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ABSTRACT

The sintering behaviors of the renewed Al,O; ceramics were investigated as functions of the addition amount and parficle size of recycling
Al 05 powder, such as crushed powder of structural Al,O5 ceramics and waste Al,O5 adsorbent, were investigated. Pure Al,O; sample
was fabricated by sintered at 1,650°C for 5h and it was crushed into powdar (<40 um and +40 um in particle size) by thermal shock
treatment and crushing, Then, 10~ 50 wt% of crushed AlLO, powder and waste Al,O5 adsorbent were mixed with pure Al,O; powder and
were subjected to re-sintering to renewed Al,Os sample. The density and the 3-point bending strength increased with increasing the sintering
temperature without regard to the addition amount and particle size of recycling Al,O; powder, and that of the samples at the same sintering
lemperature decreased with increasing the addition amount and particle size of recycling Al,O5 powder. Samples over 200 MPa of 3-point
bending strength were oblained by mixing ~ 30 wi% of crushed AlLO; powder (-40 pm), ~20 wt% of crushed Al,O3 powder (+40 Lum)
and 10 wi% of waste ALOs adsorbent. 5~20 wi% of waste glass powder containing renewed Al,O; samples (or densification were
fabricated by sintered at 1200~ 1650°C for 5h. The temperature of maximum density and 3-point bending strength decreased with
increasing (e addition amount of waste glass powdcr, however, these samples at above 1400°C showed lower density and bending strength
than renewed Al,O, samples. The addition of waste glass powder did not improved the densification of renewed ALQO; sample.
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Table 1. The Experimental Composition of Renewed Al,04 Sample
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Recycling Pow. |  ALO; Powder Crushed Al,Os Waste Al,O; Adsorbent Waste Glass Powder

Sample (PA) Powder (RA) Powder (WA) WG)

P10(P10G0.5~2) 100 - (8, 10, 15, 20

POR1(POR1GO.5~2) 90 10 - (5. 10, 15, 20)
P8R2(G1) g0 20 - (10)
P7R3(P7R3G1) 70 30 - (10)
POR4(PERAGI) 60 40 - (10)
P5SR5(P5R5G1) 50 50 - (10)

POW(POW1G0.5~2) 90 - 10 (5, 10, 135, 20)
PEW2(PSW2GI) 30 - 20 (10
PTW3(PTW3G1) 70 - 30 (10)
P6W4(PoWAGL) 60 - 40 (10
PSW5(P5W5G1) 50 - 50 (10
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Table 2. The Chemical Composition of Recycling Powder (Wt%)
Sanple Component | gioy, | ALO, | Fes0s | CaO | MeO | TiO, | KO | NaO | P05 | Igloss
PA 1.42 95.45 0.33 0.48 045 0.44 0.48 0.40 - 0.55
RA 1.40 95.77 0.16 045 0.39 041 046 0.43 - 0.56
WA 0.12 88.76 0.05 0.04 0.07 0.02 - 0.10 - 10.84
WG 71.40 0.55 0.12 9.32 222 0.13 0.60 14.43 0.34 0.89

