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Abstract

Lightweight aggregates were prepared from ground FRP waste, which had been decomposed in N gas or
air, mixed with clay as a binder and CaCO3 as a foaming agent, and fired at temperatures between 800°C
and 950°C in air. The fabrication of the lightweight aggregates was found to depend on the amount of
char, CaCOs, and the firing temperature. At all temperatures, the samples prepared from the FRP waste that
had been decomposed in N; gas did not yield pore structure required for lightweight aggregates due to a
relatively large amount of char. However, the sample containing a small amount of char prepared from the
FRP waste that had been decomposed in air showed well-developed closed pores at 900°C and 950°C. The
addition of 5 wt% CaCOj resulted in the most uniform pore structure. As the amount of CaCO3 or the firing
temperature was increased, the pore size and its distribution became larger and broadened.
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1. Introduction

Fiber reinforced plastics (FRPs) have been widely used in various industries such
as construction, automobiles, aircraft and fishing boats because of their low weight,
high strength, durability and corrosion resistance. The disposal of FRP waste, how-
ever, becomes a serious problem as the number of FRP products is increasing each
year. FRP, manufactured by laminating polyester resin with glass fiber and fillers,
is known as one of the most difficult materials to be recycled [1].

A number of recycling methods have been proposed and developed for FRP.
There are three types of recycling: a mechanical process that produces ground FRP
by reducing the size of the scrap; a thermal process that employs pyrolysis for ma-
terial and energy recovery; and a chemical process that utilizes decomposition to
recover monomers and fibers [1-6]. Recently, recycling of FRP waste by a cement
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kiln has been recognized as a suitable process that supplies energy and raw materials
for making cement [7]. At present the most common disposal methods are inciner-
ation and landfills because the cost of disposal of waste is relatively low [1, 8].

Incinerated or thermally decomposed products of FRP waste contain mostly
glass fibers, which are coated with char [1, 9]. For the glass fibers to be recycled as
reinforcement, the char must be cleaned. If the fibers are to be used in low grade
insulation, the char does not need to be removed. As an alternative, the incinerated
product can be used in fabrication of lightweight aggregate. The glass fiber can
serve as a material for solid aggregates, and char may provide the high porosity
necessary for low weight [10]. The aggregates must contain closed pores to ob-
tain impermeability. The closed pores are formed within the solid under conditions
that the glass phase is fluid enough to allow expansion of gas bubbles, but suffi-
ciently viscous to retain the bubbles [11-13]. If char can decompose and evolve
gases during a firing process, the closed pores may form in the aggregates. Other-
wise, fabrication of such aggregates requires additives for control of glass viscosity
and gas evolution.

In this study, lightweight aggregates were prepared using decomposed product
of the scrap of glass fiber containing FRP waste. The effects of residual char and
CaCOs3, a foaming agent, on fabrication of light weight aggregates were investi-
gated.

2. Experimental Procedure

Scraps of FRP waste taken from a disused fishing boat were thermally decomposed
in a rotary furnace and used as raw material for lightweight aggregates. The FRP
scraps were fed continuously into the rotary furnace at 500°C under flowing N gas
or air. The decomposed product containing glass fibers and char was ball-milled
into powder form for one hour using a ZrO, ball. The powder was mixed with
2 wt% of clay as a binder to form aggregates and 2, 5 and 10 wt% of CaCO3; (ACS
grade, Aldrich Chemical Co.) as a foaming agent.

Spherical shaped samples of about 10 mm diameter were prepared using a pan-
type pelletizer and were dried at 80°C for 12 h. The samples were fired in a tube
furnace which had been preheated to between 800°C and 950°C in air. The samples
were placed in a Pt crucible, inserted slowly into the center of the tube within five
minutes, and held for 10 min.

The char content in the FRP decomposed in the rotary furnace was determined
with TG/DTA (TG-DTA 2000, MAC Science) at a heating rate of 5°C/minute in air
up to 800°C. The decomposition of the char and CaCO3 during firing was investi-
gated by weight changes of the sample before and after firing. Apparent densities
of the fired samples were measured with a He gas pycnometer (AccuPyc 1330,
Micromeritics). Pore structure of the fired samples was observed with SEM (JSM-
5410, JEOL). The strength of the sample was evaluated by a maximum compressive
load at the point of fracture using a universal testing machine at a crosshead speed
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of 2 mm/min. Average diameters of the test samples containing 2, 5 and 10 wt%
CaCOs3 were 10, 11.6 and 17.1 mm, respectively.

