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SCOPE FOR: BAHRAIN INTERNATIONAL JOURNAL OF SUSTAINABLE RESOURCE
AND WASTE MANAGEMENT

The Editors seek contributions which consider sustainable management of resources and
waste. Emphasis is given to a range of issues including technological, economic, institutional
and policy aspects of specific resource and waste management practices. This will include
conservation, recycling and resource substitution. Strategies, such as resource productivity
improvement, the restructuring of production and consumption profiles and the developments
in industry will also be considered.

Contributions may have relevance at international, national or regional scales. Contributors
may also emphasise pure and applied scientific issues as well as methodological. Papers that
consider only laboratory experiments, without a practical, environmental and economic aspect
are excluded from publication.

The journal publishes research papers and reviews on topics, which include:

e Efficient management and use of all resources, including air and water, with regard to
the qualitative as well as quantitative aspects of resource use.

e Economic, societal and technological change for recovery and reuse of materials and
energy from all waste streams.

e Best Practical Environmental Options.

e Sustainable production and consumption patterns, including management,
instruments and methods.

e Innovation: tools and methods relating to resource productivity improvement.
e Management systems involving resource status, use and material flows in society.

® Policy aspects to improve the sustainability of resource use, including strategies for
managing resource supply and demand, lowering energy intensities and increasing the
serviceability of products.

e Substitution of primary resources by renewable or regenerative alternatives.
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Instructions to Authors

1. Article structure
Subdivision - numbered sections. Divide the article into clearly defined and numbered sections.

Subsections should be numbered 1.1 (then 1.1.1, 1.1.2,), 1.2, etc. (the abstract is not included in section
numbering.

Introduction. State the objectives of the work and provide an adequate background.

Material and methods. Provide sufficient detail to allow the work to be reproduced. Methods already
published should be indicated by a reference: only relevant modifications should be described.

Results. Results should be clear and concise.

Discussion. This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate.

Conclusions. The main conclusions of the study may be presented in a short Conclusions section.

Appendices. No appendices.

Guidelines for size of Article. The journal seeks articles that are between 3 000 and 6 000 words with
up to 10 Figures and Tables.

Tables and Figures. These are submitted with a separate page for each one. Full captions on each
page. In text indicate where Table and Figure might be best placed.

Submission. The article must be submitted by Email to the Journal Editor whose address is in the list
of the Editorial Board.




[image: image7.jpg]2. Essential title page information

Title. Concise and informative. Avoid abbreviations and formulae where possible.

Author names and affiliations. State the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name, and. if available. the e-mail address of each author.

Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and
publication, also post-publication.

Abstract. A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. References should be avoided.
Keywords. Immediately after the abstract, provide a maximum of 5 keywords.

Acknowledgements. Collate acknowledgements in a separate section at the end of the article before
the references and do not, therefore, include them on the title page.

3. Other information

Footnotes. Footnotes should be used sparingly. Do not include footnotes in the Reference list.

Artwork.

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
* Number the illustrations according to their sequence in the text.

« Provide captions to illustrations.

* Place Figures and Tables into text.

Color artwork ? The journal does not publish in color.

Figure captions. Ensure that each illustration has a caption.

Tables. Number tables consecutively in accordance with their appearance in the text. Be sparing in the
use of tables and ensure that the data presented in tables do not duplicate results described elsewhere in
the article.

References. Please ensure that every reference cited in the text is also present in the reference list (and




[image: image8.jpg]vice versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended.

Web references. As a minimum, the full URL should be given.

Reference style. Use Harvard.

4. Submission checklist.

One Author designated as corresponding Author:
* E-mail address

* Full postal address

* Telephone and fax numbers

All necessary files have been uploaded

* Keywords

= All Figures with captions. On separate pages
* All Tables with captions. On separate pages.

Further considerations
* Manuscript has been "spelichecked" and "grammar-checked"
* Permission has been obtained for use of copyrighted material from other sources (including the Web).
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The use of plasma arc technologies, especially in the treatment of hazardous wastes, is set to expand.
The technology is intermediate within the waste management hierarchy and is characterised as an
Advanced Conversion Technique (ACT) with Best Available Technique (BAT) attributes. Adoption is
driven by the increasing stringency of environmental regulations, the requirement for efficient resource
utilisation, the responsibility of original equipment manufacturers (OEMs) for product life cycle impact
and the reducing capacity of traditional disposal mechanisms. Within this industrial climate plasma
technology is set to become an important component of sustainable waste management solutions.
Tetronics’ technology is mature and has been successfully employed in a range of commercial-scale
environmental applications. This paper reviews recent developments of Tetronics’ technology for the
treatment of Asbestos Containing Material. Operational results obtained from a pilot scale plasma arc
system are presented along with material properties and ecological performance data.

