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Microstructural analysis of sintered brick made of recycled wastes
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Abstract Microstructure and chemical analysis of sintered bricks containing recycled wastes were investigated by SEM
and EDS. The recycled wastes for which substitute ceramic raw materials were EAF (electric arc furnace) dust, fly ash and
stone ash, Yellowish and brownish regions on the surface and brownish and blackish regions in the inside of bricks were
observed. Main component of yellowish region on the surface turned out to be Zn. No chemical difference between the
black-core region and brownish matrix. Mullite crystallites of 1 pm size were distributed in the inside of bricks and
enclosed by glass phases. It seems that alumino-silicate mixtures of kaolin and fly ash were transformed to mullite
crystallites during the sintering. Relatively large pores of several ten tm size were observed in the black-core region in the
inside of bricks. The main components of the inside of brick were Al and Si. The minor components were C, Na, Mg, K,
Ca, and Fe. Particularly, the precipitates of Fe-rich crystallites were observed in the amorphous matrix. These precipitates
were formed due to the local reduction atmosphere in the inside of bricks. Zn-rich covers were found on the surface of
bricks because Zn diffused from the inside of bricks to the surface under the reduction atmosphere.
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Fig. 1. X-ray diffraction (XRD) patterns of the raw materials :

= 7 NN Z ok
2 9o d8e e A AES AXA DA () kaolin, (b) EAF dust, (c) fly ash and (d) stone ash, re-
2E Y98+ XRF(X-ray Fluorescence Spectrometer; spectively.
Table 1
Chemical composition of raw materials (wt%)
Comp. SiO, ALO, Fe,0; Ca0 MgO Na,0 K,0 TiO,
Kaolin 43.14 31.18 2.53 2.71 0.88 0.20 0.39 0.29
EAF dust 545 2.67 42.74 421 0.95 3.28 2.31 0.17
Fly ash 44.65 28.64 4.26 0.87 0.74 0.14 3.62 1.52
Stone ash 66.74 14.89 2.30 1.96 1.05 3.81 5.22 0.28
Comp. P,0, MnO C SO, Zno Cr,0, PbO IgL Total
Kaolin 0.03 0.06 - - - - - 17.8 9921
EAF dust 0.23 2.25 1.07 9.95 0.37 1.16 22.32 99.13
Fly ash 0.24 0.04 15.05 - - - - 0.15 99.92
Stone ash 0.11 - - - - - - 3.57 99.93
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Fig. 2. Morphologies of a brick : (a) yellow region in the sur-
face of a brick (b) black core region inside of brick.
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Fig. 3. Fractographies of bricks : Two different typical microstructures were observed. (a) and (b) micro-crystallites were embeded in
the amorphous phases, (¢) small pores were homogeneously distributed in the brownish area inside of bricks, (d) relatively large
pores were observed in the black core region inside of bricks.
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Fig. 4. Needle-like mullite crystallites were embeded in the
amorphous matrix. This SEM micrograph was taken from the
brownish region inside of the brick specimen.
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Fig. 5. Fe-rich crystallites were precipitated on the surface of amorphous matrix in the inside of brick specimens which were sin-

tered under the local reduction condition :

(a) SEM micrograph from the fracture surface, (b) enlarged image of the box in (a), (¢)

EDS spectrum from the matrix (P2), (d) EDS spectrum from the crystallite (P1).
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Fig. 6. SEM micrographs from the yellowish region : (a) without Zn-rich cover, (b) with Zn-rich cover, (c) enlarged image of (a),
(d) enlarged image of (b).
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