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a higher proportion of amorphous glassy phase, possibly
originating from the partial melting of the glass fibers during
sintering. Such an increase in glassy phase content could also
enhance viscous flow, promoting local densification and phase
integration.
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Fig. 3 The microstructure of fracture surface of the Type I (reference) samples
3.dbra Az L. tipusii (referencia) mintdk toretfeliiletének mikroszerkezete

In some of the larger pores — approximately 2 to 2.5 um
in diameter - residual elongated fragments with high SiO,
content were identified via EDS. These are presumed to be
remnants of glass fibers that were only partially decomposed or
encapsulated within the ceramic matrix during sintering. Their
persistence suggests that some glass fibers may survive firing
under certain thermal conditions, potentially contributing to
the local SiO; content and influencing mullite formation.
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Fig. 4 'The microstructure of fracture surface of the Type II and
III (GFRE-containing) samples

4. dbra Az IL és 111 tipusii (GFRE tartalmit) mintdk toretfeliiletének mikroszerkezete
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Fig. 5 The XRD pattern of the Type I (reference) samples
5. dbra Az I tipusii (referencia) mintdk rontgendiffraktogramja
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Fig. 6 The XRD pattern of the Type III (GFRE-containing) samples
6. dbra Az IIL és 111 tipusii (GFRE tartalmii) mintdk rontgendiffraktogramja

Sintering 1150 °C 1250 °C 1400 °C
temperature
Type of sample /
Mixture sign
Crystalline content, 410 41,8 40,6 581 61,3 641 749
wt.%
Amorphous content, 59,0 582 594 419 387 359 251
wt.%
Mullite 17,2 24,0 250 37,8 362 42,3 524
Corundum 14,8 10,6 11,0 163 123 16,0 11,2
Crystalline
phases, Tridymte 90 37 38 41 74 13 00
wt.%

Cristobalite 0.0 24 25 00 61 45 0,0

Sillimanite 00 00 00 00 00 00 112

Table 2 Phase compositions of the sintered samples
2. tabldzat A szinterelt mintdk fazisosszetétele
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The results of the XRD measurements are summarized in
Table 2, while representative diffractograms are presented
in Fig. 5 and 6. The effect of sintering temperature on phase
composition is clearly observable in all samples.

At 1150 °C, mullite formation had already begun, with a
crystalline phase contentaround 41% in all mixtures. Increasing
the sintering temperature to 1250 °C led to a significant rise
- by at least 29% - in the total crystalline content across all
three compositions, indicating enhanced crystallization and
sintering activity.

In general, the GFRE-containing samples (Type II and III)
exhibited a higher proportion of crystalline phases compared
to the additive-free reference (Type I) at each temperature. This
may be due to the glass fiber content of the GFRE additive,
which includes amorphous silica that can crystallize upon slow
cooling. As a result, cristobalite and tridymite phases appeared
specifically in the GFRE-containing ceramics, likely formed
from the devitrification of the residual glass.

Mullite was the dominant crystalline phase in all samples,
and its quantity increased steadily with temperature.
The presence of unreacted corundum (a- ALO;) in each
composition suggests that not all of the alumina participated
in the mullitization reaction. Part of the alumina likely reacted
with the tridymite generated during kaolin dehydration, and
with glass-derived silica in the GFRE-containing systems,
contributing to mullite formation.

At 1250 °C, mullite content reached 37.8% in the reference
and up to 42.3% in GFRE-added mixtures, indicating that
this temperature may be optimal for mullite synthesis under
the given conditions. At 1400 °C, mullite formation peaked
(52.4%), and sillimanite appeared in the reference sample,
likely due to phase transitions at elevated temperature.

Overall, these results confirm that GFRE not only supports
mullite crystallization but may also enhance overall crystallinity
by contributing reactive SiO,, while also introducing secondary
silica phases due to partial devitrification of glass fibers.

4. Conclusions

This study demonstrated the feasibility of using mechanically
ground glass fiber-reinforced epoxy (GFRE) waste as an
additive in kaolin-alumina-based mullite ceramic systems.
The following key conclusions can be drawn:

= The incorporation of GFRE powder led to a consistent

decrease in the bulk density of the sintered ceramics due
to the formation of elongated pores, originating from
the burnout of the organic matrix.

= SEM analysis confirmed the development of a more
continuous and interconnected ceramic network in
the GFRE-containing samples, likely promoted by the
presence of amorphous glassy phases derived from the
melted glass fibers.

= XRD results showed that mullite formation occurred
in all compositions and increased with sintering
temperature. At 1150-1250 °C, GFRE-containing
samples exhibited slightly higher mullite content than
the additive-free reference, indicating that the recycled
additive can serve as a reactive silica source.
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= The presence of cristobalite and tridymite in the GFRE
samples, as well as unreacted corundum across all
compositions, suggests that phase evolution is influenced
by both the additive composition and firing conditions.

= An optimal sintering temperature of 1250°C was
identified for promoting mullite formation while
balancing porosity and crystallinity.

Overall, the results confirm that recycled GFRE waste can
be effectively reused in the production of mullite ceramics,
contributing both reactive components and structural
modifications. This approach supports sustainable ceramic
manufacturing and offers a practical valorization route for
difficult-to-recycle composite materials.
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