Key words: Plasma Arc, Advanced Conversion Technique, Hazardous Waste, Sustainable Waste
Management.

PLASMA TECHNOLOGY
e .

Plasma Arc Technology is finding wider application in the treatment of hazardous waste materials,
which is being stimulated by the increasing demands of regulatory and economic drivers and offers the
following advantages:

e ahigh-intensity, clean, processing solution with minimal environmental impact;
e arobust proven technology that it is simple to operate and maintain;

e it delivers high destruction and reduction efficiencies (DREs);

e itallows for the control of power input independently of process chemistry;

e the main by-product is a stable vitrified slag (European Waste Catalogue (EWC) 190401),
with a default non-hazardous designation, but with waste acceptance criteria (WAC)
performance to inert landfill status in the case of both basic and compliance characterisation.

The last feature generates good utilization potential for the vitrified material as a product and enables
the economic recycling of valuable resources. The different varieties of the technology have an
intermediate position in the waste management hierarchy and a number of governmental departments
have live research programmes configured to promote technological adoption.

Currently, within the Environmental or Integrated Waste Management sector, there is a climate of
rising costs, limited numbers of technology and provider options and significant levels of market
consolidation. These market features are defining technological dominance based on a combination of
geographic and investment criteria. Traditionally, the Environmental Sector has operated with basic
mixing technology solutions, e.g. physiochemical consolidation, physiochemical separation,
neutralisation and basic material bulking, with ultimate reliance on landfill and high temperature
incineration (HTI). The impact of the national statute, derived from the adoption of the Landfill
Directive 1999/31/EC, Integrated Pollution
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[image: image11.jpg]Prevention and Control (IPPC) Directive 96/61/EC and Waste Incineration Directive 2000/76/EC, has
demanded technological advancement for continued compliance. The impact of these changes has
been magnified due to the landfill tax escalator, the requirement for pre-treatment to meet WAC and
the end of co-disposal which has limited the number of hazardous and stable non-reactive hazardous
waste landfill sites. The pressure on the Environmental Sector is set to increase further with the
introduction of WAC for non-hazardous landfill, which is currently a default location for a lot of waste
streams.

Plasma Arc Technology (Vaidyanathan et al., 2006; Iwao et al, 2004; Yang and Kim, 2004) offers the
ability to close the recycling loop by going beyond the non-hazardous default designation of the EWC
and in demonstrating inert status of its vitrified products with respect to the WAC. Currently, there is
more hazardous waste than the disposal capacity can easily handle and costs are rising. Plasma Arc
Technology offers the potential to end the market reliance for hazardous waste on landfill and HTI.

This paper presents an example of a plasma based solution, for the treatment of Asbestos Containing
Materials (ACM) (see Leonelli et al., 2006; Harris and Kahwa, 2003; Plescia et al., 2003). Asbestos is
a term used to describe a number of naturally occurring fibrous silicate materials. There are several
different types of asbestos, which are part of either the amphibole or serpentine mineral groups.
Amphibole asbestos may cause cancer such as mesothelioma, serpentine is less dangerous (www.e-
a.gov.uk/hazwaste). Asbestos was used extensively in the UK from the 1940s to 1970s for a range of
uses including: packing as fire breaks, moulds, asbestos cement, paper products, ropes and textured
coatings (NetRegs, 2006). It is reported that at least 5% of Construction Demolition waste is asbestos
and some 7% is asbestos cement. There are some 8 categories and 19 types of asbestos listed in the
Coding system used by the Environment Agency of England and Wales (Using the List of Waste to
Code Waste: Living guidance from the EA, 2006). During 2004 and 2005 England (and rest of UK)
implemented the Landfill Directive (2004) and the revised Hazardous Waste England Regulations
(2005) list, and other developments in hazardous waste management. This precipitated a significant
reduction in landfills authorised to take hazardous waste and a change in classification schemes that
then increased the quantity of hazardous waste arisings. Asbestos is classified as a stable non-reactive
hazardous waste (SNRHW) (Hazardous Waste (England) Regulations, 2004) in a ratio of > 0.1% w/w.
Within England there are only some 13 landfills able to take

