Materials recovery from waste cathode
ray tubes (CRTs)
Project code: GLA15-006
Date of commencement of research: 2nd September 2002
Finish date: 31st March 2004

Written by:
ICER
(Industry Council for Electronic Equipment Recycling)

Published by:
The Waste & Resources Action Programme
The Old Academy, 21 Horse Fair, Banbury, Oxon OX16 0AH
Tel: 01295 819900 Fax: 01295 819911 www.wrap.org.uk
WRAP Business Helpline: Freephone: 0808 100 2040
March 2004

ISBN: 1-84405-077-7

R&D Report: Glass

Creating markets for recycled resources

Abstract
This project investigated arisings of waste CRT glass, explored collection and separation techniques, and found five
applications with the potential to use significant quantities of glass. They were:
•
bricks and tiles (for panel glass, which is unleaded)
•
flux in brick and/or ceramic ware manufacture (for panel glass, which is unleaded)
•
foam glass for insulation (for panel glass, which is unleaded)
•
manufacture of new CRTs (for both funnel and panel glass, mixed and separated)
•
fluxing material in metal smelting (for mixed glass and/or leaded funnel glass).

Executive summary
This is the final report for a project to examine potential applications for waste cathode ray tube (CRT) glass. The
project is led by ICER, with support from Glass Technology Services.
There is currently no legislative requirement to recycle CRTs but this will change with the implementation of the Waste
Electrical and Electronic Equipment (WEEE) Directive in 2004. There is also an apparent lack of applications for CRT
glass because of its high lead oxide content. Landfill is currently the cheapest option.
The
•
•
•
•
•
•
•
•
•

main objectives of this project were to:
identify issues affecting disposal and recycling of CRT glass
estimate current and future arisings
survey existing applications
examine the potential for recycling the plastic casings surrounding CRTs
identify possible applications and prioritise for in-depth study
examine five applications for CRT glass in detail
examine current and emerging techniques for separating the leaded and unleaded glass in CRTs
identify best practice for collection
draw up a business development plan.

Materials and components in a CRT
CRTs contain two types of glass — barium/strontium glass and leaded glass — that are welded together with a lead frit.
Other components include electron gun, metal mask and deflector coil. The inside of the screen is coated with a mixture
of phosphors. A CRT is usually housed in a plastic casing.
The high levels of lead oxide in the funnel section of CRTs, and the barium/strontium oxides present in the screen
section limit options for re-use.

Legislation affecting CRT disposal and recycling
•
•
•
•

The WEEE (Waste Electrical and Electronic Equipment) Directive sets targets for material recycling and recovery of
equipment containing CRTs. It is to be implemented in national legislation by 13 August 2004.
The European Hazardous Waste Catalogue classifies CRTs as hazardous waste. Disposal of CRTs is therefore
affected by the Landfill Directive and the Basel Convention.
The Landfill Directive requires CRTs to go to specially designated hazardous landfill sites.
The Basel Convention — transfrontier shipment of waste — bans the export of waste CRTs to non-OECD countries.

Arisings of waste CRT glass
Current and future arisings of waste CRT glass were estimated from the following sources:
•
televisions
•
monitors — in personal computers (PCs) and other applications
•
production waste from glass manufacture and CRT assembly.
Arisings of CRT glass in 2002 were estimated at 104,532 tonnes. Of this, some 69,000 tonnes came from TVs and some
26,000 tonnes from PC monitors. It is predicted that there will be some 102,000 tonnes of arisings of CRT glass in 2012.
Of this, some 90,000 tonnes will come from TVs, reflecting the increased weight of glass in newer TVs. Only 5,000
tonnes are predicted to come from PC monitors, because of the switch to LCD technology.

Arisings of waste plastics in casings surrounding CRTs
It is estimated that in 2002 there were some 25,000 tonnes of arisings of waste plastics from monitor and TV casings.
ABS is normally used in monitors and HIPS in TVs. Little of this waste plastic is currently recycled and further research
into possible applications is needed.
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Existing routes for waste CRT glass
Disposal patterns
TVs and computer monitors from households are disposed of either through civic amenity (CA) sites or — for TVs —
through repairers, rental companies and retailers. It is estimated that up to 500,000 TVs1 per annum are exported for
re-use outside the UK.
PC monitors and TVs from commercial organisations are normally collected by waste management companies, IT
refurbishers or dismantlers, and charities or community groups.
ICER conducted a survey of WEEE processors which found that in 2002 an estimated 80% of PC monitors from
commercial enterprises passed through refurbishers, dismantlers or brokers of IT equipment. Of these an estimated:
•
15% were refurbished and sold directly to end-markets in the EU
•
10% entered a recycling process in the EU
•
30% were sold on as re-usable to a UK agent who was not the end-user (and probably exported)
•
the remainder were sent to landfill.
Current recycling techniques
CRT recycling in the UK is largely restricted to monitors disposed of by businesses. This is because local authorities —
which deal with waste TVs and monitors from households — are unable to pay the costs of processing the waste glass.
There are four main approaches to recycling CRTs in the UK. The first is to process mixed glass for use in the ceramics
and building products industry. Amounts used are small. The second is to separate the glass for use in new CRTs. This is
not yet being carried out on a commercial scale for post-consumer glass but is a well-established route for production
waste from the assembly process. The third approach is to send whole CRTs for use as flux in smelting. A fourth
approach in the UK involves specialist smelting of CRTs to remove the lead from the glass. This is not yet in commercial
operation and there are no published data on the process or its results.

Identifying and prioritising applications for CRT glass
Some 35 possible applications for waste CRT glass were identified in the course of this research. Five of these were then
prioritised for in-depth study, taking into account the quantities of glass likely to be used, economics and environmental
considerations.
Use of CRT panel glass in bricks and tiles
Bricks and cladding tiles can be manufactured by pressing together glass particles and firing the resulting product to
increase density and strength. This application is suitable only for unleaded panel glass. The project analysed three
products made with CRT panel glass.
The first was a brick developed by Staffordshire University. Tests showed that the physical properties of the product
made it suitable for a range of non-engineering applications, e.g. decorative bricks and cladding tiles. Chemical durability
tests showed that likely levels of toxic leachates were below the levels set for drinking water. The manufacturing process
has a reduced environmental impact in terms of CO2 emissions compared with standard clay bricks and also compares
well in terms of cost. This application has the potential to use significant quantities of the UK’s waste CRT panel glass
but considerable market research is needed to develop a market for this niche product.
The second product was a cladding tile manufactured by Innolasi Oy, Finland. This was found to be expensive to
produce compared with imported natural stone. It is therefore unlikely that there would be substantial demand for this
product in the UK.
The third product was a decorative tile manufactured by The Green Bottle Unit, London. This application has the
potential to use only 0.1% of UK arisings of CRT glass.
Use of CRT panel glass as flux in brick and ceramic manufacture

1

Reclaimed Appliances, 2003 (private communication with ICER)
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Research by CERAM into the use of container glass as flux in brick manufacture shows that a 5% addition of glass could
save between 3 and 5% of the energy used in the firing process. This application is suitable for unleaded panel glass.
CERAM has carried out further research which shows that additional energy savings would result from the use of CRT
glass. It is likely to be a more effective fluxing agent than container glass because of its higher alkali content and lower
melting temperature. This application has the potential to use a significant amount of the UK’s waste CRT panel glass. If
all UK brick manufacturers used 5%, some 370,000 tonnes of CRT glass would be required. This amount is over five
times the annual arisings of waste CRT panel glass in the UK. The use of glass as flux may, however, add some cost to
brick manufacture because of the need to grind the glass very finely. Further work is needed to raise awareness among
brick manufacturers of the potential for using CRT glass and to explore the collection and processing infrastructure
needed to ensure consistent supply.
There is a similar potential for using CRT panel glass as flux in the manufacture of ceramic ware, but further research is
needed and demand has not been quantified.
Use of CRT panel glass in ceramic glaze
Because the metal oxide content of waste CRT panel glass varies from batch to batch it would be technically difficult to
incorporate CRT glass in ceramic glazes and glass frits. Furthermore, these applications would use only a fractional
amount of UK arisings of waste CRT glass.
Use of CRT panel glass in foam glass
Foam glass is an insulating material which can be made from post-consumer waste glass. Experience in Norway
indicates that it is feasible to incorporate at least 20% CRT panel glass in foam glass. There are no known technical
barriers to using CRT glass and no adverse environmental impacts compared with using other types of waste glass.
Demand for foam glass in the UK, however, is limited and there is currently no production capability. Production facilities
are being considered, but the projected demand for CRT glass in this application is low, starting at 3,000 tonnes per
annum and rising to a maximum of 9,000 tonnes per annum.
Use of CRT glass (panel and funnel) in the manufacture of new CRTs
There is potential to use 10% of the UK’s total annual arisings of waste CRT glass (14% of panel glass arisings) in the
manufacture of new screens in the UK. Demand for waste CRT glass — panel and funnel — across the existing 15 EU
member states is currently between 8% and 10% of estimated arisings and could increase to as much as 20% if it
proves technically and commercially feasible to use over 50% glass cullet in the manufacture of new funnel glass and
30% in panel glass. The glass must be separated, sorted and cleaned to meet glass manufacturers’ strict quality
requirements. Further work is needed to explore the technical limits to using post-consumer cullet and to raise
awareness of the demand from glass manufacturers for waste CRT glass. Use of cullet in the manufacture of new CRT
glass is an important application for waste CRT glass, particularly for lead-containing funnel glass for which recycling
options are limited.
Use of CRT glass (panel and funnel) in smelting operations
In some types of smelting operations, CRT glass (mixed or separated) can replace sand which is used as a flux. Copper
smelters have the greatest potential to use CRT glass but lead smelters using Imperial Smelting Furnaces (ISFs) for
primary lead and zinc production may also have the potential to use this material. In order to use CRT glass in smelting
operations it is necessary to establish that the lead in the glass can be recovered and that the resulting slag is
sufficiently non-toxic to be used in secondary applications such as road aggregate. Smelting is potentially an important
application for lead-containing funnel glass for which other recycling options are limited. For this application there is no
need to remove the glass coatings before recycling takes place.

Methods of separating CRT glass
There are two approaches to separating the panel glass from the leaded funnel glass. The first is manually to remove
the CRT from its casing and split it. Established techniques in commercial operation include hot-wire, laser-cutting,
diamond-sawing and thermal shock. The second approach is to shred whole TVs and monitors, recover the glass from
the remaining material and separate it into different types. Methods for separating shredded glass include UV and X-ray
systems.
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Collecting post-consumer waste CRT glass for recycling
Because little recycling of post-consumer TVs and monitors is currently taking place in the UK, there is limited
experience of collecting this equipment to optimise recycling. The key consideration is that CRTs should arrive at
treatment operators intact. Several companies now offer to collect CRTs for recycling and ICER is developing a code of
practice against which these companies can be audited to gain ICER Accreditation.

Business development
To encourage take-up of applications for waste CRT glass, there needs to be greater awareness of the opportunities. A
seminar will be held to disseminate the findings of this research, followed by a workshop to enable suppliers and endusers of waste CRT glass to take things forward.
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Introduction
1 Purpose of this report
This is the final report for the WRAP project, researched by ICER with support from Glass Technology Services (GTS), to
find applications for waste glass from cathode ray tubes (CRTs). It covers all the findings of the research objectives set
out in 1.1.

1.1 Research aims and objectives
This project examined potential markets for waste CRT glass and for recycling the plastic casings surrounding CRTs.
The
•
•
•
•
•
•
•

•
•
•
•

objectives of the project were to:
identify materials and components in CRTs
summarise legislation affecting disposal and recycling of CRTs
estimate current arisings of waste CRTs
forecast trends in arisings over the next 10 years
survey existing outlets and recycling processes for CRT glass
identify all possible applications and prioritise five for further study
conduct a detailed study of five prioritised end-use applications for waste CRT glass, taking into account
— technical barriers
— production costs
— potential demand for CRT glass
— the environmental impact of using CRT glass
provide feedstock specifications for each of the five end-use applications examined, including particle size and
tolerance to contamination
identify current and emerging techniques for separating CRT panel glass from the lead glass fraction
establish best practice for collection, storage and handling of CRT glass
draw up a business development plan which identifies operators and customers for end-use applications.

1.2 Background to the project
There is currently no legislative requirement to recycle CRTs and no financial incentive to do so — landfill is still the
cheapest option.
There is increasing urgency to develop applications for CRT glass. New legislation, such as the WEEE Directive, will
require increased recycling and recovery, and other legislation, such as the Landfill Directive, will increase the cost of
landfilling CRT glass.
There is also growing concern about the environmental impact of disposing of CRTs in landfill sites. The acidic liquids
found in landfill sites act on the CRT glass, the frit and screen coatings to cause leaching of lead and other heavy metals
which can contaminate ground water. The leaching effect is increased if the CRT is crushed into small pieces when it
enters landfill because of the greater surface area of the glass.2
There is, however, an apparent lack of applications for CRT glass. CRT glass normally contains significant amounts of
lead oxide (funnel glass) or barium/strontium oxides (panel glass). The Packaging Waste Regulations limit the amount of
lead allowed in container glass to 200 ppm — leaded glass from CRTs is therefore unsuitable for recycling into container
glass applications. It is also unsuitable for use in lead crystal. High levels of barium oxide may also limit the re-use of
glass in other applications.

2

Lead extractions from CRT glasses, D E Goforth, L R Morse, S T Gulati, Corning Research, 1994, pp 74-76
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Methodology and approach
2 Steps to achieve research objectives
The following steps were taken to achieve the research objectives.

2.1 Materials and components of a CRT
A literature survey, involving an internet search and drawing on the British Glass library resource, was carried out to
identify the materials and components in CRTs, together with the chemical composition of the glass.

2.2 Summary of legislation affecting CRTs
Information was obtained from the DTI, Defra and Environment Agency.

2.3 Arisings of waste CRT glass
Three sources of waste CRT glass were identified and quantified to estimate arisings. These were:
•
televisions
•
monitors (personal computers [PCs] and specialist applications, including monitors used in industrial control
equipment and cash machines)
•
production waste from glass manufacture and CRT assembly.

2.4 Existing outlets and recycling processes for CRT glass
A survey was carried out of over 100 WEEE processors in the UK and other European states to identify recycling
techniques currently used for CRTs and existing applications for CRT glass. Processors were identified from the ICER
data base and the survey was carried out between March and June 2003 by a mix of telephone and face-to-face
interviews.

2.5 Identification and evaluation of applications for CRT glass
To identify possible applications for CRT glass cullet, a literature search and brainstorming sessions were carried out.
These identified some 35 possible applications which were evaluated in terms of:
•
the quantity of CRT glass likely to be used
•
the environmental implications of using mixed and/or separated glass in this way
•
economic considerations.
On
•
•
•
•
•
•
•
•

the basis of these parameters, the following eight applications were selected for further investigation:
glass tiles/bricks
foam glass
waste encapsulation (nuclear and/or hazardous waste)
feedstock for new CRTs
fluxing material in metal smelting
radiation shielding clothing
concrete
tile and brick glaze.

Using the criteria listed above, five of these eight applications were prioritised for in-depth investigation. One reason
these were chosen was because of the potential to use significant quantities of CRT glass. They also appeared to be
economically and technically viable and close to market. The five applications were:
•
bricks and tiles (for panel glass, which is unleaded)
•
flux in brick and/or ceramic ware manufacture (for panel glass, which is unleaded)
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•
•
•

foam glass for insulation (for panel glass, which is unleaded)
manufacture of new CRTs (for both funnel and panel glass, mixed and separated)
fluxing material in metal smelting (for mixed glass and/or leaded funnel glass).

The
•
•
•
•
•

five prioritised end-use applications for CRT glass were analysed in terms of:
technical barriers
likely production cost
potential market size
quantity of CRT glass that could be consumed
environmental impacts of the manufacturing process.

2.6 Techniques for separating CRT panel glass from funnel glass
A literature search was carried out to identify and evaluate different techniques for separating the unleaded panel glass
from the leaded funnel glass and lead frit. The survey of recyclers carried out for the first stage of this project identified
several UK companies which had either already developed techniques for separating and cleaning the glass or were
researching such techniques. These companies were visited to explore issues surrounding separation and cleaning in
more detail. Discussions were also held with the glass manufacturers who buy the separated glass. Information was
sought on the nature of the process, technical issues to be overcome, costs (capital and labour) and environmental
impact in terms of energy use and waste emissions.

2.7 Best practice in collecting, storing and handling CRTs
Discussions were held with the only three companies identified by this project to be offering a recycling service for postconsumer waste CRTs to establish current practice in collecting. The collection requirements of the WEEE Directive and
the UK Government’s preferred approach were also taken into account in making recommendations for best practice.

2.8 Business development
Two seminars will be held to disseminate the findings of this research. The first will be for a general audience. The
second will take the form of a workshop which brings together WEEE processors able to supply waste CRT glass and
potential end-users. These will include representatives from the brick and ceramics industries, foam glass manufacturers,
CRT manufacturers and the smelting industry.
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Factors affecting CRT disposal and
recycling
3 Materials and components in a CRT
3.1 Types and composition of CRT glass
CRTs contain two types of glass — barium/strontium glass and leaded glass — that are welded together with a lead frit.
There are three different sections to a CRT:
•
the flat viewing section (screen or panel) which is made of glass containing barium oxide (up to 14%) and strontium
oxide (up to 12%)
•
the thinner conical section (the funnel or cone) which contains up to 25% lead oxide
•
the gun section (the neck) which has up to 40% lead oxide.
There is approximately twice as much barium oxide glass as lead oxide glass within a CRT. The amount of lead, present
as lead oxide, varies from 0.5Kg for a 12” CRT to nearly 3Kg for a 32” CRT. Table 1 shows the range of chemical
compositions for panel and funnel glass which vary according to manufacturer.

%
Oxide

Panel glass
Min

Max

Funnel glass

Variation

Min

Max

Variation

Container
glass

SiO2

58.9

65.4

6.6

51.2

63.5

12.3

72.0

Al2O3

1.2

3.7

2.5

1.1

5.0

3.9

2.0

Na2O

6.2

9.8

3.7

5.3

8.1

2.8

13.0

K2O

6.0

9.0

3.0

7.2

10.3

3.2

1.0

Li2O

0.0

0.5

0.5

-

-

-

F

0.0

0.8

0.8

-

-

-

BaO

1.9

14.2

12.3

0.0

3.0

3.0

-

SrO

0.0

11.6

11.6

0.2

0.7

0.5

-

CaO

0.0

4.6

4.6

1.6

4.5

2.9

MgO

0.0

2.0

2.0

0.9

3.0

2.1

-

As2O3

0.0

0.3

0.3

0.0

0.2

0.2

-

Sb2O3

0.2

0.7

0.5

0.0

0.4

0.3

-

TiO2

0.0

0.6

0.6

-

-

-

--

CeO2

0.0

0.6

0.6

-

-

-

-

PbO

0.0

3.3

3.3

11.6

24.6

13.0

-

ZrO2

0.0

3.5

3.5

0.2

0.2

0.0

-

ZnO

0.0

0.7

0.7

-

Fe2O3

0.0

0.1

0.0

-

-

-

-

10.0

-

Table 1. Range of chemical compositions for CRT glass, Schott 2003
All figures in weight-%

3.2 Other materials and components in a CRT
The inside of the screen of a CRT is coated with a mixture of phosphors which may also contain lead oxide, cadmium
and other heavy metals, especially in older equipment. Inside the screen there is usually some form of metal mask (the
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shadow mask). The funnel section has an outer coating of graphite and an inner coating of iron oxide. Around the
welded section between the flat and the conical sections of the CRT there is a steel anti-implosion band. The cylindrical
extension of the funnel, also called the neck, houses the gun which fires electrons at the screen. This consists of a series
of metal electrodes placed inside the glass cylinder with electrical connections extending through and sealed by the
glass. The whole assembly is subjected to a high vacuum. A copper deflector coil is placed around the gun and held in
place with adhesive.

3.3 CRT housings
The CRT itself is housed in a plastic casing but older models may have metal or even wood surrounds, as in the case of
old televisions. The plastics are likely to contain halogenated flame retardants and other fillers, including cadmium-based
stabilisers, and in some instances may be sprayed with a metallic coating on the inside, or have a metal screen affixed to
the inner surface as an aid to lowering electromagnetic emissions from the product. Also housed within the casing will
be some electronic circuitry.