A 73k 2948 ICP/MSHP-4500 series, USAYE ©]-&&}]
Mg, Cl, Mn, Fe, Ni, Cu, Zn, As, Cd, B Pbe] Z&&
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Table 3. The Mean Average Particle Size and Particle Size
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Distribution of Recycling Powder (purm) AlZO_«A a-ALO,RE] ol o 9% oALOsS] I B3
Property | Mean Average Particle Size H9IThEig
Sample Particle Size Distribution 12T (Fig. 1(0)).
PA 102 20 3.2 AlHe| 22 =4
RA(A0 pm) 338 3-200 40 umel +40umel RA I WA 2o Hvlgt 27
RACH0 pm) 3 5-250 ezd] }E PR Z PW AHY Ux HHE Fg 29 1}
WA 32.5 3~300 Bt 2Zewrt 718 weEF RA 2 WA BT
WG %3 1-500 27133t 9700 BAglel AR DEE F7He] 1650°C
Table 4. The Leached Amount of Heavy Metals from Waste Al,O; Adsorbent (ppm)
Component | ¢ cd Ph TCr | o He Zn Fe Cu
Sample
Standard of Exlraction 1.5 03 3 1.5 L5 0.005 - - 3
WA ND 0.003 0.194 0.077 ND ND 0.034 0.015 0.004
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Fig. 1. XRD patterns of (a) PORI1(-40 um) and (b) POWI1
sample with sinlering temperature.
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Fig. 2. The density of (2)PR(-40 tm), (b) PR(+40 wm) and (c)
PW sample with addition amount of RA, WA and
sintering temperalure.
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Fig. 3. The bending strength of (a) PR(-40 um), (b) PR
(+40 um) and (¢) PW sample with addition amount of
RA, WA and sintering temperature.
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Fig. 5. SEM photographs of (a) P10, (b) POR(-40 m)1, (¢) P7R(-40 um)3, (d) PSR(-40 um)3, (e) POR(+40 um)l and (f) POW1

sample heated at 1,650°C for S h.
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Fig. 6. The density (a) and the bending strength (b) of PRG and

temperature.

Temperature (C)
PWG sample added in 10 wt% WG powder with sintering

Table 5, The Physical Properties of Renewed Al,O; Ceramics with Addition Amount of Waste Glass Powder and Sintering Temperature

Sample Density (g/cm’) 3-point bending strength (MPa)

Property 1200°C | 1300°C | 1400°C | 1500°C | 1600°C | 1650°C | 1200°C | 1300°C | 1400°C | 1500°C | 1600°C | 1650°C
P10 265 | 283 | 321 3.7 384 | 3.89 67 99 145 222 | 299 | 335
P10G0.5 260 | 282 | 322 | 327 | 320 | 317 69 99 149 153 139 | 127
P10G1 272 | 285 | 325 | 324 | 3.8 315 72 105 153 150 132 | 121
P10GL.5 277 | 2.88 | 326 | 299 - - 81 112 159 117 - -
P10G2 308 | 327 | 285 - - - 118 149 101 - - -
PR 1(-40 pm) 263 | 282 | 318 | 369 | 38 | 388 55 78 121 186 241 | 275
PYR1GO.5(-40 um) 262 | 283 | 319 | 325 | 318 | 313 61 83 127 159 136 | 124
POR1G1(-40 um) 264 | 284 | 323 | 321 | 313 3.09 65 93 143 133 129 | 119
POR1G1.5(-40 pum) 273 | 2.86 | 326 | 289 - - 78 106 149 121 - -
POR1G2(-40 wm) 306 | 324 | 280 - - - 118 145 93 - - -
POR1(-+40 um) 262 | 279 | 315 | 362 | 379 | 388 51 72 111 174 21 | 245
PORIGOS5(+40pum) | 2.63 | 282 | 3.17 | 323 | 31§ 3.06 61 81 123 128 127 | 112
PYR1G1(+40 um) 263 | 284 | 321 | 323 | 312 | 3.04 62 90 130 125 120 | 108
PORIGL5(+40pum) | 2.69 | 2.85 | 325 | 288 - - 75 93 127 113 . -
P9R1G2(+40 pm) 299 | 321 | 277 - - - 108 138 87 - - -
POW1 262 | 281 | 312 | 364 | 379 | 387 50 70 108 170 214 | 241
POW1GO.5 262 | 282 | 315 | 321 | 312 | 3.07 61 74 107 117 108 | 103
POWIGL 265 | 285 | 317 | 321 | 309 | 305 64 79 123 116 112 | 100
PYW1G1.5 267 | 281 | 320 | 282 - - 72 88 121 106 - -
POW1G2 296 | 320 | 2.69 - - - 103 131 82 - - -

A 384 A 12 &(2001)
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(f) POW 1G] sample heated at 1,650°C for 5 h.
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