hazardous waste and a further 11 that have the permits to utilise specific cells for SNHRW. The landfill
directive has had a marked impact on asbestos waste management with costs excluding transport of
£135 - £200 per tonne. Transport costs could add another £50 - £150 per tonne depending upon
location and quantity. Costs are higher in mainland Europe with values of £1 000 per tonne quoted for
total costs (Leonelli et al., 2006). The Waste Strategy for England (DETR, 2000) makes clear the need
for the adoption of new technology to shift management away from landfill towards more sustainable
methods. The Strategy Unit Report (Strategy Unit, 2002) - Waste not Want not - made clear the
England needed to demonstrate and evaluate radical new technology. The impact of this report was the
development of the DEFRA New Technologies programme (DEFRA, 2004) which is driving the
demonstration of such new technology in England. Such technologies (Phillips and Bates, 2005) must
be able to be designed and constructed for specific contexts, completely eliminate the hazardous waste
and above all have an emissions profile that is publicly acceptable (Phillips et al., 2005

11




[image: image12.jpg]PLASMA FURNACE DESCRIPTION

The Hot Wall Plasma Furnace is shown in Figure 1.

Figure 1: Schematic of the Refractory Lined (Hot Wall) Plasma Furnace

Some of the key sections are:

A refractory-lined mild steel shell with an additional water cooling jacket in the upper shell
area and a row of water cooled copper fingers at a nominal slag level in order to provide
additional protection for the refractories at the slag line.

The refractories are 150 mm thick in the sidewall and 400 mm thick in the base enclosing a
working volume 650 mm in diameter and 625 mm to the upper flange.

The refractory is a cast alumina spinel with trade name Spincast AS422, which contains 90%
alumina and 8% magnesia (grain size 13 mm) and has a maximum service limit of 1800 °C.

A 150 mm diameter steel bar in the base of the furnace acts as a return electrode for single
electrode operation.

The furnace has apertures in the upper shell region for pressure monitoring and for camera
viewing.

Thermocouple monitoring of refractory temperature is provided at eight locations (B-type
thermocouples) and in the return electrode at two locations (K-type).

There are five large apertures in the roof: a central port for single electrode work, two side
ports either side of the central port for twin electrode operation, a side port for feeding and
general access and a larger off-gas port.

A steel support stand, mounted on heavy-duty wheels and railway tracks for easy removal and
installation of the furnace.

12




[image: image13.jpg]The design of the furnace has been subjected to a simple thermal analysis to calculate the approximate
‘zero loss’ of the furnace at steady state; i.e. the input power required to maintain a nominal internal hot
face temperature of 1600 °C. The actual overall heat loss is approximately 90 kW. It has been
empirically determined that the furnace will reach quasi-equilibrium within around 1.5 — 2 hours of
heating.

The cathode electrode motion is controlled by a central single axis manipulator (vertical only),
consisting of a heavy-duty linear slideway actuated via a servo motor and gearbox. The electrode
clamping device is fixed to the carriage plate and the whole assembly is mounted on electrically
insulating ceramic and fibreglass rings and spacers to prevent side arcing of the plasma device. The
base of the manipulator is surmounted by a double seal assembly containing a water-cooled packing
gland type seal for the torch or electrode to pass through into the furnace. Electrode diameters of up to
100 mm can be accommodated through this central port and the maximum stroke is 1000 mm.

The manipulator is connected to actuation power and control signals via cables running to electrical
panels on the wall of the furnace room nearby. The connections to the panels are made with coded
heavy-duty connectors for rapid disconnection of the furnace and its associated equipment. The use of
the single manipulator allows for the single electrode operating mode in which the return path for the
current is via the steel return electrode in the base of the furnace. The central roof port is used for this
mode but in principle any one of the three could be used if desired. The furnace is manually tapped
using a thermic lance, consisting of a thick-walled steel tube connected to a trigger-operated lance
holder for oxygen supply and the end ignited with an oxy-acetylene torch. The molten material flows
out into a refractory-lined bucket until it drains down to the bottom of the tap hole.