3.4 Comparison of the properties of CRT glass cullet with other types of
glass
Table 2 compares the average glass composition and the associated properties of CRT glass with container glass3. In
addition to the oxides shown in this table, CRT glass can contain strong colouring oxides such as NiO, Cr2O3, CuO, and
CoO. Each manufacture uses different oxides. For some oxides, only a few ppm are needed to limit the light
transmission and produce a coloured glass. CRT glass is therefore often an undesirable colour because of the different
colouring oxides it contains, and will not be appropriate for applications where colour and light transmission are an
essential property.
CRT glass is not suitable for applications in contact with food and drink, as it is likely to contain toxic oxides. For the
same reason, it is also not suitable for the manufacture of lead crystal glassware.
Although it will not be possible to produce a colourless glass, it might be possible to produce dark decorative glass from
CRT glass for use in vases, etc.
Oxide

Face glass

SiO2

Mixed waste
CRT glass
60.92

Neck glass

63.87

Funnel
glass
58.00

BaO

10.80

7.99

3.47

4.05

Na2O

8.96

8.06

7.03

3.02

12.80

K2O

7.44

9.35

8.57

13.01

0.10

PbO

5.02

SrO

2.39

3.89

Al2O3

2.07

3.26

CaO

0.67

ZrO2

0.43

-

12.99
-

2.18
-

-

0.33

-

-

F

0.30

-

CeO2

0.16

Fe2O3

0.15

MgO

0.14

Sb2O3

0.16
0.20

Minor oxides

0.22

Density (g/cm3)

2.80

2.64

1.00

1.32
-

11.50
-

1.11
-

-

-

-

-

-

-

-

-

-

1.04

TiO2

-

2.04

3.64
-

-

21.34
-

4.12

-

B2 O 3

53.59

Container
glass
73.00

2.18

0.01
0.52

1.60

-

-

-

-

-

-

2.81

3.03

2.51

3

Glass Technology Services: work carried out for ICER report to DTI, New Approach to Cathode Ray Tube Recycling,
GW-12.10-130, 2003
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Refractive Index
Oxide

Dispersion
Thermal
expansion
Melting
temperature
Working
temperature
Annealing
temperature

1.49
Mixed
Waste
CRT glass
53.4

1.50
Face glass

1.53
Funnel
glass

1.55
Neck glass

1.52
Container
glass

58.6

51.5

47.1

58.2

89.9x10-7

88x10-7

97x10-7

99x10-7

82.5x10-7

1445°C

1490°C

1448°C

1429°C

1450°C

996°C

1041°C

1019°C

992°C

1034°C

502°C

531°C

515°C

482°C

567°C

Table 2. Comparison of properties of CRT glass with container glass.

4 Legislation on CRTs
The following legislation affects disposal and recycling of CRTs.

4.1 The WEEE Directive
The WEEE (Waste Electrical and Electronic Equipment) Directive, requiring recovery and recycling of a wide range of
electronic and electrical equipment, was published in the Official Journal on 13th February 2003 and at that point
became European law. Member states must implement the directive in national legislation within 18 months of the date
of publication in the Official Journal, i.e. by 13th August 2004.
4.1.1 How the directive relates to CRTs
CRTs are contained in two types of equipment covered by the scope of the directive — computer monitors (Category 3:
IT and Telecommunications Equipment) and televisions (Category 4: Consumer Equipment). They may also be contained
in Monitoring and Control Equipment (Category 9), depending on how this is defined. They are also listed in Annex 2 as
one of the components of WEEE which has to be removed and treated before recycling and recovery can take place.
4.1.2 What the directive requires
The WEEE Directive requires equipment which falls within its scope to be collected for recovery and recycling. It sets
weight-based recovery and recycling targets. This will require increased recycling of CRTs because they make a
significant contribution to the weight of a TV or PC monitor. For domestic equipment, member states are required to set
up collection systems so that householders can separate waste electrical and electronic equipment — including TVs and
monitors — for recycling. Governments must encourage householders to separate WEEE from general waste but cannot
compel them to do so.
For commercial equipment placed on the market before August 2005, producers will be required to provide for collection
and recycling on a like-for-like basis when selling new equipment. For equipment put on the market after August 2005,
either producers or end-users will be required to arrange and pay for collection and recycling.
All separately collected equipment — commercial or domestic — must go to an approved operator for treatment and
recycling. At the treatment stage, CRTs must be removed from equipment and the fluorescent coating removed before
they can be recycled.
For equipment containing CRTs, the recycling target is 65% and the recovery target 75%. This means that 65% of the
total material and/or components must be recycled and/or re-used. A further 10% of the material must be recovered by
processes such as incineration with energy recovery. These recycling targets must be met by December 2006.
The recovery and recycling targets apply to the whole piece of equipment containing a CRT, not the CRT itself. Since
CRTs account for between 50% and 85% of the total weight of monitors and televisions (depending on the equipment’s
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age), meeting the targets will require some element of the CRT to be recycled. Exactly how much will depend on how
much of the rest of the piece of equipment is recyclable.
For domestic equipment, the directive requires producers to meet the costs of collection (from central collection points
for domestic equipment, from end-users for commercial equipment), treatment, recycling and recovery, and
environmentally sound disposal of residues. Member states may, however, require commercial end-users to pay or share
costs.
4.1.3 Impact of the WEEE Directive on CRT recycling
This legislation is a driver for recycling because unless CRTs are recycled to some extent, producers of equipment
containing CRTs will not be able to meet the mandatory recycling targets imposed by the directive. Furthermore,
because the recycling targets are based on weight, the directive places the focus for CRT recycling on finding
applications for the glass — the largest proportion — rather than the metals or coatings.
The directive changes the economics of recycling. Current CRT recycling processes cost money which end-users have
been reluctant to pay when they could send waste CRTs to landfill more cheaply. The WEEE Directive changes this by
making producers of equipment containing CRTs responsible for recycling costs. Cost will still be important, however, as
producers will prefer the cheapest recycling option.

4.2 European Hazardous Waste Catalogue
Changes in the European Waste Catalogue came into effect in 2001. As a result, CRTs are now classified as hazardous
waste unless they arise from households. This will affect the way waste CRTs can be transported, stored and disposed
of. The UK Special Waste Regulations are currently being reviewed to reflect these changes and new regulations are
expected to be in place in 2005. However, although the changes to the Special Waste Regulations (which set the
framework for the way ‘special’ or ‘hazardous’ waste is handled) have not been finalised, the Landfill Directive (see 4.3)
relates directly to the European Waste Catalogue and requires CRTs to go to designated hazardous landfill sites.
4.2.1 Impact of the Hazardous Waste Catalogue on CRT recycling
The classification of CRTs as hazardous may affect the ability of producers, retailers and others to operate take-back
schemes for equipment containing CRTs if they are required to hold a waste management licence for hazardous waste.
At the moment, because CRTs are not special waste, it is easy for companies operating take-back to get an exemption
from the licensing requirement. When CRTs become special waste this may change.
However, although the need to apply for a waste management licence may be a deterrent to operating take-back
schemes for equipment containing CRTs, the effect of classifying CRTs as hazardous is likely, on balance, to give added
impetus to recycling. This is because it means that waste CRTs will be affected by any future European legislation
covering hazardous waste, e.g. the Landfill Directive.

4.3 The Landfill Directive
The landfill regulations for England and Wales came into force in June 2001 to implement the Landfill Directive. The first
effect of this is that from July 2002 equipment now classed as hazardous by the European Waste Catalogue must go to
specially designated hazardous waste landfill sites. This affects TVs and computer monitors from commercial operations
and may at some stage also affect arisings from private households. In the longer term, the Landfill Directive is likely to
lead to increased disposal costs for CRTs, particularly if after July 2004 there is a shortage of hazardous waste landfill
sites.
4.3.1 Impact of the Landfill Directive on CRT recycling
Until July 2004, sites registering as hazardous can continue to take non-hazardous waste. After that date they must
choose whether to take hazardous or non-hazardous. At this point there may begin to be a shortage of hazardous
landfill sites and consequent increase in the cost of disposing of hazardous waste. This may further increase the
pressure to recycle CRTs.

4.4 The Basel Convention — transfrontier shipment of waste
The Basel Convention bans the export of hazardous ‘red list’ waste to non-OECD countries. The classification of CRTs as
hazardous as a result of the revision of the European Hazardous Waste List in January 2001 means that the export of
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used CRTs (usually PC monitors) for recycling or re-use in non-OECD countries is likely to be reduced unless the CRTs in
question are deemed not to be waste.

Materials recovery from waste cathode ray tubes (CRTs)

9

Arisings of waste CRTs
5 Arisings of CRT glass from waste
televisions
No official figures are available for arisings of waste televisions in the UK. TVs are normally collected at civic amenity
sites where no data are collected.

5.1 Approach to estimating arisings of waste CRTs from televisions
There are three possible approaches to estimating arisings of waste TVs.
5.1.2 Possible approaches
The merits of the possible approaches are discussed below.
Using sales data and average life
This approach uses manufacturers’ data on the average life of TVs and sales data from the appropriate year to calculate
current disposals. For example, if the life of a television is seven years, disposals in 2002 would equal sales in 1995.
Although this approach is often used to estimate arisings of waste electronic and electrical equipment, it may not be the
most appropriate way to estimate arisings of equipment such as TVs. This is partly because there are different estimates
of average life and also because estimates of average life are not always borne out by disposal patterns. Estimates for
the average life of TVs range from eight-and-a-half to 14 years, but in practical collection trials it is common to find TVs
that are much older — 15 to 20 years4. This is either because working sets continue to be used somewhere in the
house, even if the householder has bought a newer model as the principal set, or because TVs tend to be stored for a
long period before being thrown away5.
Using sales data and a market saturation factor
A second option is to take sales data for the current period (i.e. 2002) and multiply by a market saturation factor to
assess how many of those sales were likely to result in the disposal of a similar item. The market saturation factor is
normally based on industry’s own research into market penetration of products.
The disadvantage of applying this approach to estimate disposals of TVs (as opposed to some other types of electrical
and electronic equipment such as irons) is that it is difficult to be accurate about how many TVs one household might
require. Anecdotal evidence suggests that the number of TVs per household has continued to grow and now 45% of
households have three or more TV sets6.
Using sales data and data on the national stock of TVs
A third method of estimating arisings is to take sales for the period, plus or minus the change in the national stock of
TVs over that same period. The national stock is defined as the number of TVs (including non-working sets) in UK
households and commercial establishments, e.g. hotels and offices. If there is no change in the national stock, waste
arisings must equal sales of new TVs. If the national stock increases, waste arisings would equal sales minus the
increase in national stock. If the national stock decreases, waste arisings would equal sales plus the decrease in the
national stock.
5.1.3 Methodology used to estimate current arisings of CRT glass from waste TVs
It was decided that the method using sales data and data on the national stock of TVs was likely to give the most
accurate figure for arisings for any particular period. This is because reliable data on both sales and market penetration
4

ICER Collection Trial, 1996
Survey of householders, Comet and Domestic & General, 1998
6
Intellect, trade association that includes TV manufacturers, 2003 (private communication with ICER)
5
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of TVs is available. A similar method was employed by the European Environment Agency to derive baseline arising
figures for waste TVs across the EU7.
Sales of TVs in 2002
Arisings of waste TVs for 2002 were estimated using sales data for 2002. Although there are some 70 different brands of
TVs currently sold in the UK by 30 manufacturers and importers (including retailers selling own-brand products), data on
total UK TV sales for 2002 were obtained from one company — Philips Electronics, the current market leader in terms of
numbers of TVs sold8.
Philips supplied:
•
data on the different sizes and types of TVs sold in the UK in 2002
•
an estimate of the average weight of glass in each size/type
•
an estimate of the number of units sold of each size/type (using its own sales data and grossing up by market
share).
There were 5,799,200 (5.8 million) TVs sold in the UK in 20029 containing some 90,798 (91,000) tonnes of CRT glass.
These figures apply to all televisions containing a CRT, regardless of whether they were for domestic use or use in
commercial settings such as hotels and offices.
Table 3 shows total TV sales in the UK in 2002, including imports. In providing these data, the first step that Philips took
was to identify the different screen sizes and aspect ratios of TVs sold in 2002. The second step was to take its own
sales figures for each different screen size and gross up according to market share as estimated by market research
analysts GfK. The third step was to multiply sales of each screen size by the average weight of glass in that particular
size. This gave total units sold and the total weight of glass.
Screen size/

Units

Glass(kg)

Weight

aspect ratio

('000)

per unit

(tonnes)

<14"

35.9

2.0

72

14"

2,175.6

5.0

10,878

15"

18.7

5.5

103

16"

0.1

7.5

1

17"

27.6

7.5

207

20"

281.4

11.5

3,236

21"

733.0

13.0

9,529

24" 16:9

240.1

16.5

3,962

25"

129.8

16.5

2,142

26"

0.1

19.5

2

28 & 29" 4:3

256.1

21.0

5,378

1,339.3

24.0

32,143

5.2

33.0

172

32" 16:9

495.4

39.0

19,321

36" 16:9

60.9

60.0

3,654

5,799.2

15.6

90,798

Thousand units

kg/unit

tonnes

28" 16:9
32" 4:3

Table 3: Total TVs sold in the UK, 2002 — by all manufacturers and importers (source Philips Electronics).
Change in national stock of TVs in 2002
Having established total UK TV sales for 2002, a connection was made between sales and disposals in the same period
in order to estimate waste arisings. This was done by taking into account changes in the national stock of TVs.

7

Waste from Electrical and Electronic Equipment (WEEE), EEA January 2003
GfK, 2003 (private communication with ICER)
9
Philips Electronics, 2003 (private communication with ICER)
8
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Information from manufacturers and market research companies10 indicated that there was no significant change in TV
ownership — either domestic or commercial — in 2002.
Number of TVs disposed of in 2002
Assuming that there was no major change in ownership of TVs during 2002, units disposed of must equal units sold, i.e.
5.8 million units.
However, not all TVs disposed of actually enter the waste stream. A small number are repaired for re-use in the UK.
Some of these are refurbished by community sector groups for re-use in low-income households. One of the two main
community sector groups, the Furniture Recycling Network, estimates that 12,000 TVs were refurbished for re-use
through its 145 members in 2001.11 Other TVs are taken from civic amenity sites, either for repair or as a source of
spare parts, but this is an unregulated activity and there are no data.
In addition to re-use in the UK, up to 10,000 units are exported per week for re-use abroad12. There are no official
figures for exports. This estimate from Reclaimed Appliances is based on the company’s own figures and knowledge of
the market.
Weight of CRT glass disposed of in 2002
Although it is possible to estimate the number of TVs disposed of in 2002 from sales data and information on the
national stock of TVs over that period, to estimate the weight of glass disposed of it is necessary to take into account
the weight of glass in TVs sold in 1990 (assuming an average life of 12 years for a TV set). Older models are smaller
than TVs sold in 2002 and contain less glass. For example, customers who are currently purchasing 32” and 36” wide
screens would, in 1990, have been purchasing 28” and 29” 4x3 sets13. Table 4 shows the weight of glass in the 5.8
million TV sets disposed of in 2002, assuming a 1990 glass profile for sets disposed of.
Screen size/

Units

Glass

Weight

('000)

(kg/unit)

(tonnes)

35.9

2.0

71.8

14"

2,175.6

5.0

10,878.0

15"

18.7

5.5

102.9

16"

0.1

7.5

0.8

281.4

11.5

3,236.1

21"

973.1

13.0

12,650.3

25"

1,469.1

16.5

24,240.2

26"

0.1

19.5

2.0

812.4

21.0

17,060.4

5.2

33.0

171.6

5,799.2
Thousand units

11.8
kg/unit

68,620.9
tonnes

aspect ratio
-14"

17"

27.6 7.5

20"

28 & 29" 4:3
32" 4:3

207.0

Table 4. Estimated weight of glass in TVs disposed of in 200214
Note. This includes the glass in waste TVs which were refurbished or exported for re-use
5.1.4 Current arisings of CRT glass from waste TVs
Using method 3 and assuming firstly that there was no significant change in UK ownership of TVs in 2002 and secondly
that the average life of a TV is 12 years (see 5.2.1), arisings of waste glass from TVs in 2002 can be estimated at 68,620
(69,000) tonnes. This is equal to the weight of glass in those TVs which would have been sold some 12 years earlier.

10

GfK, 2003 (private communication with ICER)

11

Furniture Recycling Network members’ survey of EEE re-used 2001
Reclaimed Appliances, 2003 (private communication with ICER)
13
Philips Electronics, 2003 (private communication with ICER)
14
Philips Electronics, 2003 (private communication with ICER)
12
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The amount of CRT glass from TVs which could potentially have been recycled in 2002 is therefore 69,000 tonnes. This
figure includes the glass in TVs which were refurbished for re-use in the UK or exported for re-use in other countries.

5.2 Forecasting arisings of waste TVs, 2003 to 2012
5.2.1 Methodology used to forecast arisings of CRT glass from waste TVs
The forecast for arisings of CRT glass from waste TVs over the next 10 years was based on the following premises.
•

•
•
•

Colour TVs are normally disposed of only when they cease to work. Functioning TVs are usually kept for use in
other rooms, except when the principal set (normally large) is replaced and there may not be sufficient room to
continue using the old one. This is based on anecdotal evidence from individual TV manufacturers, market
researchers GfK and trade association Intellect (which includes TV manufacturers).
The average life of a TV set is 12 years. Estimates of the life of a TV set range from eight-and-a-half years15 to 14
years16. Variations are thought to reflect the differences in quality of TV sets. Cheaper sets, which are usually
bought for second rooms in the house, may last for less time than higher quality sets used in the sitting room.
Sales of TVs have averaged five million per annum over the last 12 years and have ranged between four and six
million per annum17.
The sales profile of TVs has changed over the last 12 years so that the weight of glass in TVs sold in 2002 is some
30% greater than for the TVs sold in 1990.

5.2.2. Future arisings of CRT glass from waste TVs
For 2003 to 2012, CRT glass from waste TVs will arise mostly from TVs sold before 2002. Although the number of TVs
disposed of is predicted to be around five million units per annum, the weight of glass in those TVs will increase over
time to reflect the changes in the profile of TVs sold (i.e. the fact that newer TVs tend to have larger screens and
therefore more glass). Figure 1 shows how the weight of glass in waste TVs will increase over time from 69,000 tonnes
in 2002 to some 90,000 tonnes by 2012.

Waste CRT glass from televisions
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Figure 1. Forecast for arisings of CRT glass from waste TVs, 2003 to 2012
5.2.3 Trends for future sales of TVs containing CRTs
Despite the introduction of digital TVs and flat screen technology, sales of TVs containing CRTs are predicted to continue
for at least the next 10 years18. The fact that sales are continuing is partly because of the cost of alternative technology
and also because of the durability and the high picture quality of CRT TVs.
15

GfK, 2003 (private communication with ICER)
Philips Electronics, 2003 (private communication with ICER)
17
British Radio and Electrical Manufacturers Association Annual Report 2000
18
Schott and Philips Electronics, 2003 (private communication with ICER)
16
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A 30” flat screen TV using plasma technology is likely to cost around three times the price of a CRT TV with the same
sized screen. This means that few householders are yet buying flat screen TVs, even as their principal set. However, the
cost of flat screen TVs is likely to reduce within the next three to five years because of advances in lower-cost liquid
crystal display (LCD) technology. This will make it possible to produce LCDs in large screen sizes. Currently these have to
be made with plasma technology.
The replacement of plasma with LCD technology is likely to halve the cost differential between flat screen and CRT TVs.
However, although this may mean householders start buying flat screens for their principal TV, they are unlikely to
replace all their TVs with flat screen models. Market research has shown19 that it is mainly price that determines the
choice of secondary TVs. Householders are prepared to pay for the latest technology and most attractive looking TV only
for their principal set and not for secondary sets.
Therefore, although there is likely to be a significant move within the next three to five years to flat screen TVs as
principal sets, CRT-containing TVs will continue to be bought as second, third and fourth sets so long as they remain
cheaper than flat screen models. It is estimated that it will take some 10 years before the majority of screens sold are
flat rather than CRT-containing20.
Experience with the take-up of digital TVs has shown this has not been a major driver for replacement of sets. This is
because many people have chosen to purchase digital converters rather than a new digital set. Of the 11 million
households which access digital television, only 300,000 have an integrated digital TV set. The remainder have set-top
boxes21.
It can be seen from the above that technical advances in TV manufacture and programme transmission are unlikely,
therefore, to affect the rate of disposal of CRT-containing TVs.

6 Arisings of CRT glass from waste
monitors
This section covers PC monitors and monitors used in specialist applications, such as industrial control equipment and
cash machines.

6.1 Approach to estimating arisings of CRT glass from monitors
6.1.2 Methodology used to estimate current arisings of CRT glass from waste PC monitors
There are no official figures for arisings of waste PC monitors. Arisings for 2002 were estimated using historical sales
data and an assumption of average life. Sales data were obtained from Brian Norris Associates, the leading supplier of
information on the European market for visual display units. The average life of a PC monitor was assumed to be five
years. This was the consensus of market researchers, monitor manufacturers and recyclers.
Waste arisings of PC monitors in 2002, therefore, equal sales in 1997. Assuming that a monitor contains the same
weight of glass as a TV of the same size, it is estimated that 25,912 (26,000) tonnes of waste CRT glass arose from the
disposal of PC monitors in 2002. This figure equals the weight of glass in monitors sold in 1997 and is the amount of
CRT glass which could potentially have been recycled in 2002. It includes the glass contained in PC monitors which were
refurbished for re-use in the UK or exported for re-use in other countries. It has been assumed that the effect of re-use
of monitors in the UK will net out, i.e. the amount of 1997 monitors being diverted from the waste stream for re-use will
be offset by earlier monitors that have been re-used and are now entering the waste stream. The practice of exporting
monitors for re-use in other countries is likely to be stopped in future (see 4.4, transfrontier shipment of waste).

