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Resource Recovery and Uses on the Catalytic Decomposition of
Electronic Molding Resin Materials
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ABSTRACT

Electronic molding resin materials including the wastes are produced form electronic
packaging process. Its main component is organic matter and silica, and is a potential and
economical source of the manufacture of fine ceramic and carbon materials. The purpose of
the study is to investigate the effect of catalyst on the thermal decomposition of molding resin
material by a thermal gravimetric analysis technique. The physica and chemical
characteristics of products are also tested. Experimental results showed the thermal
decomposition properties of samples are obviously affected by the addition of catalyst,
especialy for the kind and loading of catalyst. The decomposed products can be used to
prepare the nano-silica and carbon of high surface area. The results of the study can provide
the important information on the resource recovery and uses of molding resin materials, and
also for the other IC electronic wastes.

Keywords Electronic molding resin material, Catalyst, Thermal decomposition, Resource
recovery and uses, Characteristic analysis



1. INTRODUCTION

Over the past two decades, the
electronic packaging industry has grown
very rapidly  worldwide.  Electronic
packaging materials are widely used in the
encapsulation of electrical devices such as
integrated circuits (1C). Electronic packaging
uses resin materials with high silica content
(60-80 wt%), and residual resins generated
during the IC packaging process comprise
about 30 - 50 wt % of the total resin
compounds. The composition of a typical
material used for the IC packaging is epoxy
resin, phenol resin, silica and additives. The
electronic packaging material is
manufactured by melting mixed resins, silica,
and additives, after which it is blended,
cooled, crushed, and formed into a tablet.
Semiconductor chips are sealed with the
tablet. The tablet is molded into IC
packaging using a conventiona transfer
molding machine under  appropriate
condition of curing [1]. The packaging
residues of the molding resin are recovered.

Because the waste has been cured with
a cross-linking reaction between epoxy resin
and hardener in the electronic packaging
process. It is hard to melt and decompose, so
land-fill is the main method to solve the
disposal problem. However, because plastic
materials are essentially non-biodegradable,
land-fill  is  currently  impracticable.
Accordingly, thermal treatment of these
materials by pyrolysis or incineration is
becoming attractive. In recent years, with the
rapid  growth  of IC  packaging,
pyrolysisbased technology has been
considered as a useful approach to solve the

growing quantity of waste. Few studies have
been conducted on catalytic pyrolysis of
resin compounds containing silica, such as
electronic packaging material. This research
investigates the effect of catalysts on the
pyrolysis of electronic packaging material
[2-4].

A resource recovery and uses of
molding resin materials is also developed for
the experimental results. The decomposed
products can be used to prepare the
nano-silica and carbon of high surface area.
These results should be useful for the
pyrolysis or incineration, and recovery uses
in which plastic waste from electronic
components are involved [5-8].

2. EXPERIMENTAL

2.1 Materials

The samples of electronic packaging
material used in the study were supplied by
an electronic packaging mill (Siliconware
Precison Co., Taiwan). High-purity (99.99
%) nitrogen and air gas were used as the
purge and reaction gas. The catalysts used
were CuO, Fe0Os; NixO; and ZSM-5.
Analytical grade hydrochloric and sodium
chloride were used. H3PO, and ZnCl, are
used as chemical activating agents.

2.2 Experimental procedures
The experiments on the pyrolysis

reaction were caried out using a
thermogravimetric  analysis  technique
(Perkin-Elmer TGA7) in a nitrogen

atmosphere [4]. All samples were in powder
form, and the known weight of sample
including resin and catalyst is well mixed.



All experiments were performed under
non-isothermal conditions. The component
of outlet gas during pyrolysis is detected by
TG-Mass.

Preparation of nano-silica from molding
resin wastes, after pyrolysis the resin, the
residual matter and NaOH were boiled in a
flask with constant stirring. The solution was
filtered and the carbon residue was washed
with boiling water. The filtrate is titrated
with HCl. The pH of the solution was
monitored. After aging, the gel was washed
with distilled water repeatedly, and then
dried in a vacuum oven.

To prepare the carbon of high surface
area from molding resin wastes, the

pyrolyzed and base-washed resin is collected.

The known amount resin residues were
mixed, by stirring with a solution that
contained the activating agent (HsPO, or
ZnCl5). The carbonization was carried out in
a horizontal furnace. The pyrolyzed samples
were washed repeated with distilled water,
and then were dried at 110 °C for 24 hr.

3. RESULTSAND DISCUSSION

3.1 Analysis of physical properties
Fig. 1 is electronic micrographs of
products obtained by heating catalytic
sample in nitrogen. Some pores have been
formed when the pyrolysis reaction is
completed. The spherical shape of product is
the molding filler of silicaa The same
structural features had been reported by
Iwasaet a. [9].
The results of XRD analysis of electronic
molding resin before and after pyrolysis are
presented in Fig. 2. Fig. 2(a) shows no

characteristic peaks. However, Fig.2(b) has
maximum a 2 ©® =225 °C, which is
characteristic of silica

Figure 1 Scanning electronic micrographs of
specimens.
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Figure 2 X-ray diffractogram of electronic packaging
materials.