3. Results and Discussion

Figure 1(a) is an SEM photograph of the FRP waste that was decomposed in N>
gas, showing that char remains between glass fibers and adheres to the surface of
glass fiber. The glass fibers in size of tens of mm, which were present as bundles,
were unable to form aggregates. Milling of the FRP revealed that both char and
glass fibers were easily ground into tens of um and a few hundreds of pm in sizes,
respectively, as shown in Fig. 1(b).

TG/DTA curves of the FRP waste decomposed in Ny gas are presented in
Fig. 2(a), showing a strong exothermic peak at 450.6°C due to the combustion of
the char in air. The char content was found to be 12.1 wt%, as indicated by the
weight loss. However, the decomposition in air significantly reduced the char con-
tent by 1.4 wt%. The small weight loss in Fig. 2(b) illustrates that a small amount
of the char remained in the previous decomposition process.

The weight losses of the lightweight aggregates fired at various temperatures are
shown in Fig. 3. Considering the weight losses of the decomposed FRP in Fig. 2
and the theoretical weight loss of 44% owing to the decomposition of CaCO3, the
weight loss of the aggregate sample must increase in proportion to CaCOs3 content.
All samples exhibited such increases in weight loss except those prepared from the
FRP decomposed in Nj and fired at 800°C.

The weight losses of the samples prepared from the FRP decomposed in air
were found to be close to the expected value. For instance, the sample containing
10 wt% CaCO3 showed the weight loss of 5.1% at 950°C, which is close to the
expected weight loss of 5.6%. Since the FRP waste decomposed in air contained
much less char than that decomposed in Ny gas, the weight loss is mostly due to the
decomposition of CaCOg3. However, the weight losses of the samples prepared from

Figure 1. SEM Photographs of the FRP waste: (a) thermally decomposed at 500°C in flowing N, gas
and (b) milled for one hour.
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Figure 2. TG/DTA curves of the FRP scrap decomposed in flowing: (a) N, gas and (b) air.

the FRP decomposed in N> were much less than expected. The sample containing
10 wt% CaCOs yielded weight loss of 9.1% at 950°C in contrast to the expected
weight loss of 15.3%. This indicates that the combustion of the char is retarded
because air flow for the combustion of the char is more difficult in aggregate form
in a short firing period than in powder form. The glass particles, moreover, can
shield the char against combustion when they become fluid and coalesce during
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Figure 3. Weight losses of the lightweight aggregates as a function of CaCO3 content.
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Figure 4. Apparent densities of the lightweight aggregates as a function of CaCO3 content.

firing. If the firing temperature is too low to make the glass phase fluid, escape
of gases evolved from decomposing the char will not be inhibited. Furthermore, it
would result in a large weight loss as mentioned for the samples fired at 800°C.
Figure 4 represents apparent density changes in the lightweight aggregate sam-
ples fired at various temperatures. A decrease in the apparent density with the
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addition of CaCOs3 is associated with an increase in closed pores inside the sam-
ple. Apparent density must decrease in indirect proportion to the volume of closed
pores because the density is based on the volume including the closed pores. The
samples prepared from the FRP waste decomposed in air, which contained small
amounts of the char, resulted in large changes in the density, except for those fired at
800°C. Such change can be explained by the fact that a larger amount of glass phase
compared to the char content effectively entraps the gas bubbles during the firing
process. The addition of 10 wt% CaCOj3 exhibited the lowest density of 0.40 g/cm?
at 950°C.

The formation of closed pores was found to depend on the firing temperature
as well as the amounts of the char and CaCOs3. The closed pores in the samples,
prepared from the FRP waste decomposed in air, can be formed as long as the vis-
cosity of the glass prevents the escape of rapidly evolving CO, gas during firing
[11, 12]. The viscosity for the formation of the closed pores is correlated with a
softening point of the glass. The glass fiber is known to have a similar composition
to E-glass, which has a softening point of 840°C [14]. At 800°C, below the soften-
ing point, the glass phase is still too viscous to form gas bubbles inside the sample,
which results in little changes in the apparent density. At temperatures higher than
900°C, the glass phase becomes fluid to allow expansion of gases but still viscous
to retain the gas bubbles, resulting in well-developed closed pores.

