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Mechanisms of solidification of cadmium in municipal solid waste incineration fly ash

usinga slag cemented backfill agent
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ABSTRACT In cement production the synergistic use of municipal solid waste incineration ( MSWI) fly ash provides a novel ap—
proach to solve the problem of the increasing productions of fly ash and heavy metal ions. In this study slag—steel slag based cementi—
tious material ( referred to as metallurgical slag cementitious materials) was combined with four types of MSWI fly ash for preparing ce—
mentitious materials all of which use sand as a binder. According to the determination of fluidity compressive strength and Cd** leac—
hing concentration of filler samples the following are found: (1) the flow rate of filler material prepared from metallurgical slag and fly
ash is 240—265 mm  which fulfills the pumping requirement of mine filling; (2) the 28-day compressive strength values are > 8. 88
MPa which meets the general mine filling strength requirements ( 1—6. 5MPa) ; and (3) the Cd** leachate concentration is lower than
the drinking water standard of 5 gL ™" limit. The results of X-ray diffraction infrared spectroscopy and thermogravimetry—differential
scanning calorimetry show that the leading hydration products of gelling materials are ettringite Friedel and C—S—H. Furthermore
X-ray photoelectron spectroscopy results reveal that Cd>* has a great effect on the binding energy of AI’*. Eitringite and Friedel salts
are found to have a curing effect on cadmium ions.
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28% 2018 2.5 t
1.7 t 18.6 t; 27.4 .

: 2017-09-06



* 1028 - 40 9
90 t
1
(1 N N
10 ~30a ' N 400 m**kg .
Cd CdO. €dcl, (2) )
Cd( OH) , 400 m>+kg ',
Mo = (w( CaO) + w(MgO)) /(w(Si0,) +
2 w( ALO;)) =1.05>1 K=
. (w( CaO) +w( MgO) +w( AL O,)) /(w(Si0,) +
Co, . w( MnO,) + w ( Ti0,)) =2.13 > 1.2
GB203 — 2008 { »
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(4) :P<042.5
(5)
. 640 m* *kg "'
(6) ( MSWT) 4
( GAT) (L)
NN (5C) ( HB)
14
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2 GAT
1 ( )
Table 1 Chemical composition of the raw materials %
Ca0 cl Na, 0 K,0 S0, $i0, MgO AL O,
GAT 34.96 20. 12 6. 63 4.26 7.97 4.55 2.82 2.18
L 46. 18 15.43 6.26 3.94 3.92 2. 68 1.57 1.05
HB 45.94 12.52 4.24 2.80 5.09 6.58 1.57 2.63
SC 41.61 18. 45 7.18 3.88 6.42 2.66 1.21 0.90
40. 48 0. 06 0.27 0.14 0.28 17.94 9.05 6. 89
38.03 0.05 0.76 0. 48 1. 14 29.42 10. 98 17.10
35.47 0.34 0.03 0.16 37.40 2.07 1.10 1.03
27.04 0. 06 2.17 0.63 0.91 37. 66 13.57 6.53
Fe, 0, 7n0 P,0, Cr,0, Cdo Cr,0, PbO LOI
GAT 0.998 0.302 0. 464 0. 0150 0. 0028 0. 0150 0.0912 14. 00
L 0.595 0. 436 0.329 0.0111 — 0.0111 0. 0693 17.16
HB 1. 660 0. 335 0.529 0.0163 — 0.0163 0.0972 15.41
SC 0.612 0.562 0. 280 0.0116 0. 0048 0.0116 0. 1090 15.78
15.94 0. 005 1. 500 0. 2680 — 0. 2680 — 1.94
0.297 — 0. 026 0. 0076 — 0. 0076 — 0
0.332 0. 006 0.023 0. 0036 — 0. 0036 — 21.97
6.220 0. 008 0.218 0. 0033 — — — 4.60
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4 X 28 d
1 . 1 2.1.2
4 Si0,
Ca( OH) ,.CaO.CaCIOH . 1 GAT X N N X
Ca( OH) , HB L Ca(OH), . .
GAT Ca( OH), HB N N
L Ca(OH), . 30 mm x 30 mm x 50 mm
X
3
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Fig.1 X-ray diffraction patterns of four types of municipal waste in— HJ557 — 2009
cineration fly ash specimens ¢ )
2 4 28 d 3 mm
Table 2 Leaching concentration of heavy metal ions for the four types of 100 g 2L 10L:1
municipal waste incineration fly ash and slag specimens pgeL~! kg.
cd Cr Cu Zn Ph 110 £ 10 min ™' 40 mm
GAT 2600 <10 6800 31700 3030 8h 16 h
L <1 311 126 353 6710
HB <1 159 <7 98 2934
sc <1 179 <7 517 5913 2.2
0.07 6. 59 1.94 6.33 0.32 GB8074 — 2008 {
0.08  8.51 1.90 10.2 11 ( ) )
5 50 1000 1000 10 GB/T2419 — 2005 ( p)
2 :
GB/T17671 — 1999 {
2.1 (1SO ) )
2.1.1 :
. . 24 h 40 °C
15% 4% \67%  14% 80% 70 wm . X
1:4 RigakuuUltima—IV X (Cu
- 40 mm X 15. 406 nm 40 mA 40kV
40 mm x 160 mm 40 +£1C. 90% 10° ~100° 0.02°)