The off-gas handling system consists of a refractory lined combustion chamber of flanged mild steel
construction with temperature, flow rate and pressure instrumentation. The

combustion chamber is fitted with primary and secondary air inlet bussel pipes, with
gas flow control being achieved using actuated butterfly valves and fan speed control.
The primary air supports combustion of any carbon monoxide and hydrogen in the off-
gas stream and the secondary air cools the off-gas stream rapidly to avoid organic
pollutant reformation, i.e. dioxins and furans. The combustion chamber temperature is
maintained using a natural gas burn operating in response to a PID control module. The
gas flow rate measurements are acquired from averaging pitot tubes used in conjunction
with differential pressure transducers. The system pressure and overall gas flow rates
are controlled using an inverter drive induced draft (ID) fan chemically reducing
atmosphere inside the furnace

13




[image: image14.jpg]PILOT PLANT FACILITY PREPARATION

After consultation with the Environment Agency (EA) Process Industries Regulator, Tetronics replaced
existing spiral-wound off-gas ducting with smooth bore ducting of all welded construction and installed
a secondary panel HEPA filter to its baghouse to act as a fail-safe mechanism, in case of primary filter
failure. Tetronics prepared a four tier risk management plan.

The list of the subsidiary activities undertaken prior to the use of ACM included:

Designing, fabricating and installing a sealable feeding system.

Applying an airlock philosophy within a negative pressure tented enclosure for feeding
processes.

Preparation of an industry ‘representative ACM waste feed’ material by C&D Environmental
to include fibrous and cemented ACM products with certified asbestos character.

Preparing a method statement for EA approval.
Operating the plasma furnace with a neutral and/or reducing environment to minimise loss of
the plasma electrode profile, using minimal gas flow to avoid physical carryover and negative

pressure to minimise material egress.

Ensuring effective treatment of ACM waste by soaking it in the plasma furnace, for a
specified period after the time of final feed entry.

Flushing, ie. filling and tapping, of the furnace system and cleaning of all residues,
particularly ash, from the SCC and baghouse.

Notifying the EA and obtaining Waste Management Licensing (WML) exemption.

All of the above tasks were complete prior to the demonstration which occurred on 7th September 2005
over a 12 hour period. On completion of the demonstration the equipment used was cleaned and
certified as being free from asbestos.

14




[image: image15.jpg]DEMONSTRATION TEST RESULTS

FACILITY OPERATION

The Hot Wall Plasma Furnace was operated on two separate days. On the 25 August 2005 the furnace
was heated to 1600 °C from cold and reached thermal equilibrium, at close to atmospheric pressure,
over a period of 1.5 hours. A simulant slag, of similar constitution to that of vitrified ACM, was then
fed continuously into the plasma furnace to flush out residuals from the reactor in order to minimise
any cross-contamination from previous work. The simulant slag composition ( SiO, (33.7%), CaO
(58.8%), Al,O3 (3.2%) and Fe,05 (4.3%)) was prepared from virgin reagent materials and designed to
have a liquidus temperature of between 1400 and 1450 °C.

The furnace was tapped using a thermic lance to open the tap hole which was then resealed. A further

mass of simulant slag was charged to the furnace to act as a receptor for the ACM waste. A total of 70
kg of slag was charged to the furnace and approximately half of it was retained to act as a receptor for

the ACM waste and as a return path for the DC plasma circuit. The above operation took place over a

period of approximately 5 hours.

OPERATION WITH ACM

The second stage of the demonstration involved the processing of ACM waste and took place on the
7 September 2005, after the appropriate regulatory permissions had been granted. The material
prepared for the trial was certified by Asbestos Analytical Services (AAS) as being asbestos
containing. The types of ACM, the amounts and times when they were charged to the furnace are
detailed in Table 1.

Table 1: Details of the ACM waste charged to the furnace

Time Mass (kg) ACM Waste type Comment

13:00 6.5 Amosite from vessel insulation. Material saturated with water

13:40 8.0 Amosite from vessel insulation. Material saturated with water

14:25 70 Amosite from vessel insulation. Material saturated with water

14:30 50 Amosite from pipe work insulation. Slightly drier material than above

14:50 6.0 Amosite / Chrysotile Asbestos Insulating Dry material, approximately 50 mm
Board (AIB). square

15:20 10.0 Chrysotile ceiling board debris. Dry material, approximately 50 mm

square
Total 42.5
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[image: image16.jpg]The furnace was heated to 1600 °C from cold, at close to atmospheric pressure, over a period of
3.0 hours. Once steady state conditions had been achieved ACM was fed from within a negative-
pressure tented enclosure into the furnace. A view of the prepared installation is shown in Figure 2.