For the samples prepared from the FRP waste decomposed in N> gas, the large
amounts of the char hindered the formation of closed pores, resulting in small
changes in the density with an increase in CaCOj3 content. This arises from the
fact that the glass phase dispersed in the char particles could not totally prevent the
escape of the gases while producing open pores instead.

The fired samples prepared from the FRP waste decomposed in N, gas showed
no significant changes in size regardless of the amount of CaCOs3. However, the
fired samples prepared from the FRP waste decomposed in air exhibited different
sizes with respect to CaCOs3 content and the firing temperature. The samples fired
at 900°C and 950°C showed smooth and glassy surfaces of which sizes increased
in proportion to CaCO3. On the other hand, the samples fired at 800°C yielded a
rough surface and no changes in size, indicating that no glass phase was formed.

The effects of the addition of CaCOs3 and the firing temperature on pore structure
of the lightweight aggregates can be seen in SEM photographs of Figs 5 and 6. All
samples were prepared from the FRP waste decomposed in air. The samples in Figs
5 and 6 were fired at 900°C and 950°C, respectively. The addition of CaCOs3 up to
10 wt% resulted in well-developed closed pores, as discussed in Fig. 4.

The sample containing 5 wt% CaCOs, which was fired at 900°C, shows a rela-
tively uniform pore size ranging from 5 to 10 um with a few large pores as shown
in Fig. 5(a). When CaCOs3 content was increased, the pore size and its distribution
became larger and broadened. In Fig. 5(b), the addition of 10 wt% CaCO3 resulted
in pores in size of about 50 um along with some small pores, as seen in the sample
containing 5 wt% CaCOs3. As the firing temperature was increased to 950°C, the
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Figure 5. SEM photographs of the lightweight aggregate samples fired at 900°C: (a) 5 wt% CaCOj3
and (b) 10 wt% CaCO3.

Figure 6. SEM photographs of the lightweight aggregate samples fired at 950°C: (a) 5 wt% CaCOs3
and (b) 10 wt% CaCOs5.

glass phase became more fluid. As a result, large pores were observed as shown in
Fig. 6(a). The pore sizes in the sample containing 5 wt% CaCO3 were similar to the
sample containing 10 wt% CaCO3 at 900°C, but the sizes in the former were more
uniform than those in the latter. However, the addition of 10 wt% CaCQj3 exhibited
larger pores in size ranging from 50 pum to 80 um, as shown in Fig. 6(b). Small par-
ticles filling some pores were the fragments of the sample which had been produced
in the cutting process.

The strength of the aggregate sample, prepared from the FRP waste decomposed
in air and fired at 900°C, was evaluated by a maximum compressive load at the
point of fracture. Figure 7 shows that the maximum load was rapidly decreased
from 2922 N for the sample containing 2 wt% CaCOs3 to 83 N for the samples
containing 10 wt% CaCOs3. Experimentally, it is known that the strength of porous
ceramics is decreased exponentially with porosity [15]. A decrease in the strength
of the samples with the addition of CaCOj3 coincides with changes in the apparent
density, which are related to the volume of the close pores as shown in Fig. 4.



Downloaded by [Siauliu University Library] at 06:51 17 February 2013

296 S.-M. Sim, K.-S. Kim / Advanced Composite Materials 19 (2010) 289-297

T T T T T T T T T

o}

T
|

3000

2500

2000

1500

1000

T
O
!

500 - -

Compressive Load (N)

1 " 1 L 1 L 1 L 1

2 4 6 8 10
CaCO, Content (wt%)

Figure 7. Maximum compressive load for fracture of the lightweight aggregates fired at 900°C as a
function of CaCOj3 content.

4. Conclusion

Lightweight aggregates were prepared from ground FRP waste, which had been
decomposed in Ny gas or air and fired at temperatures between 800°C and 950°C
in air. The fabrication of the lightweight aggregates was found to depend on the
amount of char, CaCOs, a foaming agent and the firing temperature. Formation of
closed pores in the aggregate samples could be confirmed by the apparent density
indirectly proportional to the amount of CaCO3.

The samples prepared from the FRP waste decomposed in N, gas did not yield
pore structure required for lightweight aggregates due to a relatively large amount
of char. However, the sample containing a small amount of char, prepared from the
FRP waste decomposed in air, showed well-developed closed pores at 900°C and
950°C. The samples containing 5 wt% CaCOs3, fired at these temperatures, yielded
the most uniform pore structure. As the amount of CaCOj3 or the firing temperature
was increased, the pore size and its distribution became larger and broadened.
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