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Fig. 1 XRD patterns of phosphoric acid sludge (a)and desulfu-

rization ash(b)
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Table 1 Main chemical compositions of four raw materials

JFEMEL Fe,0, ALO, SiO, Ca0 MgO K0
R 0.48 1.14 473 44.52 1.56 0.32 0.33 21.76
it 26.32 430 14.17 38.93 8.22 0.01 0.07 1.29
Wik 5.65 0.83 212 3223 0.8 3.20 0.80 0.36
it 1.07

Na,0  P,0,

15.73 35.03 36.61 859 0.01 0.30 0.13
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Table 2 Heavy metal contents in four raw materials and MSWI fly
ash

Mkt Pb 7n Cr As Hg
R 4.22 50.95 ND 32.12 0.01
S 1.26 39.75 422.30 8.14 0.17
K 2412.81  192.20 ND 22.57 2.35
LRI 0.06 16.67 ND ND ND
RIS IR 1502.00  2526.00  42.40 28.70 6.46
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Fig. 2 XRD pattern of Baoding MSWI fly ash
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Table 3  Orthogonal experimentof ratios of four raw materials and

compressive strength of solidified matrix

. JEEER L L/ % YU/ MPa
WA BiBLK BRERINA B 3d 74 28 d
Al 28 8 20 44 5.40 15.3 23.3
A2 28 10 26 36 4.19 15.2 24.5
A3 28 12 32 28 3.26  10.8 19.2
A4 28 14 38 20 2.03 6.6 14.8
AS 32 8 26 34 5.25  16.6 21.2
A6 32 10 20 38 4.26  15.7 26.0
A7 32 12 38 18 2.26 9.5 17.3
A8 32 14 32 22 2.70  11.4 19.2
A9 36 8 32 24 3.28  12.0 16.6
A10 36 10 38 16 1.8 8.4 13.5
All 36 12 20 32 2.13  16.9 22.6
Al2 36 14 26 24 0.96 12.0 20.4
A13 40 8 38 14 1.31 6.9 13.8
Al4 40 10 32 18 1.60 8.9 16.7
Al15 40 12 26 22 .11 11.6 22.2
Al6 40 14 20 26 0.85 13.7 23.1
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Table 4

Compressive strength of metallurgically based cement

paste with optimized ratio of four raw materials
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Fig. 3 Effect of the mixing ratio of MSWI fly ash on the com-
pressive strength of solidified matrixes
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Table 5 Effect of MSWI fly ash contents on leaching concentration and immobilization rate of five heavy metals

R FE b CIR FLBRWE (ng - L) 4 [ L %

BAR/ % Zn Cr As Pb Hg Zn Cr As Pb Hg
10 9.6 1.4 1.4 2.3 4.60 99.77 99.98 99.86 99.99 99.01
20 34.6 1.3 6.7 1.3 7.07 99.97 99.98 99. 58 100. 00 99.13
30 7.1 1.5 2.9 2.0 3.10 99.92 99.98 99. 50 99.99 99. 14
40 30.1 1.4 3.9 4.2 5.70 99.82 99.98 99. 62 99.99 98. 80
50 95.7 1.2 3.3 4.7 8.70 99.88 99.95 99. 61 99.99 98.53
60 78.5 2.3 3.8 9.4 8.33 99.99 99. 94 99.59 99.98 98.82
70 8.3 2.6 4.3 25.6 5.08 99.99 99. 94 99.27 99.96 99.38
80 5.1 2.2 8.5 148.0 2.60 99.99 99. 84 99. 44 99.77 99.72
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Fig. 4 Effect of steel slag content in cementitious materials on
compressive strength of solidified matrixes
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Table 6 Effect of steel slag content in cementitious materials on Table 7 Effect of phosphoric acid sludge contentin cementitious
the immobilization rate of five heavy metals

materials on the immobilization rate of five heavy metals

A FC L/ %o Zn Cr As Pb Hg PRI /% Zn Cr As Pb Hg
12 99.99 99. 82 99.54 99. 84 98.76 10 99.99 99.93 99.24 99.98 99.63
22 99.99 99.81 99.68 99.90 99.12 20 99.99 99.97 99.40 99. 87 99. 60
32 99.99 99.93 99.63 99.91 99. 60 30 99.99 99.93 99.63 99.91 99.65
42 99.99 99.92 99.59 99.92 98.35 40 100. 00 99.65 99.63 99. 89 99. 68
52 99.99 99.90 99.55 99.83 99.46 50 99.99 99.80 99. 60 99.94 96. 16
62 99.99 99.90 99.38 99. 87 99.26 60 99.99 99.77 99.45 99.92 93.97
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Fig. 7 SEM images of solidified matrix prepared by solidifying MSWI fly ash with metallurgically based cementitious materials
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Solidification of Municipal Solid Waste Incineration Fly Ash with Metallurgically
Based Cementitious Materials
XU Weihang, FU Pingfeng* , FANG Guiwen, WANG Lianghua

School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China

Abstract; The metallurgically based cementitious materials were prepared by optimizing the mass ratio of blast furnace
slag, steel slag, desulfurization ash and phosphoric acid sludge. The immobilization performances of heavy metals in Mu-
nicipal Solid Waste Incineration (MSWI) fly ash were evaluated by using metallurgically based cementitious materials as
binding agent. The results showed that the compressive strength of cement paste for metallurgically based cementitious ma-
terials reached 35.2 MPa with the mass ratio of blast furnace slag, steel slag, desulfurization ash and phosphoric acid
sludge of 36% :32% : 12% :20% . When the mixing ratio of MSWI fly ash increased from 10% to 80% , the compres-
sive strength of solidified matrix decreased gradually. However, while the mixing ratio of MSWI fly ash was as high as
80% , the compressive strength of solidified matrix still reached 2. 2 MPa, and the immobilization rates of Pb, Zn, Cr, Hg
and As were higher than 99% . The leaching concentration of heavy metals and the compressive strength of solidified ma-
trix well met the requirements of { Standard for Pollution Control on the Landfill Site of Municipal Solid Waste (GB 16889
-2008) ).

Key words: metallurgically based cementitious materials; municipal solid waste incineration fly ash; desulfurization ash;
phosphoric acid sludge ; immobilization of heavy metals
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