SUPRA 55 SAPPHIRE
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28 d 3
NEXU—670 Table 3  Preparation plan and compressive strength of the filling samples
( FTIR) /mm 28d /MPa
400 ~4000 cm ', X GAT—Y 245 27.43
Kratos Ultra X L-Y 265 8.88
Cd.Al.Si.CaNa.O.Fe.S HB—Y 240 9.04
SC—Y 245 11.95
GAT—P 235 14. 03
( ICP—AES)
3.2
3 Cd2 +
Cd** Cd*
4
L 15% -
4% 67% 14% . 4
1: 4 80% 40 =
1°C.
3.1 MSWI
2
. 1~6.5
MPa 3 MPa \ 0.7 ~ CAT 5
2.5 MPa 3 ~8MPa ’
. GAT CusZn.Cd Pb |
L.HB.SC Ph Cr ; 4 4
180 ~240 mm 250 mm
6 28d
3 4
Y P
’ ! GAT
28 d 240 ~ 265 mm
3 d GAT-Y GAT GAT—P
27.43 MPa 8. 88 MPa
4 28d
Table 4 Leaching concentration of heavy metal ions at 28 d
o, !
GAT GAT—P 235 mm he
GAT—Y  245mm 28d 14. 03 MPa . o Cu Zn ’
GAT—Y GAT CAT <l 4 1" 4 .
L <1 4 7 17 3
3 28.d CAT—Y HB <1 5 12 17 2
‘ SC <1 5 11 12 1
SC=Y .HB—Y L=Y ; 1 CAT—p » 5 , X |
Ca( OH)., L=y, HB=Y, 5 50 1000 1000 10
SC—=Y GAT-Y. T,
3.3 X
C—S—H - 28d X
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Friedel

2 - 28d X . (a) 4 3% ; (b) GAT
Fig.2 Xaay diffraction patterns of municipal waste incineration fly ash-solidified bodies cured for 28 d: ( a) 4 kinds of waste incineration fly ash add-

ed 3% cadmium; (b) GAT fly ash added different mass concentrations of cadmium

GAT 0.1% 3%
5% . 2(b)

2(b)  GAT-0
15.800 18.919 22.939 32.100 40.919
0.307 0.439 0.327 0.491
0.418. GAT—5%
15.820 18.882 22.959 32.302 40.881
0.344 0.226 0.322 0.363 0.437.

cd 3 4 3% 28d
Fig.3 IR spectra of the municipal waste incineration fly ash-solidi-
3.4 fied bodies added 3% cadmium cured for 28 d
3 4 3%
284d . 3 4 ' 1 .
1118.49 cm ™ S—0 603
| em™'  SO;” 0
. 3411.07 1624.15¢cm”~ C—S—H
O0—H . GAT 3600 X
em”™! Ca(OH), O—H X
. GAT 3411.07 1624.15cm ™" Friedel C—S—H
3
C=s—H 3.5
. 1435.40 4 g 3%
em™ €03’ 28d 4
4
451.26 cm ™ Si—0 . 975.02 50 ~ 150 °C 117.8°C
cm”! ' C=S-H = 119.2¢C 123.4C 127.5%C 4

Si—0
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Fig.4 TG—DSC spectra of the municipal waste incineration fly ash-solidified bodies added 3% cadmium cured for 28 d: ( a) GAT; ( b) L; ( ¢) HB;

4 4
(d) SC
4 C—S—H
.SC 294.1<C
11
4
Friedel
. L 863.3C
B- 12
C—S—H

5 GAT

N Friedel

4
Friedel
4.1
350 C
C—S—H
HB 805.6C
. Friedel
28d

5
1 Ca.Si.S

(b)

Fig.5 SEM (a) and EDS (b) spectra of GAT municipal waste incineration fly ash-solidified bodies cured for 28 d

Al
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Table 5 Mass fractions of the relevant elements %

0 Ca Si S Al Cl Cd Na Mg P K

42. 66 28. 40 7.42 6.39 3.93 3.87 3.25 0. 84 1. 89 0.31 1.04
4.2 X 4.2.1 Cd
GAT 6( a) Cd**  GAT
6 GAT 3.7 28d 404. 84 404.95 405
Cd 28 d eV Cd3d Cd

Ccd** Al Cd

6 GAT . (a) GAT i (b) GAT

28d

Fig.6 XPS spectra of GAT municipal waste incineration fly ash-solidified bodies cured at different ages: ( a) cadmium binding energy of the GAT

sample added cadmium nitrate; ( b) binding energy of aluminum in the GAT sample with or without the addition of cadmium nitrate cured for 28 d

Cd
4.2.2 AP’
6(b) 6 28
d cd** Ccd**
Al2p Cd* AP
Ols  Si2p
Al
Cd( OH)
6
Table 6 Core level binding energies of certain elements eV
Al2p Ols Ca2p Si2p
GAT—-0 74.13 532.65 347. 64 101.78
GAT—3% 73.81 532.61 347.49 101. 66
0.32 0. 04 0.15 0.12

. 6
AlY* Ca®" Sit*
Sit*
7. APY
Cd2+ A13+
Cd2+
Albino cd*”
13 . 14 Soif
cd** Ca—Cd

{(Ca Cd), Al(OH), ,}-3S0,+26H,0.
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Fig.7 Schematic diagram of the four ligand isomerization effects of .
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