3.2 Effect of catalyst type on the pyrolysis
reaction

3.2.1 Effect of cooper oxide catalyst

Fig. 3 shows the effect of cooper oxide
catalyst on the pyrolysis of specimen.
Experimental results show that pyrolysis
temperature is decreased with increasing
CuO loading. When the sample loading is
1.0 m mol, the reaction temperature is
reached minimally. In addition, the final



residual amounts of sample are decreased
with increasing catalyst loading [10].
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Figure 3 The effect of cooper oxide catalyst on the
pyrolysis properties of molding resin materials.

3.2.2 Effect of ferric oxide catalyst

Fig. 4 shows the effect of ferric oxide
catayst on the pyrolysis of specimen.
Experimental results show that, in the first
stage, the pyrolysis temperature is increased
with increasing Fe;O3; loading. However, in
the second stage, the effect of catayst
loading on the pyrolysis temperature is not
regular. When the sample loadings are 0.25
and 1.0 m mol, the fina pyrolysis
temperature is reached minimally [11].

F j Fe,O; catalyst
\
0.96 — \\\
gc 0.92 — \ AN
-- 0.25mmole N
r --050mmole \
1.00 m mole ‘\ )

1.50 m mole N
== no catalyst B

04 I L I L I L I
400 600 800 1000 1200

Temperature (K)

Figure 4 The effect of ferric oxide catalyst on the
pyrolysis properties of molding resin materials.

3.2.3 Effect of nickelic oxide catalyst
Fig. 5 shows the effect of nickelic oxide

catalyst on the pyrolysis of specimen.
Experimental results show that the pyrolysis
temperature is increased with increasing
Ni»Os3; loading. When the sample loadings
ae 050 m mol, the fina pyrolysis
temperature is reached minimally.
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Figure 5 The effect of nickelic oxide catalyst on the
pyrolysis properties of molding resin materials.

3.2.4 Effect of ZSM-5 catalyst

Fig. 6 shows the effect of ZSM-5
catayst on the pyrolysis of specimen.
Experimental results show that in the first
stage, the pyrolysis temperature is decreased
with increasing ZSM-5 loading. However, in
the second stage, the effect of catayst
loading on the pyrolysis temperature is not
regular. When the sample loadings are 10.0
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Figure 6 The effect of ZSM-5 catalyst on the
pyrolysis properties of molding resin materials.



wt %, the final pyrolysis temperature is
reached minimally [12-13].

3.2.5 Analysis of outlet gas during pyrolysis
by TG-Mass

Fig. 7 shows the result of outlet gas
during pyrolysis by TG-Mass. The main
gases produced during pyrolysis include H,0,
CO, CO,, etc. However, outlet gas of higher
molecular weight and few amounts, which
beyond 100 am.u., are also found.

Figure 7 The component
pyrolysis by TG-Mass.

of outlet gas during

3.3 Preparation of silica ceramic materials
for nanometer grade

The nitrogen  adsorption-desorption
isotherms for silica sample prepared by
burning-only and sol-gel technique, are
shown in Fig. 8. Fig. 8 (a) shows no obvious
hysteresis loop for the burning-only silica
sample. Fig. 8(b) shows a hysteresis loop,
indicating that the nano-silica product is a
porous material. For burning-only silica
sample, the specific surface area of is 2.7
m?/g, the total pore volume is 0.0062 ml/g,
and the average pore diameter is 9.1 nm.
However, for nano-silica sample, the specific
surface area of is 600 m%g, the total pore
volume is 0.62 ml/g, the average pore
diameter is 5 nm, and the powder sizeis 60 —

100 nm[14-15].
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Figure 8 The adsorption-desorption isotherms and
differential pore size distribution of burning-only
silicaand nano-silica.

3.4 Preparation of carbon materials for high
surface area and high porosity

The nitrogen adsorption-desorption
isotherms for carbon sample prepared by
ZnCl, and H3PO, activation, are shown in
Fig. 9. The H3PO, activation isotherm
displays a sharp knee and a narrow loop,
while the ZnCl, activation sample reveals a
broad knee and a more obvious loop. For
ZnCl, activation sample, the specific surface
area of is 1250 m?/g, the total pore volumeis
0.8732 ml/g, and the average pore diameter
is 2.6 nm. However, for H3PO, activation
sample, the specific surface area of is 430
m?/g, the total pore volume is 0.25 ml/g, the
average pore diameter is 2.4 nm [16-18].

4. CONCLUSIONS

Catalytic pyrolysis of electronic
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Figure 9 The adsorption-desorption isotherms and
differential pore size distribution of carbon prepared
from ZnCl, and H3PO, activation.

packaging material in a nitrogen atmosphere
is described. Experimental results showed
that catalyst plays a key role in the
decomposition of electronic molding resin
materials. The advantages include to
enhance the reaction rate, reduce the reaction
temperature, etc. It has been a potential and
economical source of the manufacture of
fine ceramics and carbon materials. The
results thus obtained may be provided as
some of the basic design information needed
for the treatment of molding resin waste. In
addition, the study is also useful for the
resource recovery and uses of plastic waste
from electronic components, thus helping to
solve the disposal and pollution problems.
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