19
20
21

GfK, 2003 (private communication with ICER)
Philips Electronics, 2003 (private communication with ICER)
Intellect, trade association that includes TV and PC manufacturers, 2003 (private communication with ICER)
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6.2 Methodology used to forecast arisings of CRT glass from waste PC
monitors
Forecasted trends for arisings of waste CRT-containing monitors are based on sales projections made by market
researchers Brian Norris Associates22. Sales of monitors containing CRTs increased steadily in the 1990s to peak at 5.7
million units in 2000. In 2001 there was a major shift towards LCD monitors and sales of CRT-containing monitors fell by
nearly 20%. This is because the price differential between CRTs and LCDs has narrowed dramatically. Sales continued to
fall in 2002.
As shown in Figure 2, sales of CRT monitors are predicted to fall to 0.7 million units by 2007. By 2012, sales of CRTcontaining monitors are expected to be negligible.
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Figure 2. Forecast for CRT monitor disposals, 2003 to 2012
Projections for disposals, based on historical sales, therefore indicate that 3.9 million units (i.e. sales in 2002) will be
disposed of in 2007 and only 0.7 million units (i.e. sales in 2007) by 2012.

6.3 Arisings of waste CRT glass from monitors used in specialist
applications
Specialist applications include monitors used in industrial control equipment and cash machines. No data are available
for CRTs used in specialist applications. Arisings have, however, been estimated at 5,000 tonnes (approximately 5% of
total arisings), based on information from WEEE processors.

7 Arisings of waste CRT glass from
manufacturing and assembly
7.1 Arisings of waste CRT glass from manufacturing
To calculate the amount of waste from manufacturing, telephone and face-to-face interviews were carried out with glass
manufacturers.
There are two manufacturers of CRT panel glass in the UK — NEG in South Wales and LG.Philips in Simonstone,
Northern England, although the Simonstone plant is closing in mid 2004. Both manufacture panel glass for TVs. There is
no manufacture of funnel glass in the UK.
22

Brian Norris Associates, VDU vision, CRT market predictions, spring 2003
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The manufacturing process results in approximately 20% production waste but, because this is of known composition
and purity, it is recycled into the next batch.

7.2 Arisings of waste CRT glass from the assembly process
There are currently two CRT assembly operations in the UK — LG.Philips in Durham, and Sony in Bridgend. CRT
assembly plants import most of the glass components because neck and funnel glass is not manufactured in the UK and
those screens that are manufactured in the UK do not necessarily meet the required colour and size specifications for
sale in the UK.
Waste glass arisings from the assembly process include rejects (which can sometimes be refurbished for re-use but
usually become waste) and breakages. Approximately half is coated panel or funnel glass. Because there is no funnel
manufacture in the UK, waste funnel glass has to be exported to be used in the manufacture of new funnel glass. Some
waste panel glass is used by NEG in South Wales to manufacture new screens and some is exported to Schott in
Germany. Mixed cullet is also exported.
Waste arisings from CRT assembly in the UK are currently estimated at a maximum of 5,000 tonnes a year23 and
predicted to fall to 2,000 tonnes a year by 2012 as CRT assembly operators re-locate to countries with cheaper labour.

8 Total arisings of waste CRT glass in
the UK
8.1 Current arisings
Table 5 shows that total arisings are estimated at 104,532 (105,000) tonnes for 2002. This figure includes:
•
post-consumer waste from TVs, PC monitors and specialist applications such as control equipment, cash dispensing
machines
•
post-production waste from CRT assembly.
It does not include process waste from glass manufacture in the UK. This is because process waste is normally recycled
into the next batch in the same process.

Source of waste

Tonnes glass

TVs

68,620

Monitors — PCs

25,912

Monitors — specialist

5,000

Assembly waste

5,000

Total

104,532

Table 5. Total arisings of CRT glass 2002

8.2 Future arisings
Table 6 shows that arisings for 2012 are predicted to be 102,000 tonnes.
Source of waste

Tonnes glass

TVs

90,000

Monitors — PCs

5,000

23

Sony, 2003 (private communication with ICER)
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Monitors — specialist

5,000

Assembly waste

2,000

Total

102,000

Table 6. Predicted arisings of CRT glass 2012
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Plastics in casings surrounding CRTs
19 Potential for plastics recycling
In addition to estimating arisings of waste CRT glass, ICER examined the amounts and types of plastics used in monitors
and TVs to estimate the arisings of waste plastic associated with CRTs. It also surveyed current recycling practice and
potential markets for this material.

9.1 Method
Arisings of plastic from waste TVs and monitors were estimated using data from manufacturers and WEEE processors on
the average weight of plastic in a TV or monitor casing. This was combined with data on arisings of waste glass from
TVs and monitors (see section 5) to give total arisings.
A literature review was carried out through the internet to identify the types of plastics commonly used in TVs and
monitors. Two UK TV manufacturers24 were contacted for further information. Discussions were held with eight WEEE
processors currently dealing with waste CRTs on either a commercial or pilot basis to assess the potential for recycling
this material stream and find out what techniques are currently in use.

9.2 Amounts and types of plastic arising
9.2.1 Arisings
Based on data from four TV manufacturers25, the average amount of glass in a TV is 72% by weight and the average
amoung of plastic is 18%. According to Philips, these percentages have not varied significantly over the years for similar
sized sets. The same percentages can be used for monitors. These findings are borne out by WEEE processors26
although they point out that the latest large screen sets could have up to 85% by weight of glass.
The total weight of waste CRT glass from TVs and monitors disposed of in 2002 is estimated at 99,532 tonnes (see
Table 5). If the glass represented 72% of the total weight of the units, the total weight of TVs and monitors disposed of
was 138,239 tonnes. If plastics account for 18% of this total weight, the weight of plastics in casings disposed of in
2002 was 24,883 tonnes. This estimate does not include the plastic stand that often accompanies modern TVs.
9.2.2 Types of plastic
Monitors
For PC monitors, acrylonitrile-butadiene styrene (ABS) is usually the only polymer used. Pure ABS has the potential to be
recycled for use in high value applications. ABS monitor housings are sometimes painted, however, making them difficult
to recycle.
Televisions
Most older TV casings are made with high impact polystyrene (HIPS), though large modern TVs are increasingly made
from ABS or polycarbonate/ABS blends. The backs of most TVs are produced from fire resistant HIPS, which may contain
a brominated or other halogenated flame retardant. Flame retardants are not normally used in the front casings. The
presence of halogenated flame retardants can cause health and safety problems during some recycling processes
because toxic fumes are released if extrusion is carried out at high temperatures. The casings of very old TVs (at least
20 years old) can be made from wood or MDF.

9.3 Current practice in recycling casings of TVs and monitors
Commercial recycling of equipment containing CRTs is currently restricted to monitors. This is because recycling has a
cost and is not required by legislation (see section 11.2).
24
25
26

Sony and Philips, 2003 (private communication with ICER)
Philips, Sony, Panasonic and Thomson, 2003 (private communication with ICER)
The Mann Organisation, Sims, 2003 (private communication with ICER)
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Information from WEEE processors who handle CRTs indicates that little recycling of the plastics from monitor casings is
currently being carried out. The potential for recycling this plastic is likely to be realised only when higher volumes of
material are available for processing, the WEEE Directive targets have to be met and producer responsibility comes into
force.
To improve the economics of recycling this material, several WEEE processors are carrying out research into applications
for mixed plastic which may still contain small amounts of metal but can be made into products by intrusion moulding
without the need for further sorting or processing. Possible applications include:
•
flood sea defences
•
manufacture of soil erosion blocks, e.g. for motorway embankments
•
wood substitute products, e.g. scaffolding, planks and benches.
Research is also being carried out into methods of identifying and separating the different polymers which can then be
granulated and pelleted for use in higher value applications. In addition, work is being carried out to identify polymers
containing brominated flame retardants because these may limit the potential for recycling TV and monitor casings.
Sorting techniques currently being trialled are slow and further development is needed.
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Existing routes for waste CRT glass
10 Disposal patterns for waste CRTs
To establish how CRTs are disposed of in the UK, ICER contacted local authorities, waste management companies,
community sector groups and end-users.

10.1 Method
Local authorities were identified through ICER member LARAC (Local Authority Recycling Advisory Committee) and 20
were contacted in England, Wales, Northern Ireland and Scotland. ICER has also drawn on the findings of the E-Scope
report which looked at householders’ disposal patterns for waste electrical and electronic equipment27.

10.2 Domestic CRTs
TVs and computer monitors from households are disposed of either through civic amenity (CA) sites or — for TVs —
through repairers, rental companies and retailers.
TVs and PC monitors disposed of through civic amenity sites are either taken by the householder to a civic amenity site
or collected by the local authority’s bulky household collection service. They go to civic amenity sites because they are
generally too bulky to fit in a dustbin/wheelie bin with household waste which goes straight to landfill sites.
At the civic amenity site, some TVs are singled out for possible repair and re-use in the UK, or for export ‘as seen’ to
countries in Africa, the Middle East and Eastern Europe. The remainder are put in the general skip (often breaking in the
process) and go to landfill. Until recently some TVs were put into the scrap metal bin and sent to car shredders because
of their 20% steel content but this practice has now stopped because of the low price of scrap metal28.
TVs that are collected through repairers, rental companies and retailers are also assessed for export. It is estimated that
up to 500,000 TVs29 are exported per annum. This amounts to 9% of total waste arisings of TVs.

10.3 Commercial CRTs
PC
•
•
•

monitors and TVs from commercial organisations are normally collected either by:
waste management companies
IT refurbishers or dismantlers
charities or community groups.

PC monitors collected by waste management companies are either taken to landfill sites or to IT refurbishers and
dismantlers, who may also make their own collection arrangements.
The ICER survey of WEEE processors (see 11.1) estimates that in 2002 80% of PC monitors from commercial enterprises
passed through refurbishers, dismantlers or brokers of IT equipment. Of these an estimated:
•
15% were refurbished and sold directly to end-markets in the EU
•
10% entered a recycling process in the EU
•
30% were sold on as re-usable to a UK agent who was not the end-user (anecdotal evidence suggests that most of
this equipment was exported to countries outside the EU)
•
the remainder were sent to landfill
Some computer monitors are collected by charities or community sector groups for refurbishing. These are either
donated or sold at an affordable price to low-income households in the UK30. It is estimated that 100,000 monitors are

27

Prospects for household appliances, Tim Cooper and Kieran Mayers, E-Scope 2000, ISBN: 086339 913 4
EMR, 2003 (private communication with ICER)
29
Reclaimed Appliances, 2003 (private communication with ICER)
30
RecyleIT, 2003 (private communication with ICER)
28
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handled by community sector groups across the 10 UK regions31. This estimate is extrapolated from experience in the
Yorkshire and Humberside region. Only 50% of monitors handled by community sector groups are found fit for re-use.

11 Current recycling techniques
To identify recycling techniques and end markets for waste CRT glass in the UK and elsewhere in Europe, ICER has
carried out a survey of WEEE processors.

11.1 Method
The sample population for the survey of the UK was drawn from ICER’s database of WEEE processors. There is no
official list of WEEE processors operating in the UK: ICER’s database, built up over 10 years, is the most comprehensive
list available. However, to ensure that no major players were omitted, independent industry experts were also consulted.
Over 100 companies in the UK were contacted and responses were received from 73 WEEE processors, including
refurbishers of equipment as well as those who dismantle equipment to recover materials and components. ICER
interviewed either the owner/managing director (in smaller companies) or the plant manager (larger companies). To
maintain consistency, the interviews were carried out by the same researcher. The questions asked are shown in
Appendix 1.
ICER also contacted six WEEE processors in other European member states.

11.2 Approaches to recycling in the UK
CRT recycling in the UK has to date been restricted to PC monitors. This is because recycling has a cost and although
some commercial end-users are prepared to pay to recycle PC monitors, local authorities — which deal with waste TVs
— are unable to pay.
There are four approaches to recycling CRTs in the UK. The first is to use mixed glass in the ceramics and building
products industry or in new CRTs (funnel glass). For both these applications glass must be processed to remove
contaminants and finely ground. Glass for use in the ceramics industry must be ground to a sand-like consistency32.
The second approach is to separate the leaded glass from the unleaded glass and use both fractions in the manufacture
of new CRTs. This is a well-established route for post-production waste, i.e. rejects from the assembly process, but is
only just becoming commercially available for post-consumer CRT glass. Several companies have developed or are
researching techniques for separation of post-consumer CRT glass. These include Electrical Recycling, KoTech, the Mann
Organisation and Sims Recycling Solutions. Separated glass is cleaned and shipped to glass manufacturers for further
processing.
The third approach is to send whole CRTs for use as flux in smelting. Little pre-processing is required for this route.
A fourth approach in the UK involves specialist smelting of CRTs in the presence of a catalyst to remove the lead from
the glass, leaving an alkali silicate which can be used in the manufacture of new glass. This process has been developed
by Nu-Life. It is not yet in commercial operation and there are no published data on the process or its results.

11.3 Approaches to recycling in Europe
Several European member states already have in place national legislation requiring recycling of equipment containing
CRTs. Scandinavia, Benelux and Austria operate schemes for collecting CRTs. The glass is then either processed for use
in the manufacture of new CRTs or sent for use as flux in lead smelting. Small amounts of CRT glass are used in the
ceramics industry as flux or glazing. There are also collection systems in Germany but these are not nationwide and
most CRTs are still landfilled. Glass from CRTs collected in Germany is largely used in the manufacture of new CRTs. In
other European countries, including France, Spain, Portugal and Italy, little CRT recycling is currently taking place.
Outside the EU, Switzerland has had collection and recycling facilities in place for some years. The resulting material is
used partly in the manufacture of new CRTs and partly in the ceramics industry.

31
32

Save Waste and Prosper, 2003 (private communication with ICER)
Bruce Electronics, 2003 (private communication with ICER)
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Applications considered in detail
12 Use of CRT panel glass in bricks and
tiles
This is one of the five end-use applications for waste CRT glass investigated in detail in this research. It is suitable only
for unleaded CRT panel glass.

12.1 Description of products
Bricks and cladding tiles can be manufactured by pressing together glass particles to produce a ‘green’ body product that
is then fired to increase density and strength. Three manufacturing techniques were investigated. These were developed
by:
•
Staffordshire University, UK
•
Innolasi Oy, Finland
•
Green Bottle Unit, UK

12.2 Staffordshire University, UK
Staffordshire University has developed and is currently patenting a process that produces bricks and tiles from waste
glass. The process requires ground glass of a particle size of between 0.5 and 1 mm that is then pressed in a mould with
a binder. The green product is then strong enough to be handled before firing, which sinters together the glass particles
to form a dense strong product. The technology will be marketed by Stoneglass Building Products, a spin-off company of
Staffordshire University.
The original research was based on container glass. However, as part of this project Staffordshire University was
commissioned to produce a number of products using CRT panel glass for testing and evaluation.

Figure 3. Composition of Staffordshire University bricks.
DBS, York, provided the panel glass and GTS provided the container glass for Staffordshire University to produce test
bricks. The composition of the waste glasses used is shown in Table 7.
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Oxide
SiO2

Panel glass
Wt%
54.15

SrO

12.91

BaO

9.28

K2O

8.81

0.65

Na2O

6.80

12.98

ZrO2

3.08

Al2O3

1.97

1.85

CaO

0.96

10.77

TiO2

0.541

0.07

CeO2

0.372

ZnO

0.298

Sb2O3

0.262

MgO

0.152

1.36

Fe2O3

0.141

0.38

Cl

0.056

Bi2O3

0.051

SO3

0.048

HfO2

0.043

PbO

0.040

NiO

0.022

CuO

0.014

Cr2O3

Container cullet
Wt%
71.71

0.15

0.08

Table 7. Chemical composition of panel and container glass used in the brick production trial.
Staffordshire University received the CRT panel glass as whole panels and the container glass as broken pieces with a
particle size of between 5 and 20 mm. The glass was ground to an average particle size of 1 mm. The different types of
ground glass were then mixed together in the proportions necessary to produce the mixtures listed in Table 8. The
mixtures were then pressed to form small bricks (briquettes), approximately 110 x 55 x 35mm, and fired. Four bricks
were produced for each series.
It was noted that all four series appeared to have similar forming characteristics and there appeared to be no production
issues with any of them. The physical properties and chemical durability of the bricks were then tested.
Series Number
B1
B2

Panel
wt%
100
66.7

Container glass
wt%
0
33.3
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B3

33.3

66.7

B4

0

100

Table 8. The composition of the series of bricks produced for chemical and mechanical testing.
12.2.1 Physical testing
Four tests were carried out, namely water absorption, compressive strength, rupture of modulus and frost resistance.
Below is a brief description of the testing methodology. The results of the first three tests are shown in Table 9.
Water absorption
The testing procedure for water absorption was based on BS 3921 appendix E. BS 3921 specifies that at least 10 bricks
of the standard brick size should be tested, but for these tests there were less than 10 bricks and the bricks used were
not of a standard brick size (225 x 112 x 75 mm). The methodology of BS 3921 was followed in the steps shown below.
•
•
•
•
•
•

The mass of each of the fired samples was measured and recorded.
The samples were placed in cold water, which was then heated to boiling point over a one-hour period.
The samples were boiled continuously for five hours.
The samples were allowed to cool down (in the boiled water) over night.
Each sample was removed from the water, the surface water was removed with a damp cloth and the mass
immediately measured (to an accuracy of within 1% of the sample mass) and recorded.
The water absorption was then calculated.

Compressive strength
The procedure for compressive strength testing was based on BS 3921 appendix D. However, as with appendix E, there
were insufficient samples and they were not of a standard brick size (225 x 112 x 75 mm). The methodology of BS 3921
was followed in the steps shown below.
•
•
•
•

The length and breadth of the load face of each of the fired brick samples (previously used in the water absorption
test) were measured.
Each brick sample was located within the compression test rig.
The sample was loaded slowly at a uniform rate until failure was indicated.
The compressive strength was then calculated.

Modulus of rupture
To test modulus of rupture, each fired sample (previously used in the water absorption test) was located within the
modulus of rupture machine. The sample was loaded centrally at a slow uniform rate and loading was continued until
failure occurred. The width and depth of the tile sample were measured, in close vicinity to the point of failure, and the
modulus of rupture was then calculated.
Frost resistance
The test procedure for frost resistance generally accepted by the brick industry is the panel freezing test devised by
CERAM, in which a panel made from 30 bricks (225 x 112 x 75 mm) is exposed to a 100 freeze thaw cycle. However,
there were insufficient brick samples and they were not of a standard brick size. Therefore, Staffordshire University
devised a freeze resistance test to replicate the standard test and give an indication of the performance of the sample
brick under freeze thaw conditions. The procedure used was as follows.
•
•
•
•
•
•
•
•

The brick samples were initially fully saturated with water by boiling and then cooling in water.
The samples were placed semi-submerged in water in a retaining tray.
The tray was placed in the freezer (~ minus 15ºC) and left overnight.
The next day the tray was removed from the freezer and allowed to thaw.
At midday, the samples were removed from the tray and placed in a bowl of water.
The tray was examined for the presence of any material lost from the samples.
The samples were then replaced semi-submerged in water in the retaining tray and placed back into the freezer
overnight.
Steps four to seven were repeated every 24 hours.

