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ABSTRACT

A tilting, twin electrode/torch cold skull plasma reactor has been used for the production of -
glass-ceramic materials from waste ashes and sediments. The reactor produced a homogeneous
and de-gassed melt over a skull of the same composition within a single chamber, which allowed
the rapid attainment of steady state conditions. The as-cast tiles were subjected to a scientifically
defined cooling and heat treatment cycle to encourage the formation of crystalline phases and a
uniform microstructure. The material performance requirements for economical viability,
practical applications and ecological compatibility have been assessed. Dynamic process control
has been used to compensate for the complex and variable nature of the waste streams to produce
a consistent product.
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INTRODUCTION

The aims of this study were to address the prime issues associated with the industrial,
commercial and technical acceptance of processed waste materials, These included economical
viability, long term ecological compatibility, the mechanical and physical properties of the
product and scalable processing technologies that can realistically address the magnitude of the
waste treatment industry (21 million tonnes of household waste at £15/tonne). Compositional
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variation in the product can arise from two key sources. Firstly, the composition of waste
streams may vary with differences in source and seasonal activities, hence the treatment
technology must be robust and tolerant of material variations. Secondly, from contamination
resulting from the erosion of refractory liners, the effects of which may be exaggerated by the
small sample sizes usually employed in research scale investigations. The objective was to
produce a consistent tile with a homogenous glassy phase, which could then be heat-treated to
give a uniform, dimensionally fine microstructure with optimum mechanical properties.

' PLASMA EQUIPMENT

' The plasma melting furnace had a refractory lined, water-cooled roof and sidewalls, and a
hemisbheﬁcal, ‘Wwater-cooled, copper crucible for skull melting. Ancillary equipment included:
water supply, distribution and monitoring manifold, argon gas supply, feeding equipment, off-
gas handling equipment, DC plasma power supply and integrated programmable logic controller
(PLC) and supervisory control and data acquisition (SCADA) systems.

The furnace was designed to allow material to be fed at up to 50 kg/hr, with plasma power
delivery of up to 250 kW. The theoretical energy requirement (T.E.R) for material treatment was
approximately 0.55 kWh/kg. The vitrified product was intermittently tapped from the furnace,
into pre-heated cast iron moulds. The equipment and tapping process are shown in Figure 1.
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MATERIAL PREPARATION

The dried, screened, als-received residues were extensively characterised. Particular attention
was paid to bulk oxide composition, heavy metal content, tap density and loss on ignition (LOI).
The charge was prepared, with additions of virgin material to adjust the overall bulk oxide, using
‘cone and quartering’ to generate representative samples. The blending materials employed were
bauxite, burnt lime and silica sand of commercial purities. The materials were dried and
classified to ensure good material flow properties during feeding and the avoidance of refractory
‘ stones. The feeding equipment employed was a metered screw (auger) type.

PLASMA EXPERIMENTATION

During experimentation, the plasma furnace was pre-heated with a small charge fo allow a frozen
skull to develop. The material was charged directly into the confluence of the twin plasma arcs
using intermittent feeding to aid material assimilation and the attainment of steady state testing
conditions. Upon reaching the correct furnace level, the melt was homogenised, degassed and
superheated for casting by adjustment of the plasma current. Dynamic melt temperature control
was also achieved by controlling the plasma current. Variations in plasma voltage arose from
material entry into the plasma arcs, which increased the local resistivity and the specific power
input of the process. Crucible power densities of up to 475 kWm™ were achieved.

Results from the treatment of MSW grate ash, are quoted below. The melting operation was
stable and gave the predicted electrical and thermal behaviour. The re-melting and feeding
periods occupied most of the trial, Figure 2. The melt was fluid and was cast at a temperature of
1600 £ 50°C to give physically intact and complete tiles 130 mm square by 15 — 30 mm in
thickness. The tiles had a density 0£2.7-3.0g cm?, giving a threefold reduction in volume cf.
the blended waste materials. The furnace has proven to be robust, yielding relatively uniform
melt products in spite of the heterogeneous nature of the feed materials employed. The plasma
power input and system losses for trial 13 were monitored continuously and displayed in a ‘real

time’ format to aid process control, Figure 3:
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Figure 2: Plasma furnace electrical characteristics and power consumption
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Figure 3: Plasma Furnace Energy Balance

Large economies of scale are associated with refractory lined furnaces because of their
favourable surface area to volume ratios. Even neglecting any potential revenue from sale of the
product material, the process was economiczally viable based on a comparison of the processing.
costs versus the current costs of disposal, e.g. by landfill.
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PRODUCT MATERIAL ANALYSIS

The mechanical, physical and chemical properties of the glassy furnace product were analysed.
‘Nucleation and crystal growth during heat cu;mmcm were investigated by scanning electron
microscopy (SEM) and X-ray diffraction (XRD) using a full factorial experimental matrix of
time and temperature. Figure 4 shows the variation of growth centres and crystallite size with
temperature for a given soaking time. These data were acquired using lineal intercept analysis of
crystallite size obtained from electron micrographs, an example of which is shown below.
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Figure 4: Crystallisation temperature assessment graph and secondary electron
micrograph of a sample crystallised at 910 °C

The NEN 7345 inorganic leaching test was used to determine the leaching behaviour of the
samples, Figure 5. MSW grate ash tiles showed a release of Fe, Pb and Cr, which is consistent
with the quantities present in the waste samples. When compared with maximum acceptable
concentrations (MACs) for the supply of drinking water, these data show that the tiles would not
affect the quality of drinking water and are a stable repository for heavy metals.

Weibull analysis was used to define the statistical variation of the product strength and the
survival probabilities at a particular stress level. Mechanical testing was done in accordance
with ASTM C1161-94 in four-point bend testing mode using a fully articulated loading fixture.
The Weibull plot is presented in Figure 6. The Weibull modulus of the samples was 13.88, and
the corresponding characteristic strength (i.e. a probability of survival of 37%) was 57.5 MPa.
These properties are similar, if not superior to, those of borosilicate glasses.
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Figure 5: Actual measured leaching characteristics of MSW grate ash tiles

i T -y ) ey [ ey
i P Sy

Figure 6: ‘Weibull plot of mechanical testing data

CONCLUSIONS
Cold-skull plasma melting technology has been used to process a range of waste materials into
solid tile products. The process has proved to be robust and tolerant of input material quality.

The controlled crystallisation of the as-cast glassy tiles has produced a uniform microstructure
with mechanical properties and statistical scatter comparable to that of borosilicate glass.

Leaching tests have shown that the tile composition is stable, with a low heavy metal release rate
that would be acceptable for contact with potable waters.

Economic analysis of the process has shown that the costs of processing are less than the costs of
conventional disposal with the added bonus of a potentially saleable product.
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