The working volume of the furnace was 0.075 m’, so with an assumed slag density of 3000 kg m*, 225
kg of slag was required to fill it. The ACM waste was charged to the furnace over a period of three
hours, thermally soaked for 50 minutes and finally tapped down in 10 minutes. Five samples were
taken from the molten slag stream as it exited the furnace.

The plasma furnace performed predictably and accepted all of the different classes of ACM with
minimal impact on its operational characteristics. The ACM was successfully assimilated into the slag
phase to form a final waste form with an ACM loading of ~55% w/w. No plasma outages occurred and
the reactor and off-gas system were certified for re-occupation as being asbestos-free without cleaning.
This indicated that the plasma system was effective in destroying the asbestos polymorphs and that
fibre carry-over into the off-gas train did not occur during the process. In summary, these observations
demonstrate minimal environmental impact as a result of the process.

Figure 2: Tetronics Refractory Lined (Hot Wall) Plasma Furnace, prior to tent installation.

The five tap samples were handled and bagged by Asbestos Analytical Services (AAS).
They were assumed to have arisen from different levels in the furnace. All samples were
identified for COSHH purposes as plasma vitrified material (EWC 190401

16




[image: image17.jpg]PLASMA OPERATIONAL DATA

The mode of arc initiation was electrode contact and the voltage was ramped to 400 V and sustained
until plasma current was detected. Because the return electrode was located centrally in the furnace
base it was paramount that the furnace was not allowed to freeze off during the heat to ensure an
electrical path for the current. Typical arc voltages of 130 to 180 V were observed when the ACM was
being processed and around 100 to 110 V during operational periods without ACM feed. Steady state
operating currents were set at 1100 Amps through a balance of plasma stability and the process gross
power requirement. The typical power input while processing ACM varied between 150-170 kW with
occasional peaks at 250 kW (probably as a result of variations in the ACM water content). The gross
energy requirement for handling wet ACM of different characteristics was calculated to be
approximately 100 kWh tonne™ and, lherefore, wnh a feed rate of 0.059 tonnes hour” from an assumed
hearth feed rate loading of 0.18 tonnes hour! m?, the anticipated gross power requirement was 150
kW. Argon was used as the plasma gas and the elec(rode gas flow rates were maintained 30 Nlpm
during the heat to stabilise the plasma arc, with a typical 150 mm arc length.

The process electrical characteristics are shown in Figure 3. Due to the diverse range of asbestos
product forms and the change in feed rates due to their different physical characteristics it was not
possible to determine parameters such as hearth feed rate loading and specific power requirements.
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Figure 3: Tetronics Hot Wall Plasma Furnace electrical characteristics.

It can be observed that during the early stages of the heat, the voltage was generally stable as a function
of time but the addition of ACM caused the voltage to increase. No outages were observed. During
the heat the plasma power supply (PPS) was configured in series mode, which gave a maximum
voltage threshold of 800 V. The furnace reached steady state operation at about 12:30, the cumulative
energy usage over the entire heat was 945 kWh and was consumed in approximately 6 hours.
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[image: image18.jpg]For DC plasma processes in reducing environments, the typical wear rate of a graphite cathode is
1to2 kg MWh'. The originally cylindrical electrode tended to wear into a slender cone as a result of
erosion at the tip which also opened out the central hole. The electrode also exhibited radial wear
along its shaft. The wear rates are consistent with previous observations and indicated that there was
no fundamental problem in using graphite electrode systems for waste treatment at a larger scale in a
hot walled furnace with a degree of air ingress. The Plasma Furnace was always under negative
pressure, in the range -5 to -2 mbar, during the test. During the heat no direct measurement of
temperature was made, however a physically shielded ‘B’ type thermocouple in the roof space of the
reactor recorded temperatures in the range of 800-900 °C.

RAW OFF-GAS EMISSION DATA

Stack emission monitoring was undertaken by the UKAS accredited MCerts contractor Aspen
Environmental. The work was undertaken to approved standards and reported in line with the Waste
Incineration Directive 2000/76/EC. After the plasma installation had reached steady state conditions,
the following off-gas analyses (averaged to minimise the influence of preheating transients) were
obtained: CO, 4.9 mg Nm™; NO, 119 mg Nm™; NO,, 0.4mg Nm™%; SO, was below the limit of
detection. The data are not normalised for oxygen concentration as the air addition was primarily made
to meet the turndown ratio limitations of the off-gas system and not to support combustion and
subsequent cooling of a synthesis gas.

