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ABSTRACT

Much has been reported in recent years on the development of pneumatic
transport, triboelectric separation technology for dry beneficiation of combustion
fly ash. As an alternative to carbon burnout, floatation, or mechanical transport
triboelectric methods, this approach holds the potential for combining low capital
cost, low operating costs and high performance.

Solvera Controls has partnered with Tribo Flow Separations to bring this
technology to full-scale commercial and technical viability. This paper will
discuss the results of the first implementation of the TFS technology in a
commercial power plant environment. This implementation was accomplished in
collaboration with Boral Material Technologies. Processing details and test
results are described relative to the combustion ashes that were processed. The
overall processing protocol, system configuration, and carbon-ash separation
performance are presented.

Introduction

The ASTM C-618 specification for using fly ash as an admixture in concrete
requires that the loss-on-ignition (LOI) be less than 6%. With the installation of
low NOy burners, the unburned carbon in many fly ashes from coal burning
utilities has increased to unacceptable levels for such cement applications.
Since unburned carbon constitutes typically over 90% of the LOI for class F fly
ashes, an efficient and economic beneficiation technology that removes carbon
from fly ash may generate significant economic and environmental benefits for
the power industry.

As an alternative to flotation or wet beneficiation and carbon burnout, pneumatic
transport, triboelectrostatic beneficiation technology has emerged as a way to
separate fine-sized particulate with the potential for high efficiency, low cost and
no secondary waste. High LOI fly ash may be beneficiated, under dry conditions,
into a low LOI ash stream for cement applications, and a high LOI or carbon-rich
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stream for blending with coal to recover its BTU value or as feedstock for other
value-added products. The triboelectrostatic technology described in this paper
uses pneumatic transport processing instead of mechanical transport processing.

The backbone of the technology was fundamental, laboratory experimentation
initiated at the Center for Applied Energy Research (CAER) of the University of
Kentucky in 1992. By quantitatively examining particle tribocharging and its
control under gas transport conditions, the optimization of particle-particle
interactions for establishing bipolar charge was understood. These experiments
also showed how to efficiently separate charged particles having diameters
between 0.1-500 micrometers even though turbulent flow dominated the
conditions under which bipolar charge was established. Subsequently, the
laboratory unit, having a feed rate of 0.5 kg/hr, was scaled-up to a prototype
system having a feed rate of 250 kg/hr. This paper discusses the first
demonstration of the technology at a feed rate of 1000 kg/hr for the removal of
unburned carbon from coal combustion ash.

Experimental

The first demonstration of pneumatic transport, triboelectric separation
technology is sited at the Jack McDonough Plant, Atlanta, Georgia. Itis a
collaborative project involving Tribo Flow Separations (TFS), Solvera
Particulate/Stock Equipment Company (SP/SEC) and Boral Materials
Technologies (BMTI). BMTI handles the ash produced at the coal combustion
facility owned by Georgia Power/Southern Company; SP/SEC markets,
manufactures, sells and installs the separation systems; TFS holds the license to
the technology and expertise in its design and operation.

The demonstration system contains all components needed for ash transport,
product generation and collection, and control of operational parameters. The
separator module was deployed in late January with inaugural operation in April
2001. It contains parallel plate electrodes which have a rated throughput of >1.1
x 10° kg/m*hr, i.e. for an equivalent volume of 1 m*, over 110,000 kg (121 tons)
of ash would be able to be processed per hour of operation. In other words, the
technology employs fast-transport conditions with the ash particles under the
influence of an electric field for a very short time.

General Process History and Background

As several previous papers on this subject have described, the dry pneumatic
transport, triboelectrostatic separation process has been many years in
development. However, the basic operating parameters have remained the same
during scale up from the initial, bench system to the latest commercial
installation. In general concept the system consists of a feeder/charging
mechanism, a high voltage separation zone, and a vacuum based material
extraction system.



The feeder combines flyash with air and transports it under turbulent condition
through a charging pipe. Following transport in the charging zone, the ash takes
an electrical charge according to its work function. Carbon takes a positive
charge, and the mineral content of the ash takes a negative charge.

This charged ash/carbon blend is injected into the high voltage separation
chamber under controlled conditions. A high voltage electrostatic field is created
inside the chamber that acts on the charged particles as they enter. In simplest
terms, the positively charged carbon particles migrate towards the negative plate,
and the negatively charged ash particles migrate toward the positive plate. As
the particles migrate they are entrained in a laminar air flow (gas membrane
protecting the physical high voltage plate) and directed to the bottom of the
separation chamber. (See Figure 1)

At the bottom of the high voltage chamber, two plates separate the flow into three
distinct product streams; one carbon rich, one carbon lean, and the last similar in

character to the feed material. Standard vacuum conveyance methods are used

to transport and collect the three product streams to their final destinations.

Commercialization Site

For ease of manufacture as well as ease of transport, the pneumatic transport
triboelectrostatic separation system had always been conceived as modular in
nature. The primary building block would be a 1 ton/hour separator mounted in a
standard, 9.5 foot high international shipping container. Up to 10 of these basic
modules could be mounted in a standard 40 container, resulting in a 10 ton/hour
system block. To this modular separation system, a feeder system and an
extraction system must be added.

The goals of the commercialization project were:

1. Implement a full scale, 1 ton/hour separator module mounted in a shipping
container,

2. Implement a 1 ton/hour feed system

3. Implement a vacuum extraction system

4. Operate the system in a utility environment on a continuous basis to
determine integrity, operating costs, and performance against laboratory
predictions

Figures 2 and 3 show the prototype 1 ton/hour separator module, the
feed/recycle system and an overall view of the site.



Results of Commercialization Site to Date:

The 1 ton/hour continuous separation system has been running for roughly four
months as of this writing. Findings and results from the process include:

1.

Manufacturing Costs — Manufacturing costs fell in-line with pre-production
estimates and suggest that the pre-packaged, modular approach should
realize the low capital cost goals.

. Feed System — Significant effort was spent bringing the feed system to

functional reality. We are pleased to report that as of this writing, the feed
system is delivering 2500 pounds of material per hour on an on-going basis to
the separator. No transport restrictions have been encountered and we will
be expanding the capability of the existing feeder to deliver a higher volume in
the near future. At this point we are 25% beyond design with no throughput
problems encountered.

Operating Costs — Utility requirements for a 10 ton/hour system would be:

20 HP Feeder Air

30 HP Exhaust Air

15,000 Watts Feeder Air Warmer

Small Qty. Fluidizing Air. (This amount is still undetermined)

Assuming an average of $0.10/kWh, then total utility cost will come to

$0.70/Ton of processed ash.
Manpower — To date, the system has not been operated without an operator
present. Secondly, the operators present have been engineering staff from
Solvera or Boral. Over the summer months, Boral will provide a transition
staff from engineering to plant operations. It is expected that one staff person
will be added to each site to perform on-going maintenance and tuning
functions. No additional operating staff is assumed. More data will be made
available as it is gathered.

Conclusion

As of writing this Summary paper, system operation has begun and component
systems are working well within design. The early results suggest that the
research and development work was effective in defining and addressing scale-
up issues important for technology commercialization.
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Figure 1. Schematic of continuous feed,
triboelectric separation system

Figure 2. 1 Ton/Hour Module in container



Figure 3. Commercialization Site
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