The frost resistance test was conducted on brick sample B4 which survived over 100 freeze/thaw cycles with no
noticeable signs of failure.
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12.2.2 Results of physical testing
Property
Water absorption
(mean)

Modulus of
rupture
(mean)
Compressive
strength (mean)

Unit

Series number
B1

B2

B3

B4

%

9.9

10.9

10.7

8.8

MPa

9.5

8.7

10.0

14.2

N/mm2

42.4

38.5

51.4

65.4

Table 9. Physical property measurements for the series of brick samples.
Tables 10 to 13 show the relevant British Standards for comparable products.
Class

Compressive strength
(N/mm2)
≥ 70
≥ 50

Water absorption (% by
mass)
≤ 4.5
≤ 7.0

Damp-proof course 1
Damp-proof course 2

≥5
≥5

≤ 4.5
≤ 7.0

All others

≥5

No limits

Engineering A
Engineering B

NOTE 1 There is no direct relationship between compressive strength and water absorption, as given in
this table, and durability.
NOTE 2 Damp-proof course 1 bricks are recommended for use in buildings whilst damp-proof course 2
bricks are recommended for use in external works.
Table 10. Abstract from BS 3921:1985 Clay bricks, classification of bricks by compressive strength and
water absorption.
Designation

Class

Compressive
strength
(N/mm2)

Load bearing brick

7

48.5

Predicted lower limit
of crushing strength
not less than
(N/mm2)
40.5

Facing brick

6
5
4
3

41.5
34.5
27.5
20.5

34.5
28.0
21.5
15.5

Table 11. Abstract from BS 187:1978 Calcium silicate bricks, compressive strength classes and
requirements.
Type of paver

Minimum mean
transverse breaking load (kN)

Minimum individual transverse
breaking load (kN)

PA

3.0

2.0

PB

7.0

4.0

Table 12. Abstract of BS 6677-1:1986 Clay and calcium silicate pavers, transverse breaking loads.
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Paver dimensions(mm)

Min. mean transverse MoR
(MPa)

width
100
100
102.5
102.5
105
105

Type PA
3.2
1.9
3.1
1.8
3.0
1.8

X

thickness
50
65
50
65
50
65

Type PB
7.4
4.4
7.2
4.3
7.0
4.2

Min. individual transverse MoR
(MPa)
Type PA
2.1
1.2
2.1
1.2
2.0
1.2

Type PB
4.2
2.5
4.1
2.4
4.0
2.4

Table 13. Abstract of BS 6677-1:1986 Clay and calcium silicate pavers, calculated equivalent transverse
modulus of rupture; span = 175 mm.
Class

Compressive strength
(N/mm2)
23 – 35

Water absorption (% by
mass)
20 – 24

Cambridgeshire mixture
(handmade brick)

12 - 18

29 – 32

Anfield red multi (extruded
brick)

45 – 55

8 – 11

Autumn leaf (pressed brick)

Table 14. Average properties of ‘non-engineering’ Hanson clay bricks.
12.2.3 Conclusions on physical testing
Comparing the results of physical testing with the British Standards shown above, the following conclusions can be
drawn:
•
none of the brick samples satisfied the engineering brick requirement of BS 3921 (Table 10)
•
all the brick samples satisfied calcium silicate brick strength specification class 3 to 6 of BS 187 (Table 11), and
samples B3 and B4 satisfied all classes; there was no water absorption requirement for this specification
•
all the brick samples satisfied the maximum PA and PB paver strength specification of BS 6677 (Tables 12 and 13);
there was no water absorption requirement for this specification
•
all the brick samples satisfied the ‘non-engineering’ clay brick specification (Table 14), except for the extruded class;
only B3 and B4 satisfied the requirement; there was no water absorption requirement for this specification.
The freeze thaw test was undertaken on sample B4 and the sample survived over 100 cycles without any visible
damage.
All of the physical tests were conducted on samples that were below the brick size (225 x 112 x 75 mm) required for the
relevant British Standard.
The results of the tests indicate that the samples were suitable for non-engineering decorative applications such as
cladding tiles, facia bricks and floor tiles.
It is likely that the properties of the bricks used in this trial had not been optimised and therefore probable that the
bricks can be further densified, yielding products of lower absorption and greater strength. This could be achieved by
manipulation of particle size distribution, forming pressure and firing schedule.
12.2.4 Chemical durability testing
The chemical durability (i.e. leaching potential) of the brick samples needs to be assessed, both for in-use applications
and in landfill sites where bricks tend to get broken into many small pieces which are then exposed to groundwater.
Currently there are no British or European standards for testing the chemical durability of waste bricks in landfill site
conditions, although there are numerous tests for food and drink containers. These tests, however, require the product
to be very finely ground and this is not a true representation of what happens to bricks at end of life.
Initially, the leaching tests to assess chemical durability for in-use applications were to be conducted on complete
samples to test that the product was fit for purpose. However, after examining the bulk composition of the bricks, it was
calculated that the level of dissolution of potentially toxic compounds was likely to be below the detection limit of the
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analytical equipment. Therefore it was decided to follow a USA test method CONEG 3050b, ‘Acid Digestion of Sediments,
Sludges and Soils’.
Following this method, the samples were crushed and passed through a 2 mm sieve to obtain the correct particle size.
One gram of the sample was then weighed to four decimal places into a conical flask. To this was added 10 ml of 1:1
nitric acid and the solution was mixed and heated gently, without boiling, for 15 minutes. The sample was cooled and 5
ml of concentrated nitric acid was added. The conical flask was returned to the hot plate and heated to approximately
95°C for two and half hours. The solution was cooled and 2 ml of ultra pure deionised water and 3 ml of 30% hydrogen
peroxide were added. This solution was warmed until the effervescence had subsided. One millilitre aliquots of 30%
hydrogen peroxide solution were added until a total of 9 ml had been added to the solution. The conical flask was
returned to the hot plate and heated without boiling for two hours.
The conical flask was then cooled and 10 ml of concentrated hydrochloric acid was added. The solution was returned to
the hot plate and heated without boiling for 15 minutes. The solution was cooled and filtered through a filter paper. The
filtrate was collected in a 100 ml volumetric flask and made up to volume with ultra pure deionised water. The solution
was then analysed using inductively coupled plasma (ICP).
Analyte

B1
(ppm)

B2
(ppm)

B3
(ppm)

B4
(ppm)

Blank
(ppm)

Ti

<0.01

0.01

<0.01

<0.01

<0.01

Cr

<0.03

<0.03

<0.03

<0.03

<0.03

Fe

2.12

1.70

2.09

2.14

0.07

Ni

<0.02

<0.02

<0.02

<0.02

<0.02

Cu

<0.03

<0.03

<0.03

<0.03

<0.03

Zn

0.20

0.07

0.07

0.04

<0.03

Sr

3.41

1.63

0.39

0.14

<0.01

Zr

0.02

0.04

<0.01

<0.01

0.02

Cd

<0.01

<0.01

<0.01

<0.01

<0.01

Sb

<0.10

<0.10

<0.10

<0.10

<0.10

Ba

3.29

1.57

0.47

1.09

0.09

Hf

<0.10

<0.10

<0.10

<0.10

<0.10

Hg

<0.10

<0.10

<0.10

<0.10

<0.10

Pb

<0.10

<0.10

<0.10

<0.10

<0.10

Bi

<0.10

<0.10

<0.10

<0.10

<0.10

Ce

<0.10

<0.10

<0.10

<0.10

<0.10

Table 15. Analysis of the leachate from the brick testing, all results in ppm.
Note: Yellow cells denote concentrations above the water drinking limit and blue cells denote where maximum permitted
concentrations are not specified.
12.2.5 Summary of results
To put the results shown in Table 15 into context, they have been compared with current UK limits for leaching from
food contact glassware and drinking water as detailed in Tables 16 and 17. These limits are, however, extreme and
therefore probably not suitable for the brick application.
From Table 15 it can be seen that only barium and iron were above the drinking water limit which permits a maximum
of 1 ppm barium and 0.2 ppm iron. Strontium is not specified in drinking water limits. From a toxicity point of view, the
only elements that may warrant further investigation are strontium and barium. The levels for the heavy metals lead and
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cadmium were below the levels set for food containers. The levels of lead, cadmium, mercury and chromium were below
the permitted levels for drinking water.
Cookware, packaging and
storage containers >3L

Hollow ware

Pb

1.5 ppm

4 ppm

Cd

0.1 ppm

0.3 ppm

Table 16. Current UK limits for lead and cadmium leaching in tableware (BS 6748).
ppm
Al

0.2

As

0.01

Br

1

Ba

1

Ca

250

Cd

0.005

Cr

0.05

Cu

2

Fe

0.2

Mg

0.05

Na

200

Ni

0.02

Pb

0.025

Sb

0.005

Se

0.01

Zn

5

Table 17. The current limits of elemental concentration in drinking water in the UK as ppm.
12.2.6 Summary of results from physical and chemical durability tests
The results of the tests on the physical properties of the brick samples indicate that the bricks will be suitable for most
non-engineering applications such as decorative bricks and façade tiles.
The leaching tests for chemical durability indicate that the likely levels of toxic leachates from the brick under
experimental conditions were below the levels set for drinking water. The levels of barium and strontium were
considered low enough to be of no concern, either during use or at end of life.
12.2.7 Technical barriers relating to the manufacturing process
To date, Staffordshire University has only undertaken laboratory scale production of the bricks and tiles. Therefore any
possible technical production barriers have not been encountered. The next stage in the development of these products
is an industrial scale production trial to manufacture bricks and tiles of a size appropriate for use.
In the short term, one technical barrier could be supply of CRT glass in sufficient quantity and of the right quality. It has,
however, been demonstrated that CRT glass can be mixed with container glass to overcome possible supply problems.
12.2.8 Likely production cost
Staffordshire University has provided some information on costs (confidential and excluded from this report) but has not
undertaken a rigorous costing exercise. At a later stage, a complete business appraisal needs to be undertaken to
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estimate production costs and the investment necessary to set up a manufacturing facility for these bricks and tiles in
the UK.

12.2.9 Size and value of current and potential markets for these products in the UK
It is difficult to estimate future demand since the product has not yet been marketed. It is likely, however, that the
product could gain acceptance as a green product for use by both public and private sector organisations with a green
procurement policy. Experience of similar products manufactured in Europe suggests that growth in demand will be
conservative. It is reasonable to assume that the market for these products will grow at a maximum of 20% over the
next 10 years.
12.2.10 Amount of CRT glass that could potentially be used in these products
Based on a cost model undertaken on behalf of Staffordshire University (confidential and excluded from this report) for a
production facility for 10 million units per annum, the annual demand for glass would be approximately 32,200 tonnes.
This would make 10 million bricks and would account for approximately 0.33% of total UK brick production. Currently
some 3 billion bricks are manufactured each year in the UK.
12.2.11 Environmental impact of manufacturing process
The environmental impact of the Staffordshire University brick manufacturing process was compared with that of typical
clay brick manufacture in terms of CO2 emissions. The comparison took into account processing of raw materials and
manufacture of bricks. It can be seen from the example in Table 18 that the Staffordshire University brick manufacturing
process is likely to have a lower environmental impact than traditional brick manufacture. For each 32,500 tonnes
manufactured, CO2 emissions could potentially be reduced by 2,200 tonnes of per annum
Process

Brick
kg CO2/tonne

SU brick
kg CO2/tonne

Extraction of clay

2

0

Assumptions

Transport to recycling facility

12

Assume 50 miles return empty

CRT dismantling

2.49

Assume 15 kWh/tonne of CRT glass (40
CRT units)

Glass processing

10

Transport to brick works

0.35

Brick production firing

142.8533

49.83

142.85

74.67

Net CO2 saving per tonne of brick

Assume 15 miles return empty. No
transport for clay, on site extraction
Lower firing temperature

68

Table 18. Comparison of CO2 emission from standard brick and SU brick manufacture.
12.2.12 Specification for processed glass
This specification relates to glass powder to be used in the manufacture of bricks, tiles and pavers using the
manufacturing process developed by Staffordshire University.
Glass separation specification
This requires unleaded CRT glass with <1% of dry weight of other CRT glass components.
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Contamination limits
Total contamination by organic substances, inorganic substances, ferrous metals or non-ferrous metals must be <1 % of
dry weight.
Particle size
The required particle size is between 2 and 0.5mm. Particles <0.5mm will be rejected for the process. When tested in
accordance with BS EN 725-5, the particle size must be in accordance with Table 19.
Size (mm)

Wt% passing

2

100

0.5

10

Table 19. Particle size distribution.
12.2.13 Customers for end-use applications
The products of this process could be bricks, pavers or cladding tiles which would fulfil the green procurement
requirements of local authorities, architects and others. The users of these products would be the construction industry,
including highway and building construction.

12.3 Innolasi Oy, Finland
A Finnish company, Innolasi Oy, developed a cladding tile that could incorporate, or be made entirely from, CRT glass.
CRT glass could also be used to glaze the finished tile. However, this company has ceased trading due to lack of sales
and production problems.
The company manufactured tiles from waste glass. Its process compacted crushed glass of between 2 and 10 mm
particle size, using a vibration forming technique. The tiles were then fired. The tiles produced were typically 300 x 400
mm, with a thickness of between 25 and 30 mm. The estimated size of the Scandinavian market in 2003 for this product
was 30,000 m2/annum, which equates to 1200 tonnes/annum of waste glass. Although it was possible to use solely CRT
glass for both tile and glaze, in its commercial trials Innolasi had only used it as a glaze. This would have used 48
tonnes/annum of CRT glass, assuming all the tiles were glazed, which was not the case.
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Figure 4. Selection of Innolasi tiles.
12.3.1 Technical barriers relating to the manufacturing process
Because the plant has closed, no detailed information on the manufacturing process was available. However, it is
understood that there were production problems resulting in shrinkage and cracking of the glaze. This reduced the
output of the plant.
12.3.2 Size and value of current and potential markets for this application in the UK
No market research has been conducted to estimate potential demand in the UK.
12.3.3 Amount of CRT glass that could potentially be used in this process
If the tiles were made solely from CRT glass, two production lines, each with a capacity of 50,000 m2/annum, would use
4,000 tonnes/annum of CRT glass or 2,000 tonnes/annum if half mixed with container glass. If CRT glass was used
solely for glazing, only 80 tonnes/annum. The capital investment to produce a 100,000 m2/annum capacity is in the
order of £2 million.
12.3.4 Environmental impact of the manufacturing process
These cladding tiles will be competing against natural stone products such as granite and marble obtained from different
sources around the world. It is therefore difficult to compare the environmental impact in terms of CO2 emissions. The
process is, however, energy-intensive because of its long curing and firing time (over 20 hours) and emits 450 kg
CO2/tonne (1800 tonnes CO2/annum) of product.
12.3.5 Specification for processed glass
This specification relates to glass powder used in the manufacture of cladding tiles using the manufacturing technique
developed by Innolasi Oy.
Glass separation specification
This requires unleaded CRT glass with <1% of dry weight of other CRT glass components.
Contamination limits
Total contamination by organic substances, inorganic substances, ferrous metals or non-ferrous metals must be <1 % of
dry weight.
Particle size
The required particle size must be between 10 and 0.5mm. Particles <0.5mm will be rejected and not used in the
process. When tested in accordance with BS EN 725-5, the particle size must be in accordance with Table 20.
Size (mm)

Wt% passing

10

100

0.5

10

<0.5

0 (rejected)

Table 20. Particle size distribution.
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Customers for end-use applications
The end-product would be cladding tiles used by the building construction industry. The tiles would fulfil the green
procurement requirements of local authorities, architects and others.

12.4 Freeform
The Green Bottle Unit is part of Free Form Art Trust, based in Hackney, London. It has developed a manufacturing
process for the production of tiles made from recycled glass. It manufactures glass tiles and blocks by slumping together
waste glass to form a solid product. The process is relatively labour-intensive and this is reflected in the cost of the
product. Waste glass, which has been processed to the desired particle size, is placed in an expendable plaster or
reusable ceramic mould. This is then heated to the glass slumping temperature and cooled back down to room
temperature. The heating cycle can take a week.
12.4.1 Technical barriers relating to the manufacturing process
Although some testing of products has been carried out, further testing is needed to obtain manufacturing consistency
and fit for purpose specifications. The manufacturing process has been developed over a number of years but there is
opportunity to improve production efficiency to maximise output and product quality.
12.4.2 Size and value of current and potential markets for this application in the UK
Current demand for these tiles in 2004 is estimated at 64 tonnes per annum but it is thought that this could be
increased to 180 tonnes per annum in 2006.
12.4.3 Amount of CRT glass that could potentially be used in this process
Because this process uses all types of waste glass, not solely CRT glass, the resulting demand for waste CRT glass for
these tiles will be very small. The Green Bottle Unit is, however, prepared to consider increasing the proportion of CRT
glass used, if sufficient supply is available. This could mean as much as 20 tonnes per annum of CRT glass used in
Green Bottle products by 2005.
There have been requests from customers for some 66 tonnes of tiles made with CRT glass. However to produce this
quantity, The Green Bottle Unit would require partnership with larger-scale glass producers and would need assistance
with supply of waste glass.
12.4.4 Environmental impact of the manufacturing process
The current process is relatively energy-intensive because the glass tiles undergo a heating cycle which can last as long
as a week and which uses electricity. If production efficiency could be improved, this in turn could reduce energy
consumption.
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Figure 5. Selection of glass tiles produced by The Green Bottle Unit
12.4.5 Specification for processed glass
This specification relates to glass feedstock used in the production of tiles and blocks using the manufacturing technique
developed by The Green Bottle Unit.
Glass separation specification
This requires unleaded CRT glass with <1% of dry weight of other CRT glass components. Other types of glass, such as
plate and container glass, can also be included, depending on the desired appearance of the product.
Contamination limits
Total contamination by organic substances, inorganic substances, ferrous metals or non-ferrous metals must be <1 % of
dry weight.
Particle size
There is no requirement for a specific particle size. This will vary according to product type and the desired appearance.
Customers for end-use applications
The blocks and bricks produced by The Green Bottle Unit are decorative products and will tend to be a design feature in
buildings or highways. Therefore the use of these products will be specified by architects and designers and will fulfil
green procurement requirements.

12.5 Conclusions on the use of CRT glass in bricks, tiles and pavers
12.5.1 Staffordshire University, UK
The Staffordshire University brick product shows there is considerable potential for using large volumes of CRT glass in
bricks and cladding tiles. Even if the whole of the UK’s annual arising of CRT panel glass were to be used in bricks, it
would make only 20 million standard-sized units and account for less than 1% of the UK’s annual brick production. The
challenge, however, is to develop a niche market for this type of brick product. There is not enough waste CRT glass to
make bricks to compete with standard bricks. Substantial further work is required to research the potential market,
understand the competition and undertake a complete business appraisal.
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12.5.2 Innolasi Oy, Finland
The Innolasi tile was found to be expensive to produce compared with imported natural stone, and production problems
were encountered when the product was manufactured commercially. There is unlikely to be demand for this product in
the UK.
12.5.3 The Green Bottle Unit, UK
The Green Bottle Unit produces a high quality product for a niche market. Demand for CRT glass is currently less than
20 tonnes and unlikely to exceed 100 tonnes.
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13 Flux in brick and/or ceramic ware
manufacture
Glass can be used in brick and ceramic ware manufacture as either a flux or a glaze. This use of waste CRT glass was
the second of the five end-use applications prioritised for in-depth investigation in this project.

13.1 Flux in bricks
13.1.1 Research by CERAM
This application is based on research undertaken by CERAM, with funding from WRAP. It investigated the use of waste
container glass as a fluxing agent to reduce brick firing temperature. As part of this research, CERAM has also
investigated the suitability of CRT glass as a brick flux.
13.1.2 Test briquettes
CERAM’s in-house method used test pieces known as ‘briquettes’. These were pressed, miniature bricks, measuring 75 x
35 x 25mm, and made to a constant consistency rather than a specific moisture content. The method used to determine
the consistency was the dropping ball value. The target dropping ball value was between 100 and 120. Once this was
achieved, the moisture content was recorded. Therefore, samples of different compositions may have had different
moisture contents.
The briquettes were pressed, using an automated hydraulic press, to a pressure of 1000 psi (0.07t/m2). They were then
air dried for 24 hours before being forced dried in a laboratory drier (110°C) for a further 48 hours. Measurements of
drying shrinkages were taken following the forced-drying stage. Six briquettes of each mix were retained for underload
firing curve determination.
All three sets of briquettes were then fired to 1080°C at a rate of 60°C/hr with no soak at top temperature. The colour
of the fired briquettes is shown in Figure 6. Shrinkage measurements were taken following cooling, and the physical
properties of the briquettes were tested. The results are presented in Table 21.

Figure 6. Colour comparison between the three sets of briquettes (control, + 5%, +10%) fired to 1080°C
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The colour of the fired briquettes darkens with increased glass content in the body mix (see Figure 6). This is most likely
due to the increase in glass content and consequent enhancement of the iron oxide colouring action. In addition, higher
fluxing at lower temperatures (which is what happens when glass is used as flux) results in fluxing alkalis being
incorporated in the glass phases rather than reacting with the iron. This further enhances colour.
13.1.3 Underload firing curves
Underload firing curves (UFC) are used to assess the degree of linear change in a stack of six dried briquettes (each
75x35x25mm — green dimensions [wet]) set two on two on two, with a constant load of 34kN/m2. The constant load
represents a typical load endured by the bricks on the bottom row of a kiln car set (nominally 14 UK format bricks high).
Firing is at a constant rate of 60°C/hr.

Expansion is typically seen from between 150°C to c. 900°C, which is due to the expansion of minerals upon heating.
Once sintering and melting of the fluxing minerals starts (typically at +850°C), shrinkage occurs as densification and
ceramic bonding progresses. Because heavy clay products, such as bricks, tiles and pavers, acquire their physical
characteristics as a result of this process of ceramic bonding, it is important to evaluate the rate at which these
processes occur. In this way it is possible to determine the
optimum firing temperatures to attain the desired properties.
2
Firing Under Load of 34kN/m
Etruria Marls Clay + CRT panel glass.

Linear Change (%)

2

1

0

-1

-2
0

100

200

300

400

500

600

700

800

900

0

Temperature ( C)

2

Linear Change (%)

0

-2

Clay Alone (Control)
+5% CRT Glass
+10% CRT Glass

-4

-6

-8
850

900

950

1000

1050

1100

1150

1200

Temperature (0C)

Figure 7. Underload firing curves (UFC) for the three sets of test briquettes.
Figure 7 shows the UFCs for the three sets of briquettes. The degree of linear shrinkage increases with increasing
additions of the CRT glass. The lower half of Figure 7 enlarges the temperature region of particular interest. The ‘clay
alone’ curve gives an indication of the behaviour of the Etruria Marl clay. The shape of the curve shows that the rate of
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deformation (shrinkage) is relatively constant over a wide temperature range, 950 to 1200°C. The two curves which
represent the different CRT glass addition rates show a more irregular curve pattern. This is due to high temperature
‘bloating’ resulting in upturns in the curves at high temperatures over 1150°C. This is common and is a result of mineral
reactions generating gases which cannot escape from the clay body during firing. This is especially noticeable with clay
bodies that generate a high degree of glassy melt, such as the CRT glass addition sets would have.
The typical firing temperature for Etruria Marl clay is between 1080°C and 1150°C, depending upon the required product
and the source of the clay. The clay used in this investigation was fired to between 1080 and 1100°C. Based on the
increased linear shrinkage at 1080°C of the two sets of briquettes containing CRT glass, there is a significant potential to
reduce the overall firing temperature for bricks or pavers containing CRT glass. Similar linear shrinkages to that of clay
alone at 1080°C can be attained at 1065°C (+5% CRT glass) and 1025°C (+10% CRT glass).
It should be noted that due to subtle differences in the way shrinkage is measured between the UFC and direct
measurement of the briquettes, there can be a difference in the reported results.
13.1.4 Physical properties
Table 21 shows the results of the physical property tests for the three sets of briquettes.

