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I. ABSTRACT

OBJECTIVE: The objective of this research is to demonstrate that electrokinetics can be used to
remove colloidal coal and mineral pa~icles from coal-washing ponds and lakes without the addition
of chemical additives such as salts and polymeric ilocculants. In this experimental and analytical
study we shall elucidate the transport processes that control the rate of concentrated colloidal
particle removal, demonstrate the process on a laboratory scale, and develop the scale-up laws
needed to design commercial-scale processes. We shall address the fundamental problems
associated with particle-particle interactions (electrical and hydrodynamic), the effects of particle
concentration on the applied electric field, the electrochemical reactions that occur at the electrodes,
and the prediction of power requirements.

WORK DONE AND CONCLUSIONS:
It has been demonstrated that heavily contaminated water from a coal-washing facility in Centralia,
Washington can be claritled by applying an electrical field to the colloidal suspension. The
Centralia Mining Company, a subsidiary of PacificCorp, provides coal for two 665 MW coal-
burning power plants operated by PacificCorp Power Supply. Water is used to wash the CO~
during beneficiation to remove fme coal dust and clay particles, and the resulting suspension has a
solids content as high as l’%o.The colloidal particles typically have mean diameters of 1.8 ym and
zeta potentials of--25 mV, so electrokinetic treatment is feasible.

The focus of the research to date has been the design, construction and testing of a novel appamtus
for electrophoretic sedimentation of colloidal contaminants. A frontal view of the apparatus is
shown in Figure 1. A carbon composite sheet serves as a relatively conventional cathode, but the
anode consists of a set of rotating carbon rods driven by a stepper motor, which controls the rate of
revolution of the anodes. A scraper blade in the sump below each anode removes the agglomerated
particles that become attached to the carbon rods. The rotation carbon rods minimize the build-up
of a resistive cake, therefore loweling the power requirements for separation. A low rotation~
speed of the carbon rods increases the rate of separation as well as the final compac~ness of the
sediment.

Hydrogen is evolved at the cathode in normal operation, and cme must be taken to avoid oxygen
evolution at the anodes, for oxygen bubbles moving upward through the suspension prevent
sedimentation. Hydrogen is collected in the upper chamber shown in the figure. A laser be~
passes through the chamber for turbidity measurements, but only after substantial sedimentation
occurs can such measurements be made. The chamber is also equipped with a multichannel probe
for measuring the vertical electric field. Computerized data acquisition instrumentation slid
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software have been prepared for the acquisition of the overall applied voltage, the local electric
field, and the turbidity.
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Figure 1. The electrophoretic cell used for sedimentation.

SIGNIFICANCE TO FOSSIL ENERGY PROGRAM: Coal-washing facilities represent a
significant source of water pollution in coal-producing areas. The removal of coal and mineral
fines by electrokinetic methods produces clean process water which can be recycled without the
addition of flocculating agents, salts and other chemicals. Thus, there is no detriment to wildlife or
water supplies if discharged into natural streams or groundwater. The process designed has
several advantages including simplicity, potential for scale-up and low power requirements.

PLANS FOR THE COMING YEAR:
●

●

●

●

●

●

●

●

●

Develop a continuous process to replace the batch process currently operating.
Determke the effects-of electrolyk concentrations and chemic~ ~pecies (valency) on the
electrophoretic sedimentation rate and power requirements.
Determine the effect of the clay/coal concentration ratio on the degree and rate of separation.
Compare the measured the time-dependent local electric field with finite-element theoretical
calculations.
Develop theories for the electrophoretic motion of concentrated aqueous colloidal suspensions
which can be compared to experimental data and used for large-scale system design.

II. HIGHLIGHT ACCOMPLISHMENTS

A novel electrokinetic system has been designed which incorporates rotating anodes to prevent
fouling and increase the degree and rate of separation.
Effective sedimentation of the colloidal clay and coal particles has been demonstrated. It has
also been established that after electrophoretic sedimentation begins the ektric field can be
turned off and gravitational sedimentation dominates. This greatly reduces the power
consumption of a batch process.
The cathode has been modified to facilitate the escape of hydrogen gas produced by
electrolysis, and the conditions required to avoid oxygen evolution at the anodes have been
explored.
Preliminary parametric studies relating to the rate of electrophoretic sedimentation along and the
power requirements have been carried out.

III. ARTICLES AND PRESENTATIONS

Two presentations of research results to the scientific staff of PacificCorp Power Supply to
develop interaction with the industry.
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DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or impiy its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or refiect those of the United States
Government or any agency thereof.
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