PCB MANUFACTURE:
MAKING TIN STRIPPING

SUSTAINABLE

Manufacturers of printed circuit boards could
soon be able to recover tin, copper and other
valuable materials that are currently dumped
in landfill, according to a new study for the
Sustainable Technologies Initiative.

‘We are going to be
taking existing science
to its limits to deal with
very low concentrations
of metals. The ultimate

aim is to achieve zero
effluent.’
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At a time when manufacturers of printed-
circuit boards are under sustained pressure to
reduce costs, a new study suggests that large
volumes of tin and other saleable materials
could soon be reclaimed from waste instead
of being consigned to landfill.

The study, carried out with support from the
Sustainable Technologies Initiative (STI),
concludes that improvements in technology
could provide an economic way to recover
valuable materials from spent tin-stripping
solutions. The news will be a welcome boost
for an industry that is battling to compete
against low-cost imports while meeting
increasingly stringent environmental
regulations.

Electroplated tin plays a vital role in the PCB
manufacturing process. Used as an etch resist,
the plating protects copper circuitry on the
PCB during etching and is then removed by
stripping solutions commonly based on nitric
acid. As it is not economic to recover tin from
used stripping solution, waste is currently
taken away by chemical supply houses, treated
and sent for disposal in landfill sites.

The STl scoping study was undertaken by Tin
Technology Ltd, who specialise in research,
development and marketing of tin-based
technologies, in collaboration with Intellect,
the trade organisation for the UK information
technology, telecommunications and
electronics industries, and Rohm & Haas, who
supply chemicals for PCB production.

A grant to meet 50% of research costs was
awarded by the STI programme, which aims
to improve the sustainability of UK business.
Funded by the DTI, Defra and three research
councils, the programme supports research to
achieve economic growth and employment
while safeguarding the environment and
conserving natural resources.

‘Regeneration of waste products is increasingly
important to PCB manufacturers because of
forthcoming landfill taxes,’ says project leader
Dr Charles Kerr of Tin Technology Ltd. ‘Our
study shows that sustainable technology could

help the industry to meet environmental
legislation. It could give many firms, especially
SMEs, a chance to remain competitive.’

The study shows there is significant potential
for PCB manufacturers to reclaim valuable raw
materials and lessen the environmental impact
of spent tin-stripping solutions.
Concentrations of tin oxide can reach up to
150 g/l and around 60 g/I of copper is mixed
in with the waste. Although tin is safe, the
copper content is fairly toxic and further
treatment is required before landfill can take
place.

Sustainable technology takes a fresh approach.
The aim is to recover the valuable tin, copper
and nitric acid so they can be re-used. The STI
study concludes that tin will be recoverable,
although it is present in a near-colloidal form,
which makes separation more difficult. A
process of filtration using advanced membrane
technology is likely to provide the best way to
trap the very fine particles. It may be possible
to build on previous research to recover metals,
which was abandoned when PCB
manufacturers switched from tin-lead etch
resists to pure tin several years ago.

Spent acid will be concentrated and recycled
into fresh stripping solution. Reclaimed copper
will be suitable for re-smelting or anode
manufacture. Copper can be recovered from
effluent streams using an electrowinning
process. When not being used to recycle
stripping solutions, an electrowinning unit
can reclaim metals from other electrolytes or
process rinses used in PCB manufacture, for
example as part of a closed-loop system.

‘We are going to be taking existing science to

its limits to deal with very low concentrations
of metals,’ says Dr Kerr. ‘“The ultimate aim is
to achieve zero effluent by developing a
process that will generate little or no waste
and significantly reduce the amount of new
chemicals needed as well as recycle valuable
raw materials.’

A follow-up project, ‘Tin-2-Strip’, is now
planned to take forward the results of the
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‘The STI approach is
Important because
it provides an all-
round package. It
balances protection
of the environment
with the need to
support
manufacturing
industry.’
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Copies of the report, ‘Sustainable
Technologies For Regeneration Of Acidic
Tin Stripping Solutions Used In PCB
Fabrication’ are available from the Tin
Technology Ltd website,
www.tintechnology.com.
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scoping study. A laboratory scale model will be
tested with a range of effluent samples before a
full-scale prototype is built for on-site trials at
PCB installations. Studies involving chemical
suppliers and government will focus on ways
of paying for technology to meet enforcement
of stricter environmental regulations.

The STI study demonstrates that sustainable
technology could play an important partin
helping UK manufacturers of PCBs to compete
in world markets. A further incentive is likely
to be the 1SO 14000 series of environmental
management standards. Customers in
Scandinavia and other parts of the world are
increasingly requiring environmental
accreditation from their suppliers.

Additional project information
and background

How important is PCB manufacturing in the
UK and how much has it been affected by
competition?

PCB manufacturers have been badly hit by
competition in the last six years. According to
a study by Loughborough University,
employment fell by more than 60% between
1997 and 2003, from over 16,000 to 6,400
people. PCB production remains a very
important sector of the electronics industry. In
2003, manufacturers had an estimated turnover
of £0.444 billion.

How is tin used in processing of printed circuit
boards?

Electroplated tin deposits are used as etch resists.

The tin coating protects copper tracks during
etching, after which it is stripped away to expose
the defined copper circuitry. Pure tin replaced
a combination of lead and tin several years ago
in response to growing concern about the use
of lead in electronics. At present, spent tin-
stripping solutions are treated and consigned
to landfill as the cheapest disposal option.

What impact is environmental legislation going
to have?

Environmental legislation is having an
increasing impact on PCB manufacturers.
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Compliance is now estimated to cost the
industry 6 to 8 per cent of total manufacturing
costs. In Europe, Environmental Action Plans
have given rise to increasingly stringent
environmental controls. The Landfill Directive
and Waste Electrical and Electronic Equipment
(WEEE) Directive are among the main
regulations. The Integrated Pollution Prevention
and Control (IPPC) Directive is another key
measure encouraging the adoption of
sustainable technologies by PCB manufacturers.
The introduction of landfill tax has made
landfill disposal more expensive and waste
reclamation more attractive.

How would the filtration process work?
Extremely fine filtration would be needed to
separate the tin oxide particles, which range
from 20 nm to 1 *m in size according to
industrial sources. Technology known as cross-
flow filtration would prevent a tendency for
filters to become blocked, and recent
improvements such as back-washing would
allow filtered particulates to be removed by
washing so that filter cartridges could be re-used.

Where does the copper come from and how does
the electrowinning process work?

Copper is removed as the acid used for tin
stripping etches away some of the underlying
copper substrate. In the electrowinning process,
separation and recovery are achieved by
electrolytic technology. Copper is
electrochemically reduced in solution at a
negative electrode, i.e. electrodeposited. The
process can be applied to a wide range of
electrolytes used in PCB manufacture, including
spent process solutions and rinse waters

Won’t sustainable technology cost PCB
manufacturers a lot of money?

The aim is to make sustainable technology pay
for itself as far as possible. Reclaimed materials
such as copper and tin oxide have many
applications and can be sold, contributing
towards costs of meeting environmental
legislation. The need for increasingly expensive
landfill disposal is eliminated. Savings are also
made by recycling raw materials, reducing
chemical costs and not spending money on
waste treatment. However, the technology will
only pay for itself if large quantities of spent
chemicals are generated. SMEs are likely to need
to find alternative solutions.
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