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Abstract: - We are dealing with the possibility of electronic waste separation by the temperature effect. It gives
a possible direction how to solve the problem of electronic waste growth not only in Czech Republic, but
also throughout the world. Further, we are dealing with a heat transfer inside the printed circuit boards
(PCBs). With the usage of the utilized experience from detail references background research and various
software simulators we achieved the maximum analysis of the problem. The solving, which resulted from the
calculations. The development of new criteria for PCBs recycling has opened new possibilities of treatment

for used materials.
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1 Introduction

The electronic waste is the fastest growing kind
of waste at present. Worldwide it forms up to 5% of
weight of solid domestic waste now, almost as
plastic packages. In the countries of European
Union, where families annually product about 8
millions of tons of electronic waste, its dimension
grows in the rate of 3 till 5% per year, fast three
times faster than total waste dimension. The
developing countries even suppose that their
electronic waste production will treble by the year
2010. Experts estimate that European Union will
have to face up to almost 11 millions of tons of
electronic waste in keeping of electronic sale. Ten
years later will the annual production rise almost up
to 14 millions tons. It is needful to add next 3
millions of tons of electronic waste coming from
organizations and firms [1].

According to the last informations roughly one
milliard of personal computers are used at present.
Independent analytic company Gartner supposes
that number of personal computers will be doubled
in following six years [2].

According to this study the computer sale
worldwide grows in 12% per year. In the growth
calculation is necessary to count on old models
depreciations. As the study presents, this year will
be replaced roughly 180 millions of PCs which will
make 16% of all used systems. The fifth of them
will be totally liquidated then and the rest should be
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used for other purposes, eventually will go to less
advanced countries.

It is supposed that in the Czech Republic there are
in service about five millions personal computers
[3]. It means that by average life expectancy of 4
years is discarded about fifty thousand personal
computers, what means, by average weight of PC
12 kg, 600 tons of recycled material. This fact will
get worse in the process because the number of
people is going up and the product consumption as
well, whereas the usage time of the products is
rapidly cut down. Apparently the most valuable raw
material which is possible to get from electronic
waste, especially from PCBs, are precious metals
[4,5].

The work is simply oriented at the separation way
of PCBs (printed circuit boards) by the temperature
influence on the basis of the different linear thermal
expansion and tenseness in the stress link of the
metal way and plastic material.

Printed circuits create together with electronic
components basis of all electronic units. The
material difference and also its difficult recycling is
given by presence of great of electronic component
ammount [6]. The boards themselfs contain the
ammount of dangerous materials but also precious
metals, e. g. silver, gold, platinum and palladium
(printed connectors, pins).

Appropriate material for printed circuit boards is
laminated insulator-laminate. It is material on the
basis of resin and paper with adequate absorption of
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moisture, middle fortress and good electric
characters. In the field of computer technics and
industry electronics are mainly used primary
materials on the basis of glass fabric and epoxy.

Before the recycling of printed circuit boards it is
necessary to remove all the electronic components

8].

There are several methods which are the most
known: Mechanic removing — grinding

This method is appropriate for selective
separation of only some important components
(diodes, semicoductor triodes, resistors....). It is
implemented by the mechanic removing of pins
from appropriate components by grinding.
A grinding process sounds like acceptable from the
point of view of ecology.The grinding process can
be realized by using of an abrasive belt. In
consequence of so much of heat generation during
the process, the plastic material can agglomerate
with metals, which complicate the process.
Therefore it is necessary an optimal time course of
grinding to find. For this purpose we deal with the
mathematic model of temperature course in PCB
during the grinding process

2. Modeling of temperature field in
PCBs during a grinding process
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After solution of this model is given by temperature
field t1(x,t) in plastic board [14]:
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Figure 2: Dependence of time course of grinding on
quantity of supply heat for @ =5.8-10-6 m*.s™ [11]
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Mathematic model of non-stationary
temperature field of two layers folder

For describing heating process of two layers folder
we used following mathematic model:
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Figure 3: Mathematic model of non - stationary
temperature field for two sheet folder

After solving we obtained an accordance with
A. B.Lykov [12]
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Figure 4: The non-stationary temperature field for
two sheet folder
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Figure 5: The temperature course for variable times
(0;0,01; 0,1; 1; 10; 100s) of heating in the two
sheet folder
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4. Conclusion

We implemented the production study of PCBs
(printed circuit boards) to be able to choose the
right way of separation.

We formulated mathematic models
of temperature course in PCBs during a grinding
process and matehematic model for describing of
temperature fields into two layers board.
The obtained results can be used for finding of the
effective and environmental friendly recycling
method of electronic waste.

List of symbols:
SymbolMeaning Unit
a  temperature conductivity, m2.s1]
a =M( p.cp)
<y specific thermal capacity [Jkg -1 -1
[ length of the ground surface [m]
g heat flow [W.m™2]
t temperature [°C]
x  position coordinate [m]
A heat conductivity wm !l xly
p density [kg.m™3]
T time [s]
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