
RESULTS (CONT.)

Figure 4 Final spatial distribution of oil content as a 

percentage of the total mass of the mixture at each 

section (Test duration = 24 hrs)

The average conductivity increased with

electrolyte concentration as expected. The

hydrogen (H+) and the hydroxide ion (OH-)

production due to the electrolysis of water at the

anode and cathode respectively, and their

transport across the sample are the main

reasons for the variation of pH and conductivity.

For high electrolyte concentration samples the

conductivity were highest at anode and cathode

locations and lowest in the middle which

indicates the arrest of ionic conduction due to

precipitation, buffering or other mechanisms that

may involve micellar or colloidal blocking of the

pores.

Figure 5 Final spatial distribution pH and conductivity 

(Test duration = 24 hrs)

CONCLUSIONS

► Clay moved toward and banked at the anode

via electrophoresis .

► Oil moved toward cathode and banked in the

middle.

► Higher concentration of electrolyte solution

better facilitated the movement of oil toward

the cathode via electroosmosis.

► Electrolyte range of 5,000 – 10,000 ppm

produced the highest conductivity.

► A pH gradient was established in the oily

samples.

► It is possible to transport hydrocarbons via

electric field in oily clay formations.
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Extraction of Hydrocarbons From Clay 

Formations By Direct Electric Current

C
o

n
d

u
c
ti

v
it

y
 (
μ

S
)

█ 0 ppm

█ 1,000 ppm

█ 5,000 ppm

█ 10,000 ppm

▬ 0 ppm

▬ 1,000 ppm

▬ 5,000 ppm

▬ 10,000 ppm

INTRODUCTION

Petroleum hydrocarbons are difficult to extract

when they reside in the tight pore space of clayey

formations. By imposing an electric field

throughout the porous formation, three

electrokinetic processes can be triggered

simultaneously to facilitate the transport of oil to a

target location, such as a strategically placed

extraction well within the transport region. The

three electrokinetic processes are electroosmosis,

electromigration, and electrophoresis as depicted

for petroleum hydrocarbons or oil transport in

Figure 1. Electroosmosis is the movement of

water against a charged surface, electromigration

accounts for the general movement of ions, and

electrophoresis is the movement of charged

particles, micelles and colloids, all taking place in

wet porous media under an applied electric field.

Figure 1 Schematic representation of the electrokinetic

processes in pore space

OBJECTIVE

Determine the optimum conditions of extracting

oil from oily clay formations using direct electric

current by varying the pore fluid electrolyte

content, the oil viscosity, as well as the porous

formation’s mineral and porosity composition.

METHODS

Surrogate clayey formation made up of 3 parts

clay : 3 parts silt : 4 parts fine sand size particles

was mixed with surrogate ground water

represented by a salt solution of varying

electrolyte concentrations as 0, 1,000, 5,000,

and 10,000 ppm. Silicon oil was used as

surrogate hydrocarbon which was mixed in and

allowed up to 48 hours to be adsorbed by the

substrate to simulate as closely as possible the

natural oil bearing formation. Next, an electric

potential gradient of 0.67 V/cm was applied to a

thin layer (3 cm thick) sample of this mixture for

24 hours (Figure 2). Spatial and temporal

variations in conductivity and pH of the sample

were measured. At the end, the top liquid layer

was removed and the soil was divided into
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METHODS (CONT.)

Figure 2 Set-up of direct current application

3 cm-wide sections along the length of the

sample. The remaining oil content of each section

was analyzed gravimetrically by first drying each

sample at 105 C to evaporate the water and

further at 500 C to combust the oil for 12 hours at

each temperature.

RESULTS

The visual observations showed that the majority

of clay particles migrated toward the anode at

every electrolyte concentration, as shown in a

typical test in Figure 3. The clay migration was

expected since clay particles are negatively

charged and move to positively charged electrode

when not restricted to move in a loose mixture.

Figure 3 Clay and oil migration towards anode and 

cathode, respectively 

Assuming homogeneity, the initial mass

percentage of oil at each section was computed

as 8.3%. Analysis of oil content at the end of the

24 hour tests showed that more of the oil

remained in soil with increasing electrolyte

concentration as shown in Figure 4.

The oil distribution was uniform for no electrolyte

content sample indicating little or no effect of the

electrical field on gravity separation of the oil from

the substrate. The control test (no electric field)

for 0 ppm electrolyte concentration resulted in

2.8% oil remaining in the mixture which was the

same as the average uniform distribution of the

same sample tested with electric field.

Alternatively, the higher concentration samples

showed clearly the influence of the electric field

on mass transport towards the cathode region as

evidenced in Figures 3 and 4.

Variable pH gradients were established across

the test samples. The gradient was greater and

was established faster at higher electrolyte

concentrations. The final pH ranged from 3.6 to

5.6 at the anode and from 8.4 to 11.9 at the

cathode.