During feeding of the ACM, the composition of the off-gas changed due to the emission of
carbonaceous gases from the feed stock and from air/water ingress through the feed mechanism. The
following raw averaged off-gas analyses were obtained: CO, 30.9 mg Nm™; NO, 293 mg Nm*; NO,,
5.8 mg Nm™; SO, was still below the limit of detection: The data are shown graphically in Figure 4:
Spot manual measurement of particulate matter gave a mean particle emission of 2.24 mg Nm*.
Speciated organics determined using a charcoal tube and a gas chromatograph were below the limits of
detection as were hydrogen chloride and hydrogen fluoride emissions.
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Figure 4: Tetronics Hot Wall Plasma Furnace raw emissions data.
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[image: image19.jpg]The different generic stages of the trial are summarised in Table 2. At all times the installation
remained within compliance of the WID with minimal off-gas abatement.

Table 2: Generic ACM waste processing trial stages

Time (mins) Mass (kg) Generic Trial Stage Comment
77-109 N/A Furnace approached steady state with Feed system not in operation
minimal air ingress
151 - 155 6.5 Amosite from vessel insulation. Material saturated with water poor
feeding
221-257 8.0 Amosite from vessel insulation. Material saturated with water
7.0 Amosite from vessel insulation. Material saturated with water
266 -274 50 Amosite from pipe work insulation. Slightly drier material than above
284 - 364 6.0 Amosite / Chrysotile Asbestos Insulating Dry material, approximately 50 mm
Board (AIB). square
368 - 396 10.0 Chrysotile ceiling board debris. Dry material, approximately 50 mm
square
Total 425

PRODUCT ANALYSIS TECHNIQUES

B

Various quantitative analyses were undertaken to validate the effectiveness of the plasma process for
asbestos vitrification, the aim being to establish whether any asbestos minerals were present in the
plasma vitrified materials.
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[image: image20.jpg]POLARISED LIGHT MICROSCOPY ANALYSIS METHODOLOGY

Exposure to temperatures greater than 500-600 °C affects the physical properties of asbestos.
Consequently, as the extreme temperatures involved in the plasma vitrification process were likely to
render polarised light microscopy (PLM) characterisation techniques, such as birefringence and sign-
of-elongation, ineffective, X-Ray Diffraction (XRD) was used for bulk crystallographic
characterisation and Scanning Electron Microscopy (SEM) for topographic characterisation at the
Institute of Occupational Medicine (IOM), Edinburgh. Five samples were examined in line with HSG
248 Asbestos (The analysts' guide for sampling, analysis and clearance procedures) which forms the
current basis of the UKAS accreditation, specified above.

OPTICAL MICROSCOPY ANALYSIS METHODOLOGY

The aim of the HSE publication “HSG 248 ‘Asbestos: The analysts’ guide for sampling, analysis and
clearance procedures™ is to combine a number of HSE asbestos guidance documents into a single
publication, including the methods used for sampling and evaluation of fibres in air, and the sampling
and identification of asbestos in bulk materials. A summary of the method of analysis for asbestos
within the bulk sample, according to HSG 248 follows: analysis is initially by x10 Low Power Stereo
Microscopy (LPSM), then detailed examination by PLM to a minimum x 80 magnification. Should a
sample show positive to all the signs, the assessment will indicate the sample as containing a definite
asbestos type. Should any of the indicators prove negative then the result will be assessed as ‘No
Asbestos Detected’. A certificate indicating the results was issued to Tetronics in accordance with
UKAS accredited procedures.

X-RAY DIFFRACTION (XRD) ANALYSIS METHODOLOGY

The five product slag samples were taken for non-asbestos certification by mineralogical analysis.
Portions of each sample were finely ground to create samples of uniform particle size for X-ray
diffraction phase analysis then resultant diffraction patterns were compared with standard reference
materials and search-match indices. A certificate indicating the results was issued to Tetronics in
accordance with UKAS accredited procedures.