Etruria Marl
clay + CRT
glass
0% (control)
5%
10%

Linear shrinkage (%)1

Strength
(N/mm2)1

Water absorptions (%)1

Wet-dry

Dry-fired

Wet-fired

3.9
3.8
3.5

1.5
2.1
3.9

5.4
5.9
7.3

24hrs
cold
water
12.5
9.6
6.9

5hrs
boiling
water
13.8
11.4
8.7

Saturation
coefficient

Compressive
strength

0.91
0.84
0.79

73
96
134

Note: 1 Values expressed are arithmetic means from 10 determinations

Table 21. Physical properties of the three sets of fired briquettes fired to 1080°C.
Linear shrinkage
This shows the percentage shrinkage of the length of the briquettes after drying and firing, compared with the original
green state (wet) when first pressed. This value indicates the magnitude of reactivity of the additions, and when in the
drying and firing process the reactions take place. As the CRT glass is a fluxing agent, the wet-dry shrinkage would be
expected to be similar for all body types. However, with 10% glass addition the drying shrinkage is reduced because of
the dry ‘grogging’ nature of the glass. As the glass is replacing clay, the fact that glass does not absorb water, and clay
does, results in a reduced wet-dry shrinkage.
As stated, the principal reaction was seen during the firing process, and was clearly seen in the dry-fired shrinkages. The
firing shrinkage is not only related to the removal of water from the briquettes, but also the mineralogical reactions that
take place as a result of the elevated firing temperatures. At temperatures above ~800°C, mineral transformations take
place that result in glass melt formation, in addition to that produced by the CRT glass, and in turn result in densification
of the body.
The wet-fired shrinkage gives an indication of the overall shrinkage during the manufacturing process, and gives an
indication to a manufacturer of the required wet brick size needed to attain the fired brick size.
Water absorptions
This shows the percentage increase in weight due to the uptake of water by both soaking in ambient temperature
(20°C) water for 24 hours and soaking in boiling water for five hours. The 24 hours cold water value in general tends to
be a lower value than the five-hour boil due to the structure and connectivity of the pores (voids). The boiling water
method generates a higher water absorption value due to the increased capillary suction during the cooling of the
briquettes once the air has been expelled during the boiling state of the measurement. An indication of the connectivity
and therefore ease of water ingress and egress is that of the saturation coefficient. This is simply the 24 hours cold
water percentage divided by the five-hour boil percentage. The nearer a saturation coefficient of 1, the more open the
connectivity is between the porosity (voids). From the results presented in Table 21, the saturation coefficient decreases
with increasing glass content, indicating that the connectivity of the pores is being restricted, which in turn is interpreted
as more glass melt being generated in the body.
Compressive strength
The results show that with increased glass content the strength of the briquette body increased. This was to be
expected as, by generating a glass melt in the body, the bonding between the granular matrix of the briquette body is
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greater. The results in Table 21 show that the increase in compressive strength was not linearly related to the glass
addition rate. This indicates that the glass is acting as a catalyst, generating more glassy melt sourced from the clay
minerals, and therefore a stronger body than would be expected from the glass addition alone. It should be noted that
these briquettes are significantly smaller than current UK format clay bricks, and the strengths measured are related to
the surface area of contact, giving higher values than would be expected in full sized bricks. The results, though, are
comparable between the three sets tested.
13.1.5 Conclusions
CRT glass (<100µm) can be used as a fluxing agent in the firing of Etruria Marl clay, a typical raw material used in the
manufacture of clay bricks in the UK. Significant enhancement of the physical properties can be achieved by adding
powdered CRT glass when fired to a similar temperature. Also, physical properties similar to those of clay alone can be
achieved at lower firing temperatures by adding powdered CRT glass.
The addition of between 1 and10% of <100µm powdered CRT glass will either reduce the firing temperature reduction
or enhance physical properties.
This investigation has not addressed the process technologies or economics of producing glass to the specification
required nor the possible environmental impacts arising from possible leachate from bricks containing the glass.
CERAM is currently undertaking a private project for DBS, York, looking at use of CRT glass as flux in ceramics. It has
been reported that the results to date have been very promising.
CERAM’s work on container glass as a brick flux indicates that a 5% addition could save between 3 and 5% of the
energy consumed in the firing process.
13.1.6 Technical barriers relating to manufacturing process
The results of the CERAM study indicate that there are potential advantages to the use of CRT glass as a brick flux. The
viscosity versus temperature relationship for different glass compositions is shown in Table 22.
Container

Mixed panel

Panel 1

Panel 3

wt%

wt%

wt%

wt%

SiO2

73.00

63.87

62.55

61.52

Al2O3

1.00

3.26

3.58

3.86

Na2O

12.80

8.06

7.86

8.86

K2O

0.10

9.35

7.86

10.64

Li2O

0.00

0.00

0.00

0.00

CaO

11.50

2.18

3.18

3.40

MgO

1.60

1.04

0.00

0.00

BaO

0.00

7.99

13.70

0.20

ZnO

0.00

0.00

0.00

0.00

PbO

0.00

0.00

0.00

0.00

B2O3

0.00

0.00

0.00

0.00

SrO

0.00

3.89

0.00

10.45

100.00

99.64

98.73

98.93

Temperature (°C)
Container Mixed panel

Panel 1

Panel 3

1495

1416

Total

Log viscosity

Melting

2

1450

1483
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2.5

1309

1332

1339

1276

3

1197

1213

1217

1166

3.5

1108

1117

1119

1078

4

1034

1038

1038

1005

7.65

736

715

714

712

Mg

11

614

582

583

593

Annealing

13

567

532

533

548

14.5

540

502

503

521

Gob temp.
Working
Litt. Soft.

Strain

Table 22. The viscosity temperature relationship for different panel glass compositions.
It can be seen that all three panel glass compositions (panel 1, panel 3 and mixed panel) have a similar Littleton
softening point. The Littleton softening point is the temperature when glass is soft enough to deform and react.
Therefore it can be used to compare the suitability of different glasses as a fluxing agent. The viscosity/temperature
relationship of container glass is slightly higher than CRT glass. Therefore CRT glass used as a brick flux would soften at
a slightly lower temperature than container glass. For this reason, further possible energy savings could be achieved if
CRT glass were used instead of container glass.
Another consideration is the chemical interaction of the flux for which the alkali content of the glass is a major factor.
The alkali content of glass is primarily due to the oxides of potassium and sodium. CRT glass tends to have between 20
and 50% greater alkali content than container glass. This suggests that CRT glass will be more effective than container
glass as a brick-fluxing agent.
13.1.7 Likely production cost
Table 23 compares the cost of traditional bricks with bricks made with glass flux. It is thought that the use of glass flux
will save up to 5% energy. Assuming gas firing, this will save both fuel cost and CO2 tax (based on the Climate Change
Agreement). It is reported that the glass (in the case of container) needs to be less than 100 µm and preferably
between 20 and 40 µm to be an effective flux. The cost of processing glass to this size is approximately £40, if
processing is carried out on a large scale
Traditional bricks

Bricks with glass flux

Glass addition

0%

5%

Glass cost

n/a

£0

/t

£0.00

Glass processing cost

n/a

£40

/t

£2.00

Glass PR credit

n/a

£0

/t

£0.00

Brick clay cost

£1

£1

/t

£0.95

Energy saving

0%

Brick production

860

/t

£1.00

5%
kwh/t

817

kwh/t

Gas cost

£0.0100

£/kWh

£8.60

£0.0100

£/kWh

£8.17

CO2 tax (gas)

£0.0015

£/kWh

£1.29

£0.0015

£/kWh

£1.23

CO2 rebate CCA

80% of
CO2 tax

-£1.03

80% of
CO2 tax

£9.86
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Table 23. Cost comparison of glass processing and energy cost for the production of traditional bricks and
bricks incorporating glass flux.
13.1.8 Size and value of current and potential markets for this application in the UK
UK brick production is approximately 3 billion bricks per annum. This equates to 7.5 million tonnes of bricks. Based on a
5% addition of CRT panel glass and assuming full adoption by brick manufacturers, up to 375,000 tonnes of CRT glass
could be used per annum. It is unlikely that this level of adoption would be achieved, bearing in mind that there are
potentially only 70,000 tonnes per annum of CRT panel glass waste arising. Therefore there is the potential to use all the
UK’s arisings of panel glass if brick manufacturers are prepared to use this material.
13.1.9 Environmental impact of manufacturing process
The addition of 5% glass in place of virgin clay will save virgin clay extraction as well as energy. The study concluded
that the firing temperature could potentially be reduced by 15°C for a 5% and 55°C for a 10% addition of CRT panel
glass. Table 24 compares CO2 emission from production of traditional bricks with production of bricks using 5% glass as
flux. The overall energy saving could be in the region of 4.5%, taking account of CO2 emissions from processing the
glass. These are thought to be in the region of 10 kg CO2/tonne of glass (20 kWh/tonne). This calculation does not take
into account the energy saved from reduced clay extraction but this figure will be relatively low and will not greatly
influence the overall CO2 emission.
Process

CO2 emission (kg CO2/tonne of bricks)
Traditional bricks

Bricks with glass flux

Glass processing

0.5

Brick firing

14334

136

143

136.5

Total
Saving

6.5

Table 24. A comparison of the estimated CO2 emission for the production of traditional bricks and bricks
incorporating glass flux.
13.1.10 Processed glass specification
This specification relates to glass powder used as a fluxing agent in brick manufacture and is based on PAS102: 2004
‘Specification for processed glass for selected secondary end markets’.
Glass separation specification
This requires non-leaded panel CRT glass with <1% of dry weight of other CRT glass components.
Contamination limits
Total contamination by organic substances, inorganic substances, ferrous metals or non-ferrous metals must be <1 % of
dry weight.
Particle size
When tested in accordance with BS EN 725-5, the particle size must be as shown in Table 25.
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Size (µm)

Wt% passing

150

100

75

90

45

50
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Table 25. Particle size distribution.
13.1.11 Customers for end-use applications
Potential users for this application will be brick manufacturers. There are three large and numerous small brick
manufacturers in the UK. The customers for the bricks will be the construction industry. CRT glass-derived flux in bricks
may be used by brick manufacturers as a selling point of their product, providing an opportunity for their customers to
fulfill green procurement requirements.

13.2 Ceramic fluxes and glazes
13.2.1 Flux in ceramic ware
Waste CRT panel glass may also be used as a fluxing agent in ceramic ware. CERAM is currently carrying out research
into the use of waste container glass as a flux in sanitary ware. Because CRT glass has similar properties to container
glass, if not better, in terms of viscosity/temperature relationship and chemical reactivity (high alkali content), it has the
potential to perform at least as well as container glass. However, further research is needed to confirm this.
13.2.2 Ceramic glazes
Another possible application for CRT panel glass is in ceramic glazes. However, no examples of its use in commercial
products could be found.
13.2.3 James Kent, Stoke on Trent
James Kent is one of the very few manufacturers of glass frit left in the UK. One glass frit produced by James Kent for
stainless steel extrusion lubricants requires barium and strontium. This is a possible candidate for using waste CRT panel
glass. However, the barium and strontium content of CRT panel glass ranges from 1.9 wt% to 14.2 wt% and 0 wt% to
11.6 wt% respectively. James Kent did not consider that it would be possible to use this material because every batch
would require varying additions of the other raw materials to achieve the required composition. Furthermore, the need
to analyse every batch of waste CRT glass and then recalculate the batch recipe to achieve the required composition of
the glaze would not be viable. The UK market is <1000 tonnes per annum. Theoretically, 25 wt% of waste CRT glass
could be used in glazes, but it is unlikely that any will be used in practice.
13.2.4 Production of samples
Because no samples were available, a series of frit glazes were made, based on commonly used lead-free glazes.
Mixed
panel

Glaze
composition

CRT
addition

Oxide
addition

Final glaze composition

SiO2

54.00

53.1

20.77

29.92

50.69

Al2O3

1.96

12.4

0.75

10.78

11.53

Na2O

6.76

2.6

2.60

0.00

2.60

K2O

8.77

4.1

3.37

0.67

4.05

CaO

0.95

3.6

0.37

2.99

3.36

MgO

0.14

2.6

0.05

2.36

2.41

BaO

9.24

6.7

3.55

2.91

6.47

ZnO

0.30

0.11

0.11

Over range

PbO

0.04

0.02

0.02

Over range

B2O3

0.00

SrO

12.95

14.9
4.98

13.79

13.79

0.00

4.98
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Table 26. Composition of glaze 1, ratio of 37% CRT glass to 63% virgin materials.
Mixed
panel

Glaze
composition

CRT
addition

Oxide
addition

Final glaze composition

SiO2

54.00

50.8

11.69

37.74

49.43

Al2O3

1.96

15.1

0.42

14.16

14.59

Na2O

6.76

3.3

1.46

1.77

3.24

K2O

8.77

5.5

1.90

3.48

5.37

CaO

0.95

1.6

0.21

1.35

1.55

MgO

0.14

2.4

0.03

2.29

2.32

BaO

9.24

2

2.00

0.00

2.00

ZnO

0.30

0.06

0.06

Over range

PbO

0.04

0.01

0.01

Over range

B2O3

0.00

SrO

12.95

19.3

0.00

18.63

18.63

2.80

2.80

Over range

Table 27. Composition of Glaze 2, ratio of 21% CRT glass to 79% virgin materials.

Mixed
panel

Glaze
composition

CRT
addition

Oxide
addition

Final glaze
composition

SiO2

54.00

49.7

24.76

22.55

47.32

Al2O3

1.96

7.2

0.90

5.70

6.60

Na2O

6.76

3.1

3.10

K2O

8.77

4.6

4.02

0.52

4.54

CaO

0.95

5.8

0.44

4.85

5.29

MgO

0.14

0.7

0.06

0.58

0.64

BaO

9.24

27.9

4.24

21.40

25.64

ZnO

0.30

1

0.14

0.78

0.92

PbO

0.04

0.02

0.02

Over range

12.95

5.94

5.94

Over range

3.10

B2O3
SrO

Table 28. Composition of glaze 3, ratio of 43% CRT glass to 57% virgin materials.
The glazes shown in Tables 26, 27 and 28 were melted in a pure alumina crucible and then formed into fine powders by
ball milling. They were then glazed and fired on to white ceramic substrates to gauge colour and bonding properties.
The panel glass used was taken from a large sample received from DBS. However, to test the continuity of the sample
some individual panels were selected and used in the above glaze compositions. It was found in some cases, using
certain types of panel glass, that the glaze melts did not form a glass but tended to partially crystallise. This is because
some of the panel glass had composition different from the average composition and this resulted in a glaze composition
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with crystalline phase during the melting process. In other cases, the thermal expansion mismatch with the ceramic
substrate was too great and resulted in surface crazing.
The compositions that did form an acceptable glaze tended to have a very slight grey-blue appearance that might limit
its use in some applications.
As shown in the above examples, it is difficult to match composition without exceeding the quantity of one or more
oxides. This because the composition of CRT panel glass varies considerably between manufacturers. If waste CRT glass
is to be used in the manufacture of ceramic glazes, a series of specially adapted compositions needs to be developed
that can tolerate the varying composition of waste CRT panel glass. The work undertaken in this project was limited and
a complete programme of research and development would need to be carried out to validate the suitability of using
waste CRT glass in ceramic glazes. However, given that UK production is <1,000 tonnes per annum and that an
estimated maximum of 25% (i.e. 250 tonnes, <0.1% of UK panel glass arisings) of CRT glass could be used, this is
unlikely to be justified.
13.2.5 Processed glass specification
This specification relates to glass powder used as a fluxing agent in ceramic ware production and is based on PAS102:
2004 ‘Specification for processed glass for selected secondary end markets’. This is not a specification for ceramic glaze
as there is no current demand and no specification was available.
Glass separation specification
This requires unleaded panel CRT glass with <1% of dry weight of other CRT glass components.
Contamination limits
Total contamination by organic substances, inorganic substances, ferrous metals or non-ferrous metals must be <1 % of
dry weight.
Particle size
The particle size of the lot must be in accordance with Table 29.
Size (µm)

Wt% passing

>106

<0.1

75 to 106

<1

<75

balance

Table 29. Particle size distribution.
Customers for end-use applications
Potential customers will be manufacturers of ceramic sanitary ware. The use of waste CRT glass in these products would
fulfil green procurement requirements of local authorities, architects and others.

13.3 Conclusion and recommendations
13.3.1 Use as flux in brick manufacture
This application has particularly good potential to use large volumes of waste CRT panel glass. This shows even greater
potential than waste container glass for reducing the firing temperature and may prove a better fluxing agent because of
its higher alkali content and lower melting temperature.
One barrier to using CRT glass in flux in the near term is getting a reliable supply of CRT glass. In order for the brick
industry to consider switching to CRT glass, manufacturers need to be assured of a constant supply processed to the
required quality standards. To address this, a suitable collection and processing infrastructure needs to be in place in the
UK. Further work is needed to:
•
substantiate the results of the research already carried out
•
raise awareness amongst brick manufacturers of the potential for using CRT glass as a flux
•
consider the possibilities of blending CRT glass with flat and container glass
•
explore in detail the collection and processing infrastructure that needs to be in place to assure brick manufacturers
of a consistent supply.
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13.3.2 Use as flux in the manufacture of ceramic ware
Technically there is a similar potential for CRT glass to be used as flux in the manufacture of ceramic ware. Further
research is necessary to confirm this and quantify demand.
13.3.3 Use as ceramic glaze
This application does not have the potential to consume significant quantities of waste CRT glass. This is due to the
limited potential market size — probably less than 1,000 tonnes per annum — and the technical difficulties of ensuring a
consistent glass composition from many sources of waste CRT glass. Therefore it is likely that there will not be a
potential market for waste CRT glass in ceramic glaze production.

14 Foam glass
Waste glass can be used in the production of foam glass. The use of waste CRT glass in this application was the third of
the five end-use applications prioritised for in-depth investigation in this project.

14.1 Description of products
Foam glass (also known as cellular glass) has been commercially available since the 1930s. It is used primarily for
insulation — thermal and sound — and to stabilise ground.
Originally it was manufactured from a specially formulated glass composition using virgin glass only. Currently, there are
a number of foam glass production plants that use up to 98% post consumer waste glass in their product. Foam glass is
manufactured by generating a gas in glass at a temperature of between 700 and 900°C. The gas expands, producing a
structure of cells to form a porous body. Foam glass can be made either from a molten glass or sintered glass particles.
The latter process requires ground glass (below 100 µm) to be mixed with a foaming agent. On heating, the foaming
agent releases a gas and expands the molten glass mass.

14.2 Producers of foam glass
European producers of foam glass were identified in a previous study undertaken by GTS for WRAP. Some of these were
approached as part of the current project to discuss the use of CRT glass in foam glass production.
14.2.1 Misapor, Switzerland
Misapor produces foam glass made largely from waste container glass but knows it is possible to use waste CRT panel
glass. Experience has shown that a low level of waste CRT glass (<5%) has no effect on either process or product.
Misapor was unable to provide samples of foam glass containing known quantities of waste CRT glass.
14.2.2 Hasopor, Norway
Hasopor produces foam glass that incorporates many different types of waste glass. As part of this project, GTS visited
Hasopor to observe the foam glass manufacturing process. At the time of the visit Hasopor was producing foam glass
from a mixture of 10% lamp, 45% container and 45% flat glass. In the past it has also used CRT panel glass and found
it produced foam glass of similar properties and specification to its standard production. However, because of lack of
supply, it was not using foam glass at the time of the GTS visit.
Hasopor produces a loose fill aggregate for insulation and ground stabilising applications. Currently, it is expanding foam
glass production throughout Europe and considering the possibility of setting up a plant in the UK.
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Figure 8. Foam glass emerging from the furnace at Hasopor, Norway.

Figure 9. Loose aggregate foam glass manufactured by Hasopor, Norway.
14.2.3 Millcell, Switzerland
Like Misapor and Hasopor, Millcell knows that waste CRT panel glass can be used as feedstock but does not knowingly
use it at present.

