drop shape and measurement 

 

Contact Angle: Contact angle is a measure of the 

intrinsic wettability of a reservoir rock. When a drop 

of water is placed on a mineral surface immersed in 

oil as shown in Figure 1, a contact angle is formed in 

the range of 0° to 180°. Interfacial tension and contact 

angle are related by Young’s equation as Equation (5): 

)5(wsoscosow   

 

Where, 

ow   = Interfacial tension between oil and water 

os    = Interfacial energy of oil and solid energy 

ws   = Interfacial energy of water and solid energy 

 θ       =
 
Contact angle of oil/water/solid system 

 

Rock wettability can be described by using the 

contact angle parameter. For oil/water system, if the 

contact angle is (0-75º) the rock is water wet, (75-

115º) intermediate or mixed wet, and (115- 180º) oil-

wet [4]. Contact angle values reported in literature 

are either water-advancing or water-receding. The 

difference between advancing and receding contact 

angles is referred to contact angle hysteresis. Some 

limitations of the measurement process may cause 

the value of contact angles to be different from the 

intrinsic contact angle. Hysteresis caused by surface 

roughness, heterogeneity and aging can lead to 

different values of contact angles. It is noted in the 

literature that the age of the oil-solid interface is an 

important factor affecting the measurement of 

contact angles. 

In this study, equilibrium contact angles were 

measured using images as shown in Figure 2. 

Contact angles were obtained by measuring and 

averaging the contact angles on the two ends of the 

drop. The first step was to prepare the rock with 

appropriate size and smooth the rock surface to 

decreases the effect of heterogeneity and roughness. 

Then these samples were aged with brine and oil for 

one month, to simulate the reservoir conditions.  

 

 
Figure 2 

 Contact angle image captured by ARC image 

acquisition program 

 

Experimental Equipment and Procedure 

 

Experimental Equipment: High 

temperature/high pressure Pendent Drop instrument 

was used for measuring interfacial tension. The 

Pendant Drop instrument consist of optical cell, two 

high pressure syringe pumps for the injection of oil 

and water, two HP/HT small cell for holding oil and 

brine, temperature control system (air bath),  video 

camera and lenses, illumination system, video frame 

digitizer board, monitor and software. Progress in 

image analysis and data acquisition systems has 
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made it possible to obtain a direct digitization of the 

drop image with the aid of a video frame grabber of a 

digital camera and then analyze the drop to calculate 

the interfacial tension and contact angle.  

Cleaning Procedure: A very important step in 

measuring contact angle is a thorough cleaning of the 

apparatus, because any trace amounts of 

contamination can alter the results. The oil flow line 

was cleaned first by toluene until very clean toluene is 

flowing out. Ten pore volumes of methanol were used 

to flush the lines. The line was then dried by flowing 

dry air. The water flow line was first flushed with 

ethanol followed by 10 pore volumes of distilled 

water. After that brine was used to flush the lines for 

at least five pore volumes. Optical cell also was 

cleaned first by toluene until the clean toluene was 

seen then dried with dry air. Acetone was used to 

clean the optical cell glass then dried with dry air. 

After that distilled water was used and dried it with 

dry air.  
Extra attention was given to the cleaning and 

smoothing of rock slides and decreases the effect of 

heterogeneity because it is extremely important to the 

measurement of the contact angle. 
 

Recombined Oil and brine: Stock tank liquid 

samples and also stock tank gas and first stage 

separator gas (from Ahwaz Asmari oil reservoir) were 

selected from production unit. Oil and gas was 

recombined at reservoir condition by having these 

data, separator gas, stock tank gas and stock tank oil 

compositions, gas and oil formation volume factor 

(Bg, Bo) and solution gas ratio (GOR). All interfacial 

tension measurements were performed at pressures 

greater than the bubble point pressure. 
Synthetic brine was prepared based on geochemical 

analysis of the produced water from the Ahwaz 

Asmari reservoir. The equivalent salinity of brine was 

180000 ppm. 

 

Experimental Procedure: Pendant Drop method 

involves injection of a drop of fluid (such as crude 

oil) into a second immiscible phase to determine the 

interfacial tension between the two phases. First of all 

the image system was set up to be ready to take 

pictures. Synthetic brine was pumped into the IFT cell 

to full level and test pressure was set. Syringe pump 

was used for brine injection and as a back pressure. 

Air bath was also used as a temperature control 

system in these experiments. Pendant Drop 

instrument has a reference ball for calibration is 

called Ruby. Therefore before each test, picture from 

reference ball was taken. Then oil was pumped with 

very small flow rate with syringe pump through the 

bottom needle (capillary tube) to get a stable pendant 

drop on the top of the needle inside the cell. Pictures 

from stable oil drop were taken and the image drop 

program was run to calculate IFT values.  
Note that accurate density measurements are 

essential to the Pendant Drop method for IFT 

determination and density of each phase at test’s 

pressure and temperature must be calculated. The 

densities of oil and brine at different test’s pressures 

and temperatures were measured with DMA-HP of 

Anton Paar Company with evaluation unit (DMA-

5000) and this method provides accurate phase 

density values to 0.00001 g/cc at pressure of up to 

10,000 Pisa and temperature of up to 200°C on 

single phase systems. 