SCANNING ELECTRON MICROSCOPY (SEM) ANALYSIS METHODOLOGY

Two random product slag samples (2™ Pour and 5" Pour) were taken for non-asbestos certification by
micro-structural analysis. Portions of the two samples were mounted on 25 mm SEM sample stubs,
coated with a thin layer of conductive gold and examined by SEM. Energy dispersive X-ray (EDX)
analysis was used to indicate the elemental composition of the samples and electronic images of their
structure were recorded. A certificate indicating the results was issued to Tetronics in accordance with
UKAS accredited procedures.
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[image: image21.jpg]DETOXIFICATION ANALYTICAL RESULTS

The analysis, conducted in accordance with HSG 248 ‘Asbestos: The analysts’ guide for sampling,
analysis and clearance procedures’, is summarised in Table 3.

Table 3: Analysis results of the slag product and plant swabs to HSG 248

AAS Sample No Asbestos levels Conclusion
ABS/1227 No asbestos detected Treatment successful
ABS/1228 No asbestos detected Treatment successful
ABS/1229 No asbestos detected Treatment successful
ABS/1230 No asbestos detected Treatment successful
ABS/1231 No asbestos detected Treatment successful
ABS/1232 No asbestos detected Plant clear
ABS/1233 No asbestos detected Plant clear

The XRD traces for all five samples were the same and the annotated diffractograms of samples 2 and
5 are shown in Figure 11. Most of the material appeared to be crystalline and was identified from the
diffraction pattern to be

Akermanite (the Akermanite-Gehlenite geological series has the following generic chemical formula
(Ca_Na)z(Al.Mg.Fe)z‘[(Al.Si)SiOﬂ)4 No peaks corresponding to any of the primary peaks of the
original asbestos minerals were detected in the sample diffraction patterns.
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[image: image22.jpg]The XRD scanning (26) range considered for diagnostic purposes was more extensive than usually
employed for the determination of the absence of asbestiforms. The 26 range 5 - 30 degrees shows the
first two gehlenite/akermanite lines as well as the asbestiform peaks.

The only trace phase observed was Fe;0,, magnetite. The gehlenite/akermanite (melilite) lines did not
fit the patterns of either end member exactly, suggesting an intermediate composition or a solid
solution. EDX analysis indicated that the samples were composed of calcium, silicon, iron, aluminium
and magnesium (Figure 5)
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Figure 5: EDX spectra of sample 1. The elemental species present confirm the

assimilation of ACM waste. i.e. magnesium is present.
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The different types of ACM wastes presented to the plasma furnace were observed to retain their form
for a matter of minutes at 1600 °C, as they floated on the molten slag due to density differences. This
occurrence was unpredicted as the internal environment of the plasma furnace is extremely demanding
and hostile for the majority of materials. This phenomenon was primarily accounted for by the design
of the asbestos products, as they are designed to inhibit heat transfer. A secondary reason can be
attributed to the ACM waste materials being saturated with water. It is therefore extremely important
that control of both residence time and operating temperature are achieved. These conditions must be
achieved homogeneously within the treatment vessel and be controlled independently of both process
chemistry and ACM product form. In combination, these requirements are identified as the unique
advantage that Tetronics plasma technology can offer.

The test work also validates the economic case presented by Tetronics to prospective clients. The trial
has demonstrated the thorough way in which ACM can be treated using plasma technology and also the
potential for the development of secondary products of ‘inert’ status which will effectively close the
recycling loop

The slag product has been examined in detail using a range of techniques that assess the topographic
and bulk crystalline character of the material. The product has been observed to contain melilite
‘minerals, which are a series of silicate minerals consisting of calcium, aluminium and magnesium;
gehlenite is the alumina rich member and akermanite the magnesium rich member. These minerals
crystallize from calcium rich, alkaline magmas and from many artificial melts and blast-furnace slags.
All five samples appeared to be the same. The crystalline component of the samples was identified by
XRD as a melilite mineral and the elemental composition of the samples, established by EDX analysis,
confirmed the elements to be present in accordance with the XRD results. No evidence of asbestos
minerals was detected in the samples by PLM, XRD and SEM. No asbestos mineral peaks were
detected by XRD and no asbestos fibres or ghost fibres were detected by SEM. Therefore, the samples
are confirmed as ‘not containing asbestos minerals’.