14.3 Physical and chemical durability testing
None of the above European foam glass manufacturers was available to provide samples of foam glass that incorporated
CRT panel glass. Therefore GTS manufactured a number of samples to test for chemical durability testing (Figure 10).
The physical properties of foam glass incorporating CRT glass were not tested as part of this project. This is because the
manufacturers contacted were able to confirm that the physical properties are not changed by using CRT glass. Table 30
shows physical properties of Hasopor foam glass. Hasopor is working towards European Technical Approval (EOTA) for
its products.
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Figure 10. Foam glass samples produced at GTS for chemical durability testing.
Properties

®HASOPOR Light

®HASOPOR Standard

10 to 50 mm

10 to 50 mm

ca. 180 kg/m3

ca. 225 kg/m3

ca. 45

ca. 45

Heat conductivity [λ], dry and
compressed 20%

0.11 W/mK
[NBI ISO 8301]

0.11 W/mK
[NBI ISO 8301]

Heat conductivity [λ], wet and
uncompressed

0.14 W/mK
[NBI ISO 8301]

0.17 W/mK
[NBI ISO 8301]

4,4 kg/m2
[EN 1097-10]

13 kg/m2
[EN 1097-10]

6 N/mm2

> 6 N/mm2

Gravel size from production
Dry weight
Slide angle in loose form

Capillary absorption after 50 weeks,
compression = 20%
Average compressive strength

Table 30. Physical properties of Hasopor foam glass.
Table 31 shows the range of compositions of samples produced by GTS for chemical durability testing. The feedstock
used was the same as for the brick samples (Table 7). The leachate testing method was also the same as for the brick
samples.
Series number

Panel
wt%

Container glass
wt%

F1

100

0

F2

66.7

33.3

F3

33.3

66.7

F4

0

100

Table 31. The composition of the series of foam glass samples produced for chemical durability testing.
Analyte

F1
(ppm)

F2
(ppm)

F3
(ppm)

F4
(ppm)

Blank
(ppm)

Ti

0.80

0.05

0.04

0.05

<0.01

Cr

<0.03

<0.03

<0.03

<0.03

<0.03

Ni

<0.02

<0.02

<0.02

<0.02

<0.02

Cu

<0.03

0.04

<0.03

<0.03

<0.03

Zn

0.28

0.15

0.11

0.08

<0.03

Fe

1.35

1.62

1.88

2.20

0.02

Sr

8.92

4.43

1.67

0.04

<0.01

Zr

0.66

0.21

0.13

<0.01

0.02

Cd

<0.01

<0.01

<0.01

<0.01

<0.01
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Sb

0.29

0.11

<0.10

<0.10

<0.10

Hf

<0.10

<0.10

<0.10

<0.10

<0.10

Hg

<0.10

<0.10

<0.10

<0.10

<0.10

Pb

<0.10

<0.10

0.11

0.10

<0.10

Ba

9.44

4.39

1.64

0.19

0.01

Bi

<0.10

<0.10

<0.10

<0.10

<0.10

Ce

0.13

<0.10

<0.10

<0.10

<0.10

Table 32. Analysis results for leachate testing on the foam glass samples, all results in ppm.
Note: Yellow cells denote concentrations above the water drinking limit and blue cells denote where maximum permitted
concentrations are not specified.
14.3.1 Summary of results
The results have been compared with current UK limits for leaching from food contact glassware and drinking water, as
detailed in Tables 16 and 17. These limits are, however, extreme and therefore probably not appropriate to the foam
glass application.
From Table 32 it can be seen that barium and iron were above the drinking water limit which permits a maximum of 1
ppm barium and 0.2 ppm iron. Strontium is not specified in drinking water limits. From a toxicity point of view the only
elements that may warrant further investigation are strontium and barium. The levels for the heavy metals lead and
cadmium were below the levels set for food containers. The levels of lead, cadmium, mercury and chromium were below
the permitted levels for drinking water.
14.3.2 Conclusion
The results of the chemical durability tests on foam glass were similar to those for bricks. The levels of toxic leachates
from the foam glass samples under experimental conditions were below the levels set for drinking water. Barium and
strontium were at levels that were considered low enough not to be of concern during life or at disposal.

14.4 Potential for using waste CRT panel glass in foam glass
14.4.1 Technical barriers relating to the manufacturing process
Foam glass is already being manufactured from waste glass on a commercial scale. Manufacturers have confirmed that
there are no known technical barriers to using waste CRT glass.
14.4.2 Likely production cost
The net production cost for foam glass manufacture was reviewed for the WRAP report (WRAP Report), ‘A UK market
survey for foam glass’. It was found that the production cost could vary between £30/m3 and £60/m3, depending on the
scale of production. This cost excludes profit, tax, licence fees, etc.
14.4.3 Size and value of current and potential markets for these products in the UK
The potential market is hard to predict, as foam glass is not currently used in the UK on any significant scale. As part of
the WRAP report (WRAP Report), it was estimated that the UK could sustain a production plant of up to
225,000m3/annum, consuming up to 45,000 tonnes per annum of waste glass. It was also assumed that the foam glass
would be marketed as loose fill aggregate and aggregate replacement for concrete products.
14.4.4 Amount of CRT glass that could potentially be used in these products
Based on Hasopor’s experience, it should be technically feasible to include up to 20% CRT panel glass in foam glass
manufacture which, on a 225,000m3/annum production plant, would consume 9,000 tonnes per annum of CRT panel
glass. However, it is likely that early production of a UK foam glass plant would be somewhat lower, probably between
50,000 and 80,000 m3/annum, and therefore would only use up to 3,000 tonnes per annum of CRT panel glass.
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14.4.5 Processed glass specification
This specification relates to glass powder used as a feedstock for foam glass production.
Glass separation specification
This requires unleaded CRT panel glass with <1% of dry weight of other CRT glass components. However, it can be
mixed with other types of glass, such as plate and container, to bulk up the feedstock.
Contamination limits
Total contamination by organic substances, inorganic substances, ferrous metals or non-ferrous metals must be <1 % of
dry weight.
Particle size
The particle size must be in accordance with Table 33.
Size (µm)

Wt% passing

>100

<1

50 to 100

75

<50

balance

Table 33. Particle size distribution.
14.4.6 Customers for end-use applications
Foam glass can potentially be made into three products:
•
loose foam glass aggregate — continuous production of sheets of foam glass that are then broken into loose foam
glass aggregate and sized
•
blocks and shapes — generally continuous production of blocks and shapes in moulds that are then cut and shaped
•
pelletisation — continuous production of spherical pellets of foam glass that are then used in the manufacture of
blocks, panels and slabs.
All
•
•
•
•
•
•

the above products can be used for the following applications:
thermal ground insulation, e.g. for sports grounds and swimming pools
ground stabilisation on water-logged ground
sound insulation as part of building construction
foundation piles in unstable ground conditions
lightweight thermal roof insulation
lightweight concrete (loose aggregate only).

The end-user for these potential applications is the construction industry, both highway and building construction. Foam
glass made with waste CRT glass would fulfil the green procurement requirements of local authorities, architects and
others.
14.4.7 Environmental impact of the manufacturing process
CRT panel glass needs to be processed before it can be used in foam glass. The energy consumed by this equates to
some 10 kg CO2/tonne of glass (20 kWh/tonne). It is estimated35 that the CO2 emissions from foam glass manufacture
are in the order of 2.5 kg CO2/m3. Therefore total CO2 emissions can be estimated at 4.5 kg CO2/m3 (≈1 kg CO2/tonne of
glass).
Foam glass, however, can replace insulating aggregate and therefore reduce the extraction of virgin aggregate.
Furthermore, CO2 emissions will be reduced by using foam glass instead of traditional aggregate because it is many
times more insulating than traditional aggregate. For example, foam glass used in building construction will save CO2
during construction (because there is less weight to transport and handle) and during the life of the building in which
heating/cooling energy will be required. A life cycle analysis of foam glass was carried out for the WRAP Report.
14.4.8 Conclusion and recommendations

35

WRAP Report, A UK market survey for foam glass
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There is good potential for using CRT panel glass in foam glass, although demand is likely to be relatively low —
between 3,000 and 9,000 tonnes of CRT panel glass per annum in the UK. In order to take this application forward, a
manufacturing facility needs to be established in the UK. Hasopor is already conducting market research into likely
demand and production costs in the UK. No further research is recommended at this time, but setup costs are likely to
be high and assistance with the capital cost may encourage the installation of a UK foam glass manufacturing facility.

15 Use of waste CRT glass in new CRTs
Waste CRT glass can be used in the manufacture of new CRTs. This is the fourth application for CRT glass investigated
in detail by this project.

15.1 Method
ICER contacted European manufacturers of CRT glass to assess the potential for using recycled cullet in the manufacture
of both funnel and panel glass in the UK and the rest of Europe. The research identified technical barriers and explored
the economic and environmental benefits of using recycled cullet.

15.2 Composition of CRT glass
CRTs contain two types of glass — barium/strontium glass in the panel section and leaded glass in the funnel and neck
components. The different components are joined together with a lead glass frit. There is approximately twice as much
barium glass by weight as leaded glass in a CRT. The inside of the screen is coated with a conductive material and a mix
of phosphors. The inside of the funnel is coated with iron oxide. A graphite layer is stuck on the outside of the funnel.
Other components include the electron gun, metal mask and deflector coil, as well as metal pins and cable.

15.3 Manufacturing process for CRT glass
The manufacturing process is similar for both panel and funnel glass. Although the material content differs, the main
raw materials for both are silica sand, sodium carbonate and barium/strontium carbonates. Sand is the single largest
ingredient and must be of high purity. Other materials may include oxides of aluminium, potassium, magnesium, zinc,
zirconium and either barium and strontium or lead, depending on whether it is panel or funnel glass that is being
manufactured.
Raw materials are converted to a homogenous melt at high temperature and then formed into screens, funnels or neck
components. The dry materials are first blended and then added to the furnace where melting and other reactions
(dissolution, volatilisation and redox) take place. The next phase, fining, removes bubbles from the molten glass melt.
The most commonly used fining agents are potassium nitrate and antimony oxides. The melt is then homogenised and
cooled to the temperature at which it can be formed into screen or funnel components.
The inside of the screen is coated with a conductive material and with luminescent material consisting of three layers of
phosphors — blue, red and green. The inside of the funnel is coated with iron oxide.

15.4 Technical barriers to using waste CRT glass in new CRT glass
components
15.4.1 Contamination
Panel glass has no added lead because this would cause it to discolour under X-radiation, i.e. when electrons hit the
screen. Therefore the only waste CRT glass that can be used in the manufacture of new screens is panel glass that is
not contaminated with leaded glass. This means that the screen must be separated from the funnel glass in such a way
that no leaded glass or glass frit remains attached to the unleaded fraction. There are several separation techniques that
can achieve this (see section 17).
Because the manufacturing process is very sensitive to contamination, waste panel glass also needs to be free of any
other material which could affect the process and therefore the physical properties of the new panel glass. The main
areas of concern are colour tint of screen, transmission, physical strength, and flaws, i.e. defects and cracks in the glass.
Panel glass must meet the highest quality standards in all these respects. Bubble specifications, for example, are critical.
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LG.Philips specifies a maximum size of 0.3 mm for imperfections in the central part of the screen, and 0.5mm for
imperfections in the outer part of the screen36.
In order to avoid contamination, all screen coatings must be removed from the CRT glass37. One way of doing this is to
wash the separated screens in a caustic solution such as sodium hydroxide, followed by water, though it is not necessary
to use a caustic solution to clean panel glass. Physical contaminants, such as stickers, metal components and pins, and
any other non-glass waste also have to be removed. Care must also be taken to avoid contamination by iron oxide since
this discolours the glass and causes transmission problems. Some manufacturers are satisfied if all reasonable steps
have been taken to ensure that contact with ferrous material has been minimised. Others prefer waste panel glass to
have had no contact with ferrous metal.
15.4.2 Glass of different specifications
Even if waste panel glass is free of all chemical and physical contamination, there may still be barriers to using it in the
manufacture of new screens if it is of a significantly different composition from the new glass manufactured. Screen
colour, for example, can be varied by adding amounts of nickel and cobalt to the melt. It takes a very small amount of
these substances to dramatically alter the colour of a screen, i.e. grams added to a batch of tens of tonnes38.
Another factor which can present a barrier to using recycled glass is the level of fluoride in the glass. Some
manufacturers add calcium fluoride to the melt where it acts as a melting agent (flux). Manufacturers who instead use
electric boosting to increase tank temperature may not want to use waste glass containing fluoride because of possible
corrosion problems with the electrodes39.
There are two possible approaches to dealing with waste glass of different compositions. One is to set up quality control
systems which will identify and reject waste glass from producers whose glass is incompatible. Screens normally carry a
manufacturer’s identification mark40. A second approach is to blend large quantities of glass from different sources into a
homogenised mix which will be compatible with the specifications of the new glass being produced. This effectively
overcomes problems such as colour differences and will not affect the transmission properties of the new glass unless
that glass has a very high transmission, greater than 60%. The average transmission of end-of-life panel glass is well
below 60%.
For those manufacturers utilising cullet in the production of new screens, the quantity that can be incorporated into the
manufacturing process will vary between different manufacturers, reflecting quality and quantity of cullet supply and
their own expertise in blending with the virgin input materials.
15.4.3 Barriers to use of waste glass in new funnel glass
The technical constraints on using waste glass in new funnel glass are less than for screens because the funnel is not
visible to the consumer. However funnel glass must still meet high standards of both physical strength and radiation
shielding. Therefore waste glass for use in new funnels must be free of contaminants such as coatings, cleaning
residues, plastics and other organic material.
It is possible to use mixed waste CRT glass (i.e. panel and funnel glass) in funnel glass manufacture but separated
funnel glass is preferred because of its higher lead oxide and lower barium oxide content.
15.4.4 Technical specifications for waste glass to be used as feedstock for new CRTs
Manufacturers who use waste glass in new CRTs have set their own quality standards for glass that they are prepared to
accept. These standards cover levels of contamination, grain size, load size, storage and transportation requirements.

15.5 Potential for using waste CRT glass in new CRTs
This project has looked at the potential for using waste CRT glass in the UK and in other EU states, now and over the
next 10 years.
15.5.1. In the UK

36
37
38
39
40

LG.Philips Display Units, Simonstone, 2003 (private communication with ICER)
NEG, 2003 (private communication with ICER)
LG.Philips, 2003 (private communication with ICER)
NEG, Schott, 2003 (private communication with ICER)
NEG, 2003 (private communication with ICER)
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There are two CRT glass-manufacturing plants in the UK, Nippon Electric Glass (NEG) in Cardiff and LG.Philips Display
Units in Simonstone. Both manufacture panel glass only. There is no funnel glass manufacturing capability in the UK.
The LG.Philips plant is scheduled to close in spring 2004.
Nippon Electric Glass (NEG)
NEG has one furnace and manufactures 90,000 tonnes of panel glass per annum. It also finishes some 18,000 to 20,000
tonnes of funnel glass per annum. It has recently become a stakeholder in a venture with Schott to develop a funnel
glass manufacturing facility (STVG) in the Czech Republic with a capacity of some 50,000 tonnes a year.
It has considerable experience of using postproduction waste panel glass in the manufacture of new screens. This waste
glass is normally of known source and composition, but has not necessarily been manufactured by NEG. To overcome
this, NEG sets specifications for waste panel glass to be used as feedstock in the manufacture of new glass. These cover
a range of issues, including chemical composition, particle size, contamination, packaging and storage.
Waste glass used by NEG is separated and cleaned by The Mann Organisation which has worked closely with NEG for six
years and developed processes to separate and clean waste CRT glass. It also has in place quality controls to identify
and reject glass which may be incompatible with NEG’s manufacturing process.
The Mann Organisation’s process is able to separate panel and funnel glass, either from intact CRTs or from mixed
broken glass. It uses the hot wire thermal shock technique (see section 17) in conjunction with other techniques . The
separated screens are then cleaned and transported to NEG in open skips. The glass arrives at NEG in pieces measuring
approximately 150 mm in diameter. It is then tipped into a storage area from a three-metre height so that it breaks
further. It is mechanically shovelled into an auger grinder and crushed into cullet which is approximately 20 mm in
diameter. The grinding machine uses 55KWh and is capable of processing 120 tonnes a day.
In 2002, NEG used 2,200 tonnes of post-production waste panel glass. It aimed to increase this to 3,000 tonnes in 2003
but was unable to get sufficient waste glass from the UK. Possible reasons for this were:
•
insufficient availability of production waste in the UK and lack of routes to obtain post-consumer waste
•
market imperfections, i.e. potential processors of waste glass are unaware of NEG’s demand for glass
•
the costs of obtaining and processing waste glass to NEG’s quality requirements exceed the price that NEG is
prepared to pay.
Building on its experience of blending clean waste glass with virgin materials, NEG aims to use 6,000 tonnes of waste
panel glass in 2004, rising to 10,000 tonnes in 2005. This amounts to 11% of total production and will require significant
quantities of post consumer waste panel glass. NEG can also take waste funnel glass to send to its funnel manufacturing
plant in the Czech Republic. It is unable at this point to estimate the quantities that can be taken.
NEG expects to be manufacturing panel glass for the foreseeable future in the UK and to produce similar quantities of
glass. Although as sales of LCD and plasma screen TVs increase the number of screens manufactured will fall, the
overall weight of glass required is expected to stay the same as TV manufacturers produce more ‘jumbo’ 32, 34 and 36
inch televisions.
LG.Philips Display Units
LG.Philips has one furnace and produces between 80,000 and 85,000 tonnes of panel glass per annum. It manufactures
three or four different coloured panel glasses each year, all of high transmission. Because this glass is extremely
sensitive to contamination, it recycles only glass from the same production run. The plant will close in spring 2004.
15.5.2 Throughout the EU
There are five manufacturers of CRT glass in the current 15 EU member states:
•
Nippon Electric Glass, UK (panel glass)
•
Schott, Germany (panel and funnel glass, soon to be only panel)
•
LG.Philips Display Units, UK (panel glass) and Germany (panel and funnel glass)
•
Samsung Corning, Germany (panel and funnel glass)
•
Thomson Video Glass, France (panel and funnel glass).
There are also manufacturing facilities in Poland, the Czech Republic and Lithuania.
According to the EC Joint Research Centre41, these five companies have between them 13 furnaces with capacity for
CRT glass ranging from 70 to 360 tonnes a day. The average capacity is 185 tonnes a day, giving a total capacity of
880,000 tonnes a year. Of this capacity, 69% is in Germany, 21% in the UK (panel glass only) and 10% in France. In
41

The IPPC reference document on best available techniques in the glass manufacturing industry, October 2000,
published by the EC Directorate-General Joint Research Centre

Materials recovery from waste cathode ray tubes (CRTs)

51

2000, actual production was 525,000 tonnes, i.e. 61% of capacity. Of this, approximately two-thirds were panel glass
and one-third was funnel glass. Industry sources42 indicate that current production is at a similar level to that of 2000.
Three of the five producers currently use or are prepared to use waste post consumer CRT glass in the manufacture of
new glass. These are NEG, Schott, and Philips. Thompson and Samsung Corning are currently trialling the use of small
quantities of post production glass.
NEG
See the section on the UK, above.
Schott
Schott operates three furnaces in Mainz, Germany — two for panel glass (120,000 tonnes per annum), the other for
funnel glass (50,000 tonnes per annum). The funnel glass facility will close before summer 2004 and production is
moving to STGV, jointly owned by Schott and NEG, in the Czech Republic. Schott receives waste funnel glass from many
small suppliers around Europe and two large glass processors in Germany. It has two facilities for bulking up and
processing panel glass, one in Germany and one in Holland. It used 20,000 tonnes of waste glass in 2002. This included
post production and post consumer waste, some of it mixed and some of it separated. Schott estimates it has a potential
to use 55% waste glass in funnel production and 30% in panel production. There is no time-line for this. To reach the
target of 30% waste glass in the production of panel glass, it will need to acquire 36,000 tonnes of waste panel glass.
To meet the target of 55% for funnel glass, it will need 27,500 tonnes of waste funnel glass.
Currently Schott is finding it difficult to get hold of sufficient quantities of glass which has been separated, cleaned and
transported in a way that meets Schott’s standards. These require panel glass to be separated, free from all coatings,
and more or less intact (apart from transport breakages). The glass must not be crushed, ground or shredded. This is
because Schott wants to ensure there is no contamination from iron oxide resulting from the glass being in contact with
metal knives or containers. Funnel glass must also be free of coatings but can be crushed.
Schott’s feedstock specifications for funnel glass, panel glass and mixed cullets are set out in Appendix 2. The
specifications address a range of issues including sorting and cleaning requirements, contamination, particle size and
transportation.
LG.Philips Display Units
For the UK, see above.
In Aachen the company has two furnaces, one for panel and one for funnel glass. It also has panel and funnel glass
production facilities in Brazil. It uses up to 7.5% mixed waste CRT glass in funnel production. It does not use any waste
glass in screen production. In the longer term there are plans to use up to 35% waste funnel glass in funnel production,
and up to 25% waste panel glass in screen production. There is no timetable for this. Like Schott, the main barrier to
increasing the amount of waste glass used in manufacture is obtaining glass of suitable quality and at the right price.
The mixed waste glass currently used by LG.Philips in Aachen is cleaned, processed and crushed by recycler MIREC
which has worked closely with LG.Philips since 1993 to develop systems for processing waste CRT glass to meet the
feedstock requirements. In addition to using waste glass in Aachen, in 2000 Philips began to export processed waste
glass as a raw material for use in its Brazilian production facility.
Samsung-Corning and Thompson
It is understood that Samsung-Corning and Thompson are currently trialling the use of waste CRT glass.
15.5.3 European capacity to use waste CRT glass
Three of the five manufacturers say that between them they could in the short-term use 50,000 tonnes of waste panel
glass (NEG 11% of production, Schott 30%, Philips 10%) if it were available at the right price and quality. According to
Schott, the maximum amount of glass cullet that can be used in the production of new panel glass is 30%. If all
manufacturers used 30%, the amount of waste panel glass that would be used is 105,000 tonnes (30% of current
screen production estimated at 350,000 tonnes which is two-thirds of total CRT production of 525,000 tonnes). Similarly,
the maximum amount of funnel glass that could be used is 96,000 tonnes, assuming total funnel glass production of
175,000 tonnes. In practice, however, it is unlikely that all manufacturers will be able to use this high level of waste
glass and it is likely to take some years to develop the experience to use it in large quantities. Some additional economic
incentive may be required to encourage manufacturers to develop the necessary skills and technology.
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Schott estimates that arisings of waste CRT glass exceed 1,000,000 tonnes per annum across the EU. If 55% glass cullet
were to be used in the production of new funnel glass and 30% in the production of new panel glass this would amount
to some 201,000 tonnes of waste CRT glass per annum. This amounts to approximately 20% of arisings of waste CRT
glass in the EU, using Schott’s estimate of 1,000,000 tonnes of waste CRT glass per annum across the 15 current
member states. In practice, because most manufacturers have limited experience of using post consumer glass, it is
likely to take several years before such high levels could be achieved. It should also be noted that EU arisings of waste
glass will increase significantly as the EU expands in 2004, but glass manufacture will not.
In the longer term — 10 to 15 years — both Schott and NEG expect CRT glass production to continue in Europe at
similar levels (see 6.4.1, above) though Philips says that much will depend on whether European import duties are
abolished in 2006. If import duties are abolished this will improve the competitiveness of CRTs manufactured in Asia and
cheaper imports could seriously threaten European production. Subject to this, however, the use of waste glass in the
manufacture of new CRTs in Europe can be considered a viable long-term recycling route.
CRT production is also expected to continue at least a further 10 years in the Far East and other non-OECD countries but
it is unlikely that this will be a market for waste glass from the EU. This is partly because waste glass will be available
locally and partly because of restrictions on the transfrontier shipment of waste.

