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ABSTRACT

The feasibility of using the indusirial inorganic waste materials such as lmestone sludge. foundiy sand. coal fly ash, and
chemical glasses as a raw material for cement clinker by melting treatment was investigated. The slag which is ohtained from
thc melts of the mixtures of waste materials is composed of P-C,S(2Ca0 - 810,) and C,AS(2Ca0 - ALG, - 5i0,) phases. The
effect of melting temperature, cooling condition and C/S ratio on the formation of B-C,S phasc was exammned. In order to
obtain the B-C.S phase which is useful in the utilization as a clinker malerial, it 15 found that such considerations as low
melting temperature as possible of the waste mixture, quenching the melis and low C/S ratio of the muxture are necessary.
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Table 1. Compositions of waste mateials (wt %)}

APugea] | AeE | H{FEAL| H{ed
Cal 51.38 3.35 0.10 10.45
MgO Q.71 078 0.033 1.41
Si0, 3.30 51.11 90.36 63.04
ALO, 1.26 27.20 273 4.20
Fe,0; .83 5.51 0.36 0.17
Na,O 0,018 0.43 1.17 14.42
K0 0.20 1.35 1.31 1.27
TiO, G047 1.29 14 (.14
Mo 0.029 0045 0.006 0.01
B0, - - - 4.28
Ig. Loss 4248 - - -

Table 2. Mixing ratio of waste matcrials with various C/S
ratio (wi %).

EEF
No | ao o (724 M@ (A% S
1 61.6 12.8 12.8 12.8 1.0
2 64.0 12.0 120 12.0 11
3 66.4 11.2 112 11.2 2
4 68.4 10.5 10 35 10.5 1.3
5 703 9.9 9.9 9.9 1.4
6 72.1 93 9.3 9.3 1.3
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Table 3. Compositions of wasie mixtures with vadous C/S ratio (wt %).

No. Ca0 | MgO | Si0, | ALO, | Fe05 | Na0 | KO | Tio, | MuO | BO, C/8
1 4623 | 904 | 711 1.00 1.77 2.85 0.87 0.32 0.04 0.76 1.0
2 48.41 | 3736 | 686 1.01 1.76 270 0.84 0.31 0.04 0.71 1.1
3 5065 | 3558 | 6.61 102 1.74 2.57 0.81 0.30 0.04 0.68 1.2
4 5256 | 3403 | 638 1.03 1.72 2.44 0.86 0.29 0.04 0.65 1.3
5 5435 | 1271 | 617 1.04 1.71 2.32 0.77 0.28 0.04 0.61 14
6 5587 | 3151 | 601 105 171 222 074 026 0.04 0.58 15
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Fig. 1. X-ray diffraction patterns of waste mixture (C/S = L.
2) melted al 1370, 1410, 1470 and 1570°C (@; B-C,
S, ¥, C.AS).
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Fig. 2. X-ray intensity ratio of (-C;S(121) and C,AS(211)

at various melting temperature.
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Fig. 3 SEM photographs of waste mixture (C/S =1.2) melt-
ed at (a) 1470 and (b) 1570°C.
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Fig. 4. X-ray diffraction patterns of waste mixture (C/5=1.2)
at various cooling conditions (®; [-C:S, ¥; CAS).
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Fig. 5. X-ray intepsity ratio of B-C,5(T21) and C2AS(211)
at varlous cooling conditipns
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Table 4. EDS analysis of melt slag (C/S=1.2) at various
coolimg conditions

Alomic
Sample Condition Position | Element Percent
Si 36.87

Grain Ca 60.70

., Al 1.23
1370°C, Slow Cooling Si 1210
Maitrix Ca 47.02

Al 13.90

Si 34.78

Grain Ca 63.92

i Al 0.69
1370°C, Fast Cooling Si 36.80
Matrix Ca 42.60

Al 13.01

Si 33.43

1570°C. Slow Cooling | Matrix Ca 3631
Al 27.96

S1 35.03

Grain Ca 62.54

Al 0.84

1570°C, Fast Cooling -

Si 40.16

Matrix Ca 3326

Al 15.83

A 4 9.

Fig. 6¢] SEMAMAE 1370°C 3} 1570°Cel|A] Flato] o
& s WA 24 melFn S #7tel WA
tlele] EDS (Energy Dispersive Spectroscopy) ®41-2- 8] 2}
2312 Table 49} JeIRTh 482w B Wrade] B
Algle] Ale] gHE2 matixe] A B2 &) Cad graml
A goengd graino] -GS 4] matnx?} C,AS Y&
& sloh ARl vEhbR] gEglant Al e T8 w
24 Fig. 60l HolE prain 2ol 27171 2 grame] T2
=7 % b, ole Al S el 2ol WAzl o
AN FRE WAEE 2ol AR W AL
2 AzpEh, 1570°Cell A A EAIZ] Al o] 222 grain ¢
27171 YF Zold EDS $42 37 Relgit.

3 XRD £49 el S5 FHANLEN B,
8 48] BgE =Y 4 e AR s, 24 2
A% A maix 4] B8] A7E T 2R e g, o
AzA M graino| B-C,S He® S ol 2 e &

o] Zojef 71915k Ao 2 AkET) B-C,8 4] FH o

= =

Fig. 6. SEM photographs of rapidly conled waste mixtures
(C/S=12) from (a) 1370°C and (b) 1570°C.
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