During the contact angle measurement, first rock 

plate was fixed to the upper needle using a high 

quality cementing material, and then plate was 

placed inside the cell at a suitable position to be seen 

in the image system as shown in Figure 2. Then the 

ARC image acquisition program was started, and 

then the acquired image was captured and saved in a 

selected working directory. Contact angles were 

measured later. 

Results and Discussion 

Interfacial Tension Measurement: Interfacial 

tension experiments for Asmari oil/brine systems 

were carried out at four temperatures from ambient 

temperature (25 
o
C) to 91 

o
C. Experiments were 

carried out at four temperatures from ambient (25 
o
C) to reservoir Water/Oil Contact (WOC) 

temperature. Two other temperatures were 60
 o

C and 

reservoir crest temperature. Reservoir crest and 

WOC temperatures for Asmari are 80 
o
C and 91 

o
C. 

Experiments were also performed at five pressures 

above bubble point pressure from 2500 psia to 4500 

psia with step size of 500 psia. Figure 3 shows the 

effect of pressure on interfacial tension of Asmari oil 
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and brine at different constant temperatures with 

equivalent salinity of 180,000 ppm. It can be observed 

from these data that IFT is an increasing function of 

pressure. The increase of IFT values at higher 

pressure can be attributed to the strengthening of 

intermolecular forces at the oil/brine interface or 

decrease the distance between molecules. 

 
Figure 3 

Effect of pressure on interfacial tension of Asmari oil 

and brine at four constant temperatures (
o
C)  

Figure 4 shows the effect of temperature on interfacial 

tension of Asmari oil and brine at five constant 

pressures. It can be observed from Figure 4 that 

interfacial tension is decreased with increasing 

temperature. The increase of IFT values at higher 

pressure can be attributed to the weakening of 

intermolecular forces at the oil/brine interface or 

increase the distance between molecules. 

 
Figure 4 

Effect of temperature on interfacial tension of Asmari 

oil and brine at five constant pressures 

Contact Angle Measurement: In this work, two 

natural rock plates from Asmari oil reservoir at 

different depth were used as substrates in contact 

angle measurements. Experiments were carried out 

at four temperatures as expressed above. Also 

experiments were performed at four pressures above 

bubble point pressure from 3000 Pisa to 4500 psia. 

Mineralogy of rock plate at different depths listed in 

Table 1. 

 
 

Table 1 

Lithology of two rock types 
 

 

 

Figure 5 and Figure 6 shows the effect of pressure on 

the rock type A and B contact angle at four different 

temperatures. Contact angle increases with 

increasing pressure at each four constant 

temperatures for both rock types. 

 

Figure 5 

 Effect of pressure on rock type (A) contact angle 
 

Name Reservoir Depth 

(ft) 

SST% DOL% LST% 

A 
Ahwaz 

(Asmari) 
8432 40 0 60 

B 
Ahwaz 

(Asmari) 
8771 30 0 70 
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Figure 6 

 Effect of pressure on rock type (B) contact angle 
 

Figure 7 and Figure 8 shows the effect of temperature 

on the rock type (A) and (B) contact angles 

respectively at four different constant pressures. 

Contact angle increases with increasing temperature 

at each four constant pressure and wettability tends 

toward neutral wet at higher pressure.  

Result showed that, increasing the pressure and 

temperature increases the contact angles and 

wettability changes from water wet to neutral wet. 

Increase in contact angel with pressure is less 

sensitive than temperature. Effect of pressure on the 

contact angle is more sensitive at the ambient 

temperature than the reservoir temperature. 
 

 

Figure 7 

 Effect of temperature on rock type (A) contact angle 

 

Figure 8 

 Effect of temperature on rock type (B) contact angle 
 

 

Conclusions 

1. Interfacial tension for the Ahwaz Asmari 

systems studied was found to increase with 

increasing pressure and decrease with 

increasing temperature. 

2. Increase in interfacial tension with 

increasing temperature is more sensitive 

than increasing pressure. 

3. Contact angle increases when pressure 

increases for these two rock types (Asmari 

oil reservoir) and wettability become neutral 

at higher pressures. 

4. Contact angle showed an increase when 

temperature increases for these two rock 

types (Asmari oil reservoir) and wettability 

becomes neutral at higher temperatures. 

5. Effect of pressure on contact angle becomes 

less sensitive at higher temperatures. 
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