15.6 Economics of using waste CRT glass in new CRTs
None of the glass manufacturers was prepared to discuss in detail the economics of using waste glass compared with
virgin materials, but all agreed that cost savings could be made. These include energy savings because less energy is
required to melt glass cullet than raw materials. . However, using waste glass can, if not done properly, ruin a whole
batch and the cost of the resulting down-time would far outweigh the savings from using recycled material.
The main drivers for glass manufacturers to use waste glass are environmental considerations and standards, e.g. ISO
14001, as well as the expectation that their customers will soon require it because of the WEEE Directive.
Another consideration is the introduction of the EU Emissions Trading Scheme (EUETS) for reducing greenhouse gas
emissions. It will apply to glass manufacturing and is due to start in January 2005, although the UK is hoping to opt out
until 2007. Under this scheme, glass manufacturers will be given a CO2 emission limit and will have the incentive to
minimise their emissions because they can sell any unused quota.

15.7 Environmental implications of using waste CRT glass in new CRTs
The following environmental benefits arise from using waste glass in the manufacture of new CRTs.
•
•
•

Less energy is required to melt waste glass than raw materials (none of the manufacturers currently using waste
glass had quantified these energy savings, but for estimates see section 6.5 above)
The environmental impact from mining and processing raw materials is less. (None of the manufacturers using
waste glass was prepared to disclose the company’s ‘recipe’ for manufacture and it is therefore not possible to
quantify the materials substituted and the resulting environmental benefits.)
Less transport energy is required if the waste glass is sourced locally. Some of the raw materials used in glass
manufacture are imported from large distances.

15.8 Conclusion and recommendations
There is good potential for using significant amounts of post-consumer waste glass in the manufacture of new CRTs. In
the UK alone, the current demand for waste panel glass for the manufacture of new screens amounts to some 10% of
total UK CRT glass arisings. There is a similar level of demand (8 to10% of arisings) across the whole of the EU (15
existing member states). This demand covers both panel and funnel glass and could increase over time to as much as
20% of arisings across the current 15 EU member states if it proves technically feasible to use the high levels of cullet
currently proposed by one manufacturer. According to both Schott and NEG, one of the main barriers to using waste
CRT glass at the moment is lack of supply. It is therefore important to raise awareness among WEEE processors and
end-users of the potential demand for waste glass for this application. Further work with glass manufacturers may also
be needed to explore the technical limits for incorporating post-consumer waste cullet in new glass.
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16 Flux in smelting
Smelting operations which use sand as flux could potentially use waste CRT glass as a substitute. This is the fifth
application for waste CRT glass which was investigated in detail in this project.

16.1 Method
To investigate the potential for using CRT glass in metal smelting, ICER carried out a literature search and held
discussions with the Lead Development Association, the International Zinc Association, the Non-Ferrous Association and
the European Copper Institute. Smelting operations of different types were then visited to understand the opportunities
and barriers to using CRT glass in specific operations. The environmental and economic implications of using CRT glass
in smelting were explored, along with potential capacity for using CRT glass across the EU.

16.2 Overview of potential for using CRT glass as flux in metal smelting
Smelting is a high temperature process in which molten metal is separated from the impurities in metal-bearing material
and recovered. Primary smelting extracts metal from ores or concentrates and secondary smelting recovers metal from
scrap material. Most smelting operations use a fluxing material to fuse with impurities and form a liquid slag. This helps
in the extraction of the metal.
In smelting operations which use sand as flux there could be potential to substitute CRT glass for all or some of the
required sand, provided that the metals contained in CRT glass, particularly lead, are compatible with the process and
can be recovered. When considering the use of CRT glass in smelting it is also essential to ensure that the chemical
composition of the resulting slag (which is where the bulk of the CRT glass will end up) is such that it can be used in
new applications, e.g. construction aggregate. The weight-based recycling targets for equipment containing CRTs set by
the WEEE Directive will only be met if the slag and therefore the glass itself can be recycled for use in other applications.
Metals can be considered in three broad groups — ferrous metals (iron and steel), non-ferrous metals (such as copper,
lead, zinc) and precious metals (such as gold, silver, platinum and palladium).
16.2.1 Ferrous metal smelting
There is no potential for using CRT glass in the smelting of ferrous metals since neither iron nor steel smelting uses
sand. Silicon is a contaminant to steel and the steel smelting process is designed to reduce levels of silicon in order to
keep the steel ductile.
16.2.2 Copper smelting
Primary copper smelters have, in principle, the potential to take CRT glass because they require substantial silica inputs
and can in most cases tolerate lead input. Silica is used to flux iron oxide. The amount of silica needed is determined by
the amount of iron in the infeed. Primary concentrates typically generate 1 tonne of slag (at approximately 30 to 35%
silica) per tonne of concentrate. If the flux contains other oxides reporting to the slag, the amount of slag may increase.
The lead, along with other volatiles, reports mostly to air pollution control dusts which can then be processed in a
further smelting operation to recover the lead. Some secondary copper smelters can take CRT glass, but only those that
use silica and that also have the capability to recover lead. Because of the copper contained in the yoke of a CRT, this
part of the CRT is an attractive feed for a primary copper smelter and for those secondary copper smelters that are in a
position to recover this material. Companies that would compete for the yoke material include Boliden (Sweden),
Umicore (Belgium), Metallo-Chimique (Belgium), Norddeutsche Affinerie (Germany) and Noranda (Canada). All except
Norddeutsche (which does not use large quantities of silica) could also, in principle, deal with the CRT glass.
16.2.3 Lead smelting
Primary lead smelters could also be an option for CRT glass since they recover lead and may use some sand as flux.
However, high levels of lead and other heavy metals in the slag from primary smelters may prevent the slag being used
in other applications. There is no benefit from processing CRT glass in secondary lead smelters since these largely do
not use sand as flux. Introducing CRT glass would increase energy requirements and could increase the volume of slag
produced. This, because of its hazardous content, must then be landfilled.
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16.2.4 Zinc smelting
Modern furnaces use electrowinning technology which is not appropriate for CRT recovery since they do not require
silica to control slag chemistry and viscosity. Adding CRT glass would impose an energy penalty, dilute the feed and
increase the volume of slag. The recovery of lead would be limited, with much of it reporting to the leach residue.
The older type of zinc smelter — known as an Imperial Smelting Furnace (ISF) — employs a conventional blast furnace
approach. This type of furnace uses silica and could recover lead from CRT glass while making beneficial use of the glass
to replace mined silica. However, the metal content of slags from this type of smelter are usually too high for it to be
used in secondary applications such as aggregate. This is because the costs of treating the slag to bring metal levels
down to acceptable limits would make the whole operation uneconomic. Four ISF smelters around the world have
already closed this year because they are uneconomic to run compared with the electrowinning processes.
16.2.5 Precious metals smelting
Lead is a by-product of precious metal smelting and can therefore be recovered from CRT glass in the smelting process.
The glass itself can partially substitute for bought silica used as flux but is not a perfect substitute because its silica
content is lower than that in the sand normally used. Precious metal smelting is, however, carried out on only a small
scale compared with other smelting operations such as copper.

16.3 Case studies relating to use of CRT glass in smelting operations
Each smelting operation is unique. Smelters dealing with similar in-feed may have different types of furnaces and
operate different processes: they may therefore have very different capabilities for processing CRT glass. In order to
assess EU capacity for using CRT glass in smelting operations it will be necessary to explore the technical and economic
issues with individual smelting operations. It was not possible to do this within the scope of this study so the following
smelters were selected as case studies.
16.3.1 Boliden, Sweden
Boliden’s Rönnskär smelter in northern Sweden processes copper and lead concentrates as well as copper and leadcontaining scrap material. Its main activity is copper smelting and Rönnskär processes some 700,000 tonnes of
concentrate per annum. Lead production is smaller. The ‘Kaldo’ furnace used for lead has a capacity to process 80,000
tonnes of infeed per annum. Only 50,000 tonnes of this comes from lead concentrates. The remaining capacity is taken
up with electronic scrap which can be processed in the same furnace (though in a separate campaign) and is more
profitable to process. Rönnskär’s main products are copper, lead, gold, silver and zinc clinker.
Boliden already treats some CRT glass at Rönnskär but does not take CRTs on their own on a commercial basis. CRT
glass is taken largely because it accompanies higher value material. Boliden is, however, evaluating the technical and
economic implications of offering a recycling service for CRTs and is therefore processing them for testing purposes.
There are two possible routes for processing CRTs at Rönnskär — through the copper smelter with copper concentrates
or through the lead smelter with lead concentrates.
Processing CRTs with copper concentrate
The Rönnskär primary copper smelter uses more than 50,000 tonnes of silica sand per annum. Crushed CRT glass can
be used as a substitute for silica sand but, because CRT glass is on average only 50% silica, some two tonnes of CRT
glass are needed to replace each tonne of sand. This creates more slag which, in turn, reduces the profitability of the
smelting process. This is partly because more copper is lost in the slag as the volume of slag increases and partly
because the greater the volume of slag the more it costs to treat it. Although slag from the smelting process is sold as
an aggregate for construction purposes, its sale value does not fully offset the costs of cleaning it to the standards
required by the Swedish EPA.
In the copper converter, nearly all of the lead is evaporated during the smelting process. It is recovered from the
process gases by treatment in several stages. Most of the metals in the process gases, including the lead which by then
has re-oxidised, are captured as dust by the filter system. Boliden reports that 99.9% of the lead that follows the
process gases is trapped by the gas cleaning process and independent calculations indicate 99.2% is collected43. The
filter dusts are then sent for further processing to recover lead, zinc and precious metals. Until last year dusts from the
Rönnskär plant went to Britannia Zinc in the UK. This ISF plant has now closed and Boliden is currently exploring other
options for recovering metals from the dust.
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Any lead which has not been evaporated is deposited in the slag. Some 300,000 tonnes of slag are produced by Boliden
each year. This is marketed as Iron Sand for use in the construction industry. Its lead content is less than 0.03%.
In order to use the slag as aggregate in the construction industry it must first be treated to reduce heavy metal content.
The liquid slag is formed at a temperature of 1200C and is then poured into the fuming plant. Carbon and air are used
to reduce residual zinc and lead oxides to metal which is then fumed off at temperatures of around 1400C. On leaving
the plant, the vaporised metals immediately re-oxidise and are collected in the filter dust. The refined dusts are sent for
zinc recovery at Bolden’s Norzink smelter in Norway. The clean slag is then poured into a settler furnace where
remaining copper alloy droplets and copper sulphide droplets settle out, leaving slag on top. This is removed and shockcooled using large quantities of water so that it forms granules which have a molecular structure similar to glass. This is
important because it is less likely that any heavy metals remaining in the slag will leach out from slag which has this
‘close’ structure, rather than a crystalline structure.
The slag product from the Rönnskär smelter is marketed under the name Iron Sand. It is a black, coarse-grained
vitreous material which is used as a filler in road construction and house foundations and it replaces natural gravel
resources. Iron Sand has a lead content of approximately 0.5%. Its composition is currently being tested for certification
by the Swedish EPA.
Initial estimates are that up to 25,000 tonnes of CRT glass could be processed each year in the Rönnskär copper
converter, but a charge would have to be made to cover the additional costs of processing higher volumes of material
and treating higher volumes of slag. Boliden was unable to quantify costs at this stage but indicated that they would be
reduced if only separated panel glass were used in this process.
Processing CRTs with lead concentrate
CRT glass can also be processed with lead concentrate in the Boliden ‘Kaldo’ furnace. This takes around 50,000 tonnes
of lead concentrate per annum. It is, however, an alkaline process in which CRT glass can sometimes be useful (for
example if there is too much magnesium in the in-feed) but for which silica is mostly not required.
Although most of the lead will be recovered from the process gases or the slag, as described above, there is unlikely to
be the potential to use significant quantities of CRT glass in this process. Initial estimates are that between 5,000 and
15,000 tonnes a year could be used and this will vary according to the silica and other mineral content of the in-feed.
Because mixed CRT glass has a relatively low lead content (typically 5%), the additional costs resulting from processing
increased volumes of material and treating increased volumes of slag and other wastes will not be offset by the value of
the recovered lead. It would be more economic to use separated funnel CRT glass (typically 13% lead) in the lead
smelting process. It may also be useful to explore the use of smelting technology to create a dedicated facility for
recovering lead from leaded CRT glass.
16.3.2. Metallo-Chimique, Belgium
Metallo-Chimique operates a secondary copper/tin/lead smelter at Beerse, Belgium. Metallo processes 22,000 tonnes of
scrap and waste material each month to produce 9,000 tonnes of copper anode, 800 tonnes of tin and 2,000 tonnes of
lead ingot. The metals are refined with an iron-silicate slag for which 2,500 tonnes of sand are needed each month. CRT
glass could be substituted for at least 1,500 tonnes of this.
CRT glass has advantages over sand because of its lower melting point, its immediate good fluidity during refining and
the fact that it can be added in any ratio to the slag without risk of forming a high melting point transient. However, for
small, ‘in-process’ adjustments to the silica content of the slag, sand is preferred because it can be pneumatically
injected without losing furnace time for charging.
The CRTs are ventilated and removed from their plastic casing before arriving at the smelter. Metallo then uses the
whole CRT, complete with iron and copper yoke (unless this has been previously removed because of its value), in the
furnace. The glass is not crushed but is broken into large pieces by being transported and unloaded. It is charged to the
furnace together with scrap in the ratio of 5 tonnes of glass per drop.
Metallo has a daughter company — Elmet — in Bilbao which operates a similar process and has a similar capacity to use
CRT glass.
Metallo says that the lead from CRT glass is almost fully recovered. At the end of the refining process the resulting slag
is granulated to a size of 2 to 4mm and marketed as Metamix. It is similar in appearance to the Iron Sand produced by
Boliden. Metamix is allowed by OVAM to be used by the construction industry in the local Flemish market as a substitute
for gravel. This slag contains the full silica content of the CRTs.
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16.3.3 Umicore, Belgium
Umicore’s core business is precious metal smelting but it also processes copper, lead and nickel containing materials. It
has the technical capability to recover lead from CRT glass and has done so in the past, partly for goodwill. It does not
currently take CRT glass on a commercial basis because CRT glass adds volume, and therefore cost, to the smelting
process. Although Umicore uses sand as flux, CRT glass is not a perfect substitute because of its lower silica content.
Umicore believes the amount it would need to charge would make it uncompetitive with other options for CRT glass such
as landfill. It was unable estimate what the charge might be.
Before entering Umicore’s lead blast furnace the CRT glass must be crushed to fist size pieces (no smaller because of
the dust). Copper-bearing material associated with CRTs is welcome, as are precious metals in the circuit board or glass
coatings. The smelting process produces a slag which has a lead content of less than 0.5% and which is used in the
fortification of dykes and road construction. It has undergone a series of tests by the Flemish EPA and is certified
accordingly.
Umicore confirmed that it has capacity to process CRT glass but that capacity will vary according to other material in the
in-feed. Umicore processes 250,000 tonnes of material per annum and has made an initial estimate that some 25,000
tonnes of CRT glass could be taken each year. It was unable to give any indication of costs at this stage but thought
that they would be lower if it received separated funnel glass, rather than mixed CRT glass.
16.3.4. Norddeutsche
Norddeutsche has a primary copper smelting facility and associated lead smelter in Hamburg — Norddeutsche Affinerie,
Germany — and a secondary copper smelter — Huttenwerke Kayser — at Lunen, also in Germany. The Norddeutsche
copper smelting process requires only small amounts of silica. The company perceives its capacity to take CRT glass to
be very limited. Its main interest in CRTs is to obtain the copper bearing yoke. It has no facility to cope with the glass.
Norddeutsche produces a slag which the German authorities deem fit for use in maintaining riverbanks. Its lead content
is less than 0.5%.
16.3.5 Britannia Refined Metals, UK
Britannia Refined Metals, now owned by Xstrata Zinc, operates a lead refinery in Kent which processes bullion smelted
from ore in Australia. There is no primary lead smelting in the UK. Silica is not used in the refining of lead, though it is
used in primary smelting. However, although CRT glass could in principle be used to substitute for sand in the primary
smelting process, levels of lead in the resulting slag are typically 6 to 7%. According to Xstrata, it is not normally
economic to treat the slag in order to reduce these levels.
16.3.6 Britannia Zinc, UK
Until 2002, Britannia Zinc operated an Imperial Smelting Furnace (ISF) at Avonmouth. This facility processed zinc and
lead-containing concentrates as well as recovering zinc and lead from secondary sources such as the filter dust produced
by Boliden.
In an ISF process, sulphidic concentrates of lead and zinc are first sintered. The sinter is then smelted at high
temperatures to separate lead, liquid slag and gaseous zinc. CRT glass could substitute for the sand used in the smelting
process but the resulting slag is likely to contain high levels of zinc and lead which could limit its use in secondary
applications.
16.3.7 H.J. Enthoven, UK
Enthoven is the UK’s only remaining secondary lead smelter. Its process does not offer a viable option, either to recover
the lead from CRT glass or to recycle the glass in a useable slag.
Enthoven’s in-feed is largely lead acid batteries (90%) and therefore contains large amounts of sulphuric acid. It uses
sodium carbonate rather than sand as flux and smelting is carried out at 900 to 1000C. If sand or CRT glass were to be
introduced, smelting temperatures would have to be increased. This would increase energy consumption and be difficult
to achieve in Enthoven’s rotary furnace which has been designed to operate at lower temperatures.
A second reason why Enthoven’s process is unsuitable for CRT glass is that it would not recover much of the lead from
the glass. Enthoven estimates that if CRT glass containing 5% lead were put through the smelting process, at least 50%
of that lead would remain in the resulting slag.
A third reason why CRT glass could not be used in the Enthoven process is that the process produces a hazardous slag
that could not be used in secondary applications and must be disposed of in hazardous landfill sites. Because of the high
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concentrations of sulphur-bearing material in the in-feed, secondary smelters such as Enthoven are keen to fix sulphates
in the slag to reduce emissions of sulphur dioxide. The resulting alkaline slag contains iron, sodium and lead sulphide, is
estimated to contain 3 to 5% lead and must be disposed of in hazardous landfill sites.
16.3.8 Britannia, UK
Until early 2003, Britannia operated two secondary lead smelters in the UK, one at Britannia Refined Metals in
Northfleet, Kent, the other at Wakefield, West Yorkshire. Britannia had been considering using CRT glass in its processes
to provide silica and produce slag that would pass leach tests and satisfy the requirements of the new Landfill Directive.
Initial tests had shown that operating temperatures would not need to be greatly increased and the existing rotary
furnaces would be suitable. However, the resulting slag would still have gone to hazardous landfill sites. Therefore this
method of processing CRTs would not have contributed to the recycling targets of the WEEE Directive. Moreover, both of
the secondary lead smelters operated by Xstrata in the UK have now been closed.