Market Economic Information from decommissioning, remediation and environmental contractors
indicates that the cost incurred in the management activities for ACM can be summarised as follows:

e Haulage costs to a landfill site = £150 - £500 per metric tonne

o Disposal costs at a suitable landfill = £135 — £200 per metric tonne (Including gate fee and
tax)

Currently the costs are sensitive to landfill site location as the haulage distances can very significantly.
The other significant sensitivity is the physical form of the material and the way it is packed and
transported: The density of the asbestos waste varies and a 35 yztrd1 skip (equal to 26.75 m’®) can vary
between 3 tonnes and 7 tonnes of waste content, providing for a transportation density of 112-

262 kg m™. Finally, contractors claim, that for all sectors of the industry, there are large swings in the
cost of landfill disposal from the North to the South of England with the South being most expensive.

Currently, there are a number of small landfill sites that have a special dispensation from the
Environment Agency for small-cell operation, with limited capacity. However, licensing discipline
will soon result in termination of their operational life, resulting in a dramatic reduction of available
landfill sites.
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[image: image24.jpg]These factors, in combination, are placing a lot economic pressure on commercial operators due to
unstable and escalating operational and management costs. There is also uncertainty about the disposal
and recovery mechanisms due to the phasing out of landfill.

The statistics available on the Environment Agency (EA) website provides for interesting information.
For European Waste Catalogue (EWC) category 17 (Construction and Demolition Wastes (including
excavated soil from contaminated sites) and sub-category 17 06 (insulation materials and asbestos-
containing construction materials, which includes asbestos waste) accounts for 1 142 507 tonnes per
year and confirms that most of the waste was destined for the landfill disposal option.

The advantages of plasma management for asbestos waste include:

e Controllable; easy power adjustment

®  Clean; complete destruction of wastes

e Non-leachable vitrified solid product

e High- temperature; high destruction efficiency of dioxins etc

e Flexible; single plant designed to treat a wide range of wastes.

In the treatment of other hazardous waste streams such as oily rags, plasma technology can be utilised
with gasification. Such wastes are very expensive to deal with in the England; oily rags with mixed
composition are near to £1 500 per tonne for disposal and general organic liquids are >£ 1 000 per
tonne. Linking plasma with gasification for organic wastes opens up a whole new range of advantages.
These include:

e Conversion of chars and tars and other organcics into syngas

e Some 75% of energy in feedstock recovered as syngas

e Energy generation using gas engines produces 35-40% conversion of energy into electricity
e Recovery of heat / steam produced increase energy efficiency to over 60%

*  Renewable Obligations Certificates on output

e Small footprint and scaleable technology

Linking plasma with gasification has the great advantage in that it is one of the most effective and also
environmentally friendly technologies for hazardous waste treatment and energy utilisation
(Mountouris et al., 2006). Public acceptance is key to planning permission to site new technology plant
in England. As
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[image: image25.jpg]such there is a substantial literature on using a range of tools for perfecting the environmental
characteristics of new technology for waste management to meet public acceptance criteria
(Mountouris et al., 2006; Ozeler et al., 2006). This need has been recognised by DEFRA within
England (DEFRA, 2006) where key questions for new technology to meet public acceptance include:

e Emissions: land, air and water
e Mass Balance

e Energy balance

e Costs

e Footprint

e Diversion from Landfill

e Inputs / Outputs

e Job creation

e Level of support from Local Authorities and Local Community

Plasma with gasification has the major advantage in that it is not perceived to be incineration. Initial
evidence from such a plant in England , situated in a urban area suggests that there has been no
problems with public acceptance with plasma technology for over 10 years.

Plasma technology linked with gasification can also make a major contribution to dealing with
Municipal Solid Waste management. Processing of biodegradable Municipal Solid

Waste is vital for England in terms of the targets for the Landfill Directive by 2010. Refuse Derived
Fuel (RDF) will increasingly become a major energy source and plasma / gasification can be used to
maximise energy recovery and diversion from landfill. Key to this is that the residue will be inert under
‘WAC and hence no additional costs will arise in terms of hazardous components. Tetronics Limited is
at the very cutting edge of this development within Europe, and the rest of the world, its considerable
progress in this field has shown that plasma technology can be turned to help deliver cost effective
sustainable waste management that is publicly acceptable; a vital issue for the future (Morrissey and
Phillips, 2006).
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This trial has confirmed that Tetronics’ Plasma Technology is an effective means of converting ACM
waste into a harmless slag product, with the potential for re-use. The technology is robust and
unaffected by the different types of ACM used. It is compatible with the working practice defined
within the regulations for the removal and packaging of ACM waste for disposal.
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