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ABSTRACT

Porous ceramics for water-permeable paving brick was prepared by the sintering of mixed materials comprising of sewage sludge
ash, waste porcelain fragment, waste glaze and low-grade clay at 1,000°C for 2 h, and the physical-mechanical properties, the
permeability and the freeze-thaw resistance of specimens with preparation parameters were investigated. The physical mechanical
properties were increased in specimens while porosity and permeability were decreased with increasing sewage sludge ash content and
sintering temperature at the same waste porcelain fragment size. On the contrary, the effect of waste porcelain fragment size at the
same sewage sluge ash content and sintering temperature on the properties of specimens showed the opposite results. The bulk density,
porosity, compressive strength and permeability (passed charge) of 30A60F specimens with 30 wt% of sewage sludge ash content,
waste porcelain fragment size with 1 ~2 mm and sintered at 1,000°C for 2 h were 2.17, 46.2%, 221 kgffcm” and 3,150 coulombs,
respectively. The permeability was increased with increasing waste porcelain fragment size, however compressive strength was
decreased. The freeze-thaw resistance of 30A60F specimen with 1 ~2 mm of fragment size was superior to that of the other specimens.
The 30A60F specimens can be used for the water-permeable paving brick with the high permeability and adequate strength. The heavy
metals included in the all specimens showed lower than the standard level.
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Table 1. Composition of Starting Materials for Preparation of
Water-Permeable Paving Bricks
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Table 2. Chemical Compositions of Waste Porcelain Fragment, Waste Glaze, Sewage Sludge Ash, and Clay (Wt%)

Component . .

Raw materials 8102 A1203 Ff‘/203 CaO MgO T102 MnO Kzo Nazo P205 L.O.I
Waste porcelain fragment 73.00 19.62 2.05 040 0.48 0.12 0.03 271 0.98 041 0.20
Waste glaze 5930 15.20 3.54 10.89 1.32 0.22 0.01 394 1.36 1.31 291
Clay 5765 15.05 7.93 2.17 241 0.97 0.31 3.39 2.81 0.19 7.12
Sewage sludge ash 5327 17.35 7.98 3.96 2.98 0.93 0.39 3.13 2.88 0.53 6.60
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Table 3. Physical - Mechanical Properties of Upper and Lower Part Specimen with Composition and Sintering Temperature at 1 —2 mm

of Waste Porcelain Fragment Size

Specimens Properties Compositions Bulk density Porosity (%) stre:crjlzgpr(isgfl/\znz) tem;?;?;teurizg(oC)

2.18 48.2 178 950

Upper Part 20A70F 2.25 45.6 214 1000
2.33 39.7 246 1050

1.93 63.5 149 950

20A70F 2.02 554 168 1000

2.08 51.3 183 1050

2.03 574 156 950

Lower Part 30A60F 2.09 48.3 183 1000
2.15 442 198 1050

2.06 53.2 161 950

40A50F 2.20 46.5 189 1000

2.27 424 218 1050

A : Sewage sludge ash, F : Waste porcelain fragment
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Fig. 1. Appearance of 30A60F specimen sintered at 1,000°C for 2 h : (a) upper part, (b) lower part, and (¢) water-permeable paving
brick specimen.
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Table 4. Physical - Mechanical Properties of Water-Permeable Paving Bricks Specimens with Waste Porcelain Fragment Size,
Composition, and Sintering Temperature

Pr ies W, rcelain . . mpressiv interin,
Specimens operte ﬁagr?lsetflt ps?zze(alunm) Bulk density Porosity (%) slre(r::;thp(isgts’/cfnz) tem;?eratureg((’C)

2.08 51.8 151 950

20A70F 2.15 46.6 178 1000

222 423 216 1050

2.15 499 175 950

30A60F <l mm 2.23 41.6 218 1000

2.29 384 245 1050

2.19 40.8 189 950

40A50F 2.35 36.9 234 1000

2.48 327 268 1050

2.03 53.5 155 950

20A70F 2.14 48.6 191 1000

2.19 45.6 212 1050

213 49.5 179 950

30A60F 1~2 mm 217 46.2 221 1000

2.28 39.6 238 1050

2.14 44.5 182 950

40A50F 2.31 38.8 225 1000

2.36 342 244 1050

1.96 56.2 122 950

20A70F 2.01 53.8 148 1000

2.05 48.2 163 1050

1.99 529 134 950

30A60F >2 mm 2.06 49.6 176 1000

2.12 43.2 187 1050

2.07 46.8 167 950

40A50F 2.13 423 183 1000

2.15 35.6 198 1050
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Fig. 2. Variation of charge passed of specimens with waste porcelain fragment sizes, compositions and sintering temperature :
(a) < 1 mm, (b) I ~ 2 mm, and (c) > 2 mm of waste porcelain fragment size.
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temperature : (a) < 1 mm, (b) 1 ~ 2 mm, and (c) > 2 mm of waste porcelain fragment size.
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. 3. Variation of relative dynamic modulus of elasticity of 30A60F specimens with waste porcelain fragment sizes and sintering
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Fig. 4. SEM photographs of 30A60F specimens with sintering temperature at | ~ 2 mm of waste porcelain fragment size :

(a) 950, (b) 1,000, and (c) 1,050°C for 2 h.
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Table 5. Leached amount of Heavy Metals from Water-Permeable Paving Bricks Specimens Sintered at 1,000°C for 2 h with Sewage

Sludge Ash Contents (ppb)

Specimens

Ash 40A50F 30A60F 20A770F Standard of extraction
Element
Cr 038 0.58 0.27 0.30 500
Mn 10.18 16.86 5.78 3.67 2,000
Fe 73.81 231.04 36.55 33.57 2,000
Cu 5.65 1.75 1.51 0.90 500
Zn 5.48 8.62 3.74 0.60 1,000
As 21.22 21.83 13.71 10.16 100
Cd 0.02 - 0.01 - 20
Pb 0.64 0.93 0.12 0.03 200
Mg 500.68 91.17 110.63 398.86 -
Ni 0.55 0.22 0.25 0.05 -
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