16.4 Amount of CRT glass that could potentially be used in smelting
16.4.1 UK
The UK has very limited metal smelting capability. There is no primary copper production and only a very small amount
of secondary smelting (one company in the Midlands). There is no primary lead smelting in the UK. There is only one
lead refiner and one remaining secondary lead smelter (Derbyshire). There is no zinc smelting capability — Britannia
Zinc’s Imperial Smelting Furnace at Avonmouth closed last year. There is some precious metal refining capability but this
is small. Apart from this, there is no potential for using CRT glass in smelting operations in the UK.
16.4.2 EU
The main opportunities for processing CRT glass are in copper smelting (primary and secondary), primary lead and zinc
smelting (in an ISF furnace), and precious metals smelting.
Copper
Both primary and secondary copper smelting facilities have potential for using CRT glass and there is significant copper
smelting capacity in the EU. The main facilities include:
•
Boliden, Sweden
•
Outokumpu, Finland
•
Norddeutsche Affinerie, Germany
•
Huttenwerke Kayser, Germany
•
MKM, Austria
•
Elmet, Spain
•
Rio Tinto, Spain
•
Cie Generale du Palais, France
•
Enirisorse, Sardinia
•
Metallo-Chimique, Belgium
•
Umicore, Belgium
Initial estimates are that 90,000 tonnes of mixed or separated CRT glass could currently be taken by four of these
facilities between them (Metallo, Elmet, Boliden and Umicore). It is not possible to gross up from this to estimate
capacity for the copper smelting industry as a whole, since operations can differ dramatically. Norddeutsche Affinerie, for
example, though a major copper producer, has no capacity for handling CRT glass.
Total potential capacity in copper smelting, however, is likely to be much greater than this. Across the current 15 EU
member states, smelter production of primary copper is 1.5 million tonnes. The new EU states will contribute a further
700,000 tonnes. Boliden estimates that total demand for silica is likely to be in excess of 500,000 tonnes if typical copper
concentrates are processed. This would equate to 250,000 tonnes, assuming CRT glass contains 50% silica.
Lead and zinc
According to Boliden, primary lead production capacity in the EU is approximately 400,000 tonnes per annum. There are
three remaining ISF furnaces in the EU (though one is under threat of closure) and a fourth facility in Poland. Boliden
estimates that there is a potential to use some 70,000 tonnes of CRT glass in primary lead production. It is essential to
establish, however, that the level of lead and other metals in the resulting slag is sufficiently low to allow the slag to be
used in secondary applications. This could be achieved by sending slag for further treatment by other smelters who have
the technology and capacity to treat and clean slag generated by other smelting operations.
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16.5 Environmental impact of using CRT glass in the smelting process
Provided the lead is recovered, there is no additional environmental impact of using CRT glass in smelting rather than
using sand. In fact, energy requirements may be reduced because CRT glass requires less energy to melt than sand.
The only adverse environmental impact could be energy used in transport (depending where the CRTs are processed).

16.6 Conclusion and recommendations
The use of waste CRT glass as flux in smelting operations is an important application for waste glass, particularly for
funnel glass, which contains lead. Recycling options for funnel glass are limited to the manufacture of new funnel glass
and use in smelting operations. The European smelting industry has the potential to use significant quantities of CRT
glass but further work is needed to assess the capacity of each individual smelting operation. It will also be important on
a case-by-case basis to ensure that the lead in CRT glass is largely recovered and that the resulting slag can be used in
secondary applications. If, however, the coatings on CRT glass have to be removed before recycling can take place (as
indicated by the WEEE Directive), this application would be less economically attractive.
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Separating CRT panel and funnel glass
17 Methods of separation
A literature search was carried out to identify and evaluate possible methods of splitting CRTs and separating shredded
CRT glass. Discussions on the pros and cons of different methods were held with WEEE dismantlers who have either
already invested or are about to invest in separation technology. Information was sought on the nature of the process,
any technical barriers to overcome, costs (both capital and labour) and environmental and health and safety
considerations.

17.1 Approach to separation
There are two approaches to separating the leaded and unleaded glass in a CRT.
The first involves splitting intact CRTs. Although the actual cutting process can be automated, the CRT has to be
manually removed from its plastic casing. Once the tube is split, the funnel section can be lifted off the screen section
and the internal metal masks can be lifted off, exposing the inside of the screen to allow recovery of the internal
phosphor coating. This is sometimes accomplished by using an abrasive wire brush and a strong vacuum system to
clean the inside and recover the coating, with the extracted air being cleaned through an air filter system to collect the
phosphor dust.
The second approach involves shredding whole TVs and PC monitors to produce different material streams, including
leaded and unleaded glass. This is a fully automated process. To recover the coatings, the shredded glass could be
passed into a shot-blasting chamber where the air and dust is extracted for filtration.
With either approach it is critical that no leaded glass remains with the unleaded fraction. This is because there is no
tolerance for lead in the manufacture of new panel glass. The other applications being investigated for panel glass in this
project also require it to be free of leaded glass. There is, however, some tolerance for funnel glass used in the
manufacture of new CRTs to have a small amount of panel glass with it.

17.2 Techniques for splitting CRTs
Six techniques have been identified for splitting intact CRTs. In evaluating these techniques, the following issues have
been taken into account:
•
operator safety — including the risks from sharp/jagged edges, respirable dust, the use of high voltages or
hazardous materials
•
effectiveness of separation — whether the method is capable of making a clean separation between screen and
funnel
•
time taken to separate the glass
•
cost — both initial capital investment and labour costs.
17.2.1 NiChrome hot wire cutting
When a NiChrome wire or ribbon is wrapped round a CRT and electrically heated it causes a thermal differential across
the thickness of the glass. The wire needs to be in contact with the glass surface for approximately 30 seconds. The
area is then cooled (e.g. with a water-soaked sponge) to create thermal stress which results in a crack. When this is
lightly tapped, the screen separates from the funnel section.
One potential problem with the hot wire technique is the risk of sharp edges on the separated fractions. A second is the
difficulty in getting clean separation between panel and funnel glass if the wire is incorrectly placed. To position the
wire, the usual approach is to score the CRT with a diamond glasscutter at the point where the wire is to go. The CRT
may be placed on a suction bed, levelled and spun round against a diamond etching blade. This can, however, make it
difficult to accommodate CRTs of different sizes because of the need to change the height of the etching blade. A third
problem with this approach is that the glass does not always break along the wire line. This is particularly so when
dealing with CRTs of different sizes since larger TVs have thicker glass.
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Many of these technical challenges have been overcome. One company in the UK, the Mann Organisation, successfully
uses hot wire separation in conjunction with other techniques to separate the glass from post-production waste CRTs. It
is now also able to accept post-consumer CRTs.
17.2.2 Thermal shock
The CRT tube is subjected to localised heat followed by cold air. This creates stress at the frit line where the leaded
funnel glass is joined to the unleaded panel glass and the tube comes apart. Because the frit joining the two types of
glass contains high concentrations of lead, care must be taken to clean all lead from the panel glass. This approach has
been successfully used by KoTech in the UK to recover post-production waste glass, and can be applied in the same way
to post-consumer CRTs.
17.3.3 Laser cutting
The laser method works on a similar principle to the thermal shock method. A laser beam is focused inside and this
heats up the glass. It is immediately followed by a cold water spray that cools the surface of the glass and causes it to
crack along the cut line.
Potential problems with the laser approach include reforming of the glass after the laser beam has passed through,
difficulty in cutting thick glass, and sharp edges on the separated fractions. It also uses more power than other cutting
techniques and requires significant capital investment. The technical problems with this technique have now been
overcome.
17.3.4 Diamond wire method
This uses a wire that is embedded with industrial diamonds. The wire diameter is usually very small. A continuous loop
of wire cuts into the glass as the CRT is passed through the cutting plane. The main problem with this approach is that it
is very slow. It also generates dust which needs to be controlled. This research has not identified any companies which
are currently using this technique or thinking of using it.
17.3.5 Diamond saw separation
Diamond saw separation can be undertaken either wet or dry. Wet saw separation involves rotating the CRT in an
enclosure while one or more saw blades cut through the CRT around its entire circumference. Coolant is sprayed on to
the surface of the saw blades as they cut. This is to control temperature and prevent warping. The wet saw method can
produce clean separation without exposing operators to hazard, so long as the CRT is correctly aligned with the saw
blades.
17.3.6 Waterjet separation
This technology is commonly used in cutting many different types of material, particularly metal. It uses a high-pressure
spray of water containing abrasive, directed at the surface to be cut. The water is focused through a single or double
nozzle-spraying configuration set at a specific distance. It is currently being trialled in the US for cutting CRT glass.

17.4 Techniques for separating shredded CRT glass
An alternative to screen splitting is to shred either whole CRTs or whole TVs and PC monitors and then separate out the
different types of glass. The advantage of shredding the whole TV or monitor is that it removes the need for manually
removing the CRT from its casing. If a sufficiently high degree of separation can be achieved, this approach is potentially
more cost effective than screen splitting. It is not yet, however, in commercial operation in the UK because the
separation techniques discussed below need further development.
Three techniques have been identified for separating broken or shredded CRT glass. These are density separation, sizing
and light sorting.
17.4.1 Density separation and sizing
When the whole unit is shredded, the glass is mechanically separated from the other material streams, such as metals,
plastics, circuit board and cable. The next step is to use either sizing or liquid density separation to separate the leaded
glass from the unleaded. Sizing relies on the fact that panel glass breaks into thick flat pieces when shredded but funnel
glass breaks into smaller thinner pieces. Density separation, however, has shown better potential. This relies on floating
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the mixed glass in a liquid medium that has a density between that of the two types of glass. The more dense material
then sinks to the bottom. The density of panel glass is 2.7gcm-3 and the density of funnel glass 3.0gcm-3 44.
A major problem with density separation, however, is separating glass from CRTs of different ages. The density of old
funnel glass is similar to panel glass, i.e. 2.7 - 2.8 gcm-3, and it is therefore not possible to separate the two using
density separation. A second problem with density separation is dealing with combined cullet, i.e. shredded panel glass
which has some leaded frit glass attached to it. The density of this is somewhere between the density of panel and
funnel glass.
Separation of shredded glass by density or sizing is at very best only some 95% effective. An additional process would
therefore be needed to get the 100% separation required if the glass is to be used in the manufacture of new CRTs or
other zero lead tolerant applications.
17.4.2 Light sorting
Other processes involve using UV light, visible light and X-ray fluorescence. In the US, X-ray fluorescence has been
trialled to sort broken pieces of glass but was perceived to have several technical problems, such as being able to
provide only a point or line measurement although it is an area measurement that is needed. Further problems include
the need for consistent spacing between glass pieces as well as potential health risks to operators.
These technical problems may now be overcome in an X-ray glass separator recently developed by UK company S+S
Inspection. This can identify and remove heat resistant glass and lead crystal from a stream of glass cullet. Trials are
needed to find out whether this system can also separate leaded from unleaded CRT glass. A UV sorting systems
patented in Germany45 gives good separation results, but the capital costs of such a system are high, involving specialist
conveyors, multiple spectrophotometers, reject mechanisms, software and individual computers, and may make it less
cost-effective than manually splitting intact tubes.

17.5 Separation of waste CRT glass in the UK
There is very little separation of post-consumer CRT glass currently taking place in UK because the costs outweigh the
price that could be achieved for separated glass. Until the WEEE Directive takes effect, end-users have no incentive to
pay for recycling. Therefore most operations are in the pilot and development stage.
Until this year the only separation activities in commercial operation were dealing with post-production CRTs, mainly
from TVs, for the manufacture of new CRT glass. Companies involved included the Mann Organisation in Ross-on-Wye
and KoTech in Cardiff. The Mann Organisation is now offering to recover glass from post-consumer CRTs, both TVs and
monitors. The Electrical Recycling Company is also offering a commercial service for recycling post-consumer TVs and
monitors by separating the glass to use in the manufacture of new CRTs. Other facilities planned for the UK are a laser
cutting operation and a CRT shredding plant.

44

DEER2 Final Information Report, February 2002, prepared by National Defense Center for Environmental Excellence,
US
45
Schott, 2003 (private communication with ICER)
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Collecting post-consumer waste CRTs
18 Transport and handling of waste CRTs
In order to make recommendations on best practice for collecting CRTs, the following factors were taken into account:
•
the collection requirements for waste electrical and electronic equipment set out in the WEEE Directive
•
the UK Government’s preferred approach to WEEE collection systems, as described in the second stage of
consultation (published 27 November 2003) on implementing the WEEE and RoHS Directives in the UK
•
current practice in storage and transport of waste CRTs for recycling.

18.1 Effect of the WEEE Directive on collection of CRTs
For domestic equipment, it is the Government’s responsibility to ensure collection systems are set up so that
householders can dispose of waste equipment, including TVs and PC monitors, separately from other waste.
Householders must be able to dispose of waste free of charge and member states must ensure that facilities for
separate collection are accessible, taking into account population density and distribution. The directive does not specify
a role for local authorities in providing separate collection facilities, though it is likely that civic amenity sites will play a
key role. Retailers will also have a contribution to make — either by taking back equipment when a new item is sold or
contributing in some equivalent way to the separate collection of WEEE (to be determined by member states).
Producers will be required to pay for the transport of separately collected equipment from central collection points, such
as civic amenity sites or retail park facilities, to authorised treatment facilities for WEEE.
For commercial equipment put on the market after August 2005, either the producer or end-user will provide for
collection and transport of waste TVs and monitors to a treatment facility. For equipment sold before August 2005,
producers will be responsible for collecting equipment on a like-for-like basis when new equipment is sold. If old
equipment is disposed of without a corresponding purchase, it is the end-user who will be responsible.
Separately collected TVs and monitors must go to an authorised treatment operator for treatment and recycling. The
directive requires that collection and transport of separately collected WEEE shall be carried out in a way which
optimises reuse and recycling of either components or whole pieces of equipment capable of being recycled.
The treatment procedure for CRTs in Annex II of the directive specifies that CRTs have to be removed from TVs and
monitors and the fluorescent coatings removed before the equipment can enter the recycling process.

18.2 Effect of UK Government’s preferred approach to implementation
The Government aims to publish draft regulations for implementing the WEEE Directive in the UK by early summer 2004
and to finalise these by the autumn. The regulations will be accompanied by non-statutory guidance on a range of issues
and this may include collection and handling of CRTs.
The Government’s preferred approach to collecting domestic WEEE is to build on the existing waste collection
infrastructure, in particular civic amenity sites. There is unlikely, however, to be a requirement for every civic amenity
site to offer facilities for separate collection of WEEE. This is because some civic amenity sites have physical constraints,
such as insufficient space for additional WEEE containers or not enough manpower to inform and direct the public. The
Government will encourage local authorities to upgrade their civic amenity sites where possible in order to provide
separate collection. To help with this, a fund will be made available (possibly by retailers) and local authorities may bid
for money to finance WEEE collection facilities.
WEEE collection will also involve retailers and community sector groups. Retailers have been asked to consider working
together to provide a nationwide WEEE collection network to complement civic amenity sites. This would involve facilities
at major retail parks.
The Government supports the idea of a national ‘clearing house’, funded by producers, to co-ordinate the transport of
separately collected WEEE to authorised operators for treatment and recycling and collate data on amounts of collection,
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treatment and recovery achieved. Transport is likely to be arranged by producers or compliance organisations acting on
their behalf, and contracted out to waste management companies and logistics companies.

18.3 Current practice in collecting waste CRTs for recycling
18.3.1 TVs
There is very little recycling of post-consumer TVs currently taking place, and therefore only limited experience of
collecting and transporting waste TVs to optimise recycling. The lack of recycling is because those who handle TVs at
end of life — local authorities, retailers and repairers — have no incentive to pay for recycling when disposal to landfill is
permitted and is cheaper.
Electrical Recycling Company is the only company identified by this research that has been collecting waste TVs for
recycling. It has been running a pilot project for over 18 months to research the best methods of separating panel and
funnel glass, and as a result is now able to offer CRT recycling on a commercial scale.
In the pilot, TVs were collected from two local civic amenity sites and in order to split the screen successfully it was
essential that the CRTs arrived at ERC intact. To achieve this, ERC provided specially designed containers for transport.

18.3.2 PC monitors
The recycling of post-consumer PC monitors is also currently limited because it is cheaper either to dispose of monitors
in landfill sites or sell them for export to non-OECD countries.
One company currently sending CRTs for recycling is ESP. It transports waste monitors from the UK for use as flux in
smelting by Metallo-Chimique in Belgium. The CRTs need to be removed from their casings and, because this has to be
done manually, it is important for health and safety reasons to keep the CRTs intact. It also helps the efficiency of the
dismantling process if CRTs arrive in the same condition. Monitors are therefore transported on shrink-wrapped pallets.

18.4 Recommendations for collecting CRTs
Until the Government has decided how the collection requirements of the WEEE Directive will be implemented in the UK,
it is difficult to make recommendations for how to maximise amounts of post-consumer waste CRT glass collected.
18.4.1 Transport of TVs and monitors
CRTs need to be kept intact during transport. This is because for most of the applications investigated in this research
the unleaded glass will need to be separated from the leaded fraction and most treatment operators achieve this by
splitting intact tubes (see section 17). Even if CRTs are intended for shredding, it is also preferable, for health and safety
reasons, to transport the tubes intact. A third reason for transporting CRTs intact is that this ensures that they arrive at
the treatment operator in a standard condition and increases production line efficiency.
To make sure that a CRT arrives intact at a treatment operator it should be kept in its original housing and properly
stacked in a suitable container such as a walk-in skip or wire cage. Shrink-wrapped pallets can also be used and are the
most usual way of transporting end-of-life monitors, but this method creates additional plastic waste.
18.4.2 Transporting separated glass
Separated CRT glass can be transported in normal skips to glass manufacturers although, to prevent contamination from
iron oxide, some manufacturers set specifications for how panel glass is transported.

18.5 Companies offering a collection and recycling service for postconsumer CRTs
Several companies are now offering a service for recycling CRTs and are charging for this. However, the recycling
activities carried out vary considerably.
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In order to provide a useful list of companies able to collect and recycle CRTs, ICER is developing a code of practice to
set standards for CRT recycling, using the findings of this research. Companies will then be able to be accredited for CRT
recycling as part of the existing ICER Accreditation Scheme for WEEE Recyclers and Refurbishers.
The
•
•
•

code of practice will address:
methods of collection — handling, transport and storage, both of whole CRTs and reclaimed cullet
appropriate applications for the leaded glass
the need for mass balance data, a clear audit trail and regular, independent auditing.

The ICER Accreditation Scheme for WEEE Recyclers and Refurbishers was launched in 2001 to enable users to choose
responsible operators, and WEEE processors to prove that they can meet the requirements of the WEEE Directive.
Twelve WEEE processors are currently accredited. Information about the scheme is on the ICER website,
www.icer.org.uk. It is planned to launch the code of best practice for CRT recycling in June 2004. Companies attaining
ICER accreditation for CRT recycling will be listed in the ICER Directory of Accredited Recyclers on the ICER website.
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Next steps
19 Business development plan
The objectives and findings of this research are set out in the executive summary. In essence, five applications were
identified as having the potential to use significant amounts of waste CRT glass. They are:
•
brick manufacture (for panel glass)
•
flux in brick and ceramic manufacture (for panel glass)
•
manufacture of foam glass (for panel glass)
•
manufacture of new CRTs (for panel and funnel glass)
•
flux in smelting (for panel, funnel and mixed glass).

19.1 Disseminating the findings
In order to encourage take-up of these applications, the first step is to ensure that all relevant parties are aware of the
opportunities. To this end, it is important to disseminate the findings of this research to a wide audience, both in the UK
and other European member states. In addition to posting this report on the WRAP and ICER websites and highlighting
the findings in press releases and the ICER newsletter (ICER Update), a seminar will be held in summer 2004 for a
general audience. This will present the findings of this research in the context of the WEEE Directive.

19.2 Encouraging networking
It is also important to stimulate dialogue between suppliers of waste CRT glass and users. There will therefore be a
workshop to bring together producers, WEEE processors and potential users of CRT glass (from other European states,
as well as the UK). This will explore in detail the opportunities thrown up by this research and establish what needs to
be done to overcome technical and other barriers to take-up. It will be an opportunity for small and medium sized WEEE
processors to hear about WRAP’s Recycling Fund which can provide equity investment to help with the capital costs of
setting up facilities to process CRT glass.
This workshop will be arranged once the draft WEEE regulations for the UK have been published.

19.3 Further research
During the course of this project it has become clear that further work is needed to address specific issues. These
include:
•
market research to assess demand for bricks made from CRT glass and a business plan for bringing this product to
market
•
further research to quantify the benefits of using CRT glass as flux in brick manufacture
•
research to confirm that CRT glass can also be used as flux in ceramic ware manufacture and to estimate the
potential demand for CRT glass in this application
•
research into best recycling processes and products for plastics in CRT casings.
A code of best practice to standards for CRT recycling also needs to be developed (see section 18.5) and this is being
taken forward by ICER.
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Appendix 1.
Questionnaire used in survey of WEEE
processors
ICER survey of WEEE processors (dismantlers and refurbishers) in the
UK, March/May 2003
Questions asked on CRTs
1. Do you accept either PC monitors or TVs?
2. How many units and/or tonnes of PC monitors enter your process per annum?
3. How many units and/or tonnes of TVs enter your process per annum?
4. What age are they?
5. If yes, do you:
•
send them to landfill?
•
recycle?
•
refurbish for re-use in the EU?
•
export?
•
other?
Do you pre-process before disposing of CRTs?
If you recycle, what recycling techniques do you use?
Do you process CRT glass in-house or send to a third party?
What is the cost per unit to the end-user?
If you refurbish for re-use in the EU, how many units per annum?
If you export, how many units per annum?
To which countries?
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Appendix 2. Schott’s specifications for
waste CRT glass to be used as feedstock
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