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Experimental study on the stabilization/solidification of MSWIFA by geopolymerization based on secondary aluminum dross.
WANG Kai, WU Xin", LIANG Cai, LIU Dao-jie, LI Jun-hui(Key Laboratory of Energy Thermal Conversion and Process Control,
Ministry of Education, Southeast University, Nanjing 210096, China). China Environmental Science, 2020,40(10): 4421~4428
Abstract: A new method for stabilization/solidification of municipal solid waste incineration fly ash (MSWIFA) by
geopolymerization based on secondary aluminum dross (SAD) that recycled from the production of aluminum is proposed. The
effect of Si/Al molar ratio on the stabilization/solidification of solidified bodies was investigated in the study. When the molar ratio
of Si/Al was less than 2.5, the leaching concentration of heavy metals such as Cr, Cd, Pb, Zn and Cu in SAD-SiO,-based and
metakaolin-SiO,-based solidified bodies decreased significantly and the compressive strength of the cured solidified bodies increased
obviously with the enhancement of the Si/Al molar ratio. When the Si/Al molar ratio exceeded 2.5, the leaching concentration of
heavy metals and the compressive strength of both the solidified bodies tended to be stable. The result of XRD analysis suggested
that the categories and contents of polymers in metakaolin-SiO,-based solidified bodies were slightly higher than SAD-SiO,-based
solidified bodies. However, the disparity between these two sorts of solidified bodies was tiny, which proved that SAD with
silica-based materials could be potential substitutes for metakaolin in order to improve the Si/Al molar ratio and thereby ameliorate
the consequent of stabilization and solidification. Furthermore, the solidified wastes could be applied to be certain construction
materials because the compressive strength of SAD-Si0,-based solidified bodies could be increased to be 13.65MPa.

Key words: municipal solid waste incineration fly ash; secondary aluminum dross; Si/Al molar ratio; stabilization/solidification;
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1.1 R FAL 2R

W AR VR B IR AR R IK(MSWIFA)R AL T 5
AVLIAT B Bk ] (i, X 5+
30),SAD SRAE T2 B4 HEAT 7 i 1) (d<150um), &
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S0 JEUR LR TR ST 5 I 5 TSR ) ) 44 27 2 R
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£ 1 MSWIFA. SAD. S+ % SiO, MARBILFERSD (Wt.%)
Table 1 Chemical composition of MSWIFA, SAD, kaolin and SiO, powder (wt.%)
2% Si0» ALOs K>,O Na,O CaO Fe;O3 P»,0s SO3; MgO oA
MSWIFA 6.9 3.03 7.55 2.45 52.33 2.31 3.76 12.99 1.72 6.96
SAD 13.64 56.13 2.29 7.53 0.98 0.67 0.03 0.47 n.d. 18.26
el 46.18 40.46 3.76 0.096 0.54 4.332 0.106 0.089 0.322 4.115
Si0, BIAR 99.43 0.50 n.d. n.d. n.d. 0.03 n.d. 0.04 n.d. n.d.

Emn.d o AR, N 2R .

MR 1 A LUE 1, K KH CaO & & b2k
52.33%, 1% 3= B T A0 H A B R R e N T R
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FHSE 0 B IR RE S A L g 78 K 5

R B MU SR [ AL A& #4J8 Cry Cd. Pb.
Zn % Cu (33 H MR B AERR IS RS Ik 2 6wt %
INF, T B s 3 T A U0 e P R ) 2 5
W] A% (1) Bt Hs i B 25 25 18 T < Ja 1) A [ 4 2k
e SIS AR 0 TS 7R RIS I 6wt %.
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oA AL O; IR¥E PR JEAS AT HE 1 08 - 75 224

i 700~900°C N4 2h A 0] LUEAL A AT BRIk
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il L3937 800°C mriABbe 2h [ FIAL BE.
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SRR A A B RO, T T A T ORE (1) 4 R
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figt St P PR £ 25 B TR N S 1Y (ICP-OES,
A %5:Optima 8000, L 45 5 Bl 08 R 2 7))
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Table 2 Content of heavy metals after digestion

e it (mg/kg)
Cr Cd Pb Zn Cu
MSWIFA 787 111 2622 4803 950
SAD 14.6 0.04 2.0 5.6 21.4
il 53 n.d. n.d. 2.4 8.7
I PR (ug/L) 0.1 0.01 0.02 0.2 0.02

VI PR >R HICP-OES.
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4 A S, P E AR R BRI, Zn 5
Pb 155 & B i, L8 Cu,Cr A Cd.IbAh, ik
{10 B 4 8 5 SRR, 350 20 4 g SR ARG I 1) A A D
=[] Cr,Zn J Cu.1fi SAD 1E a4 r= i) TV R 57
W A7 /0 G SR A L P Cr 5 Cu 7 AR
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TSR IS AR ] Ak S 56 R 2 AT 5 A Nt
SZIG 5 B HI/T 300-2007" Y HEAT T 42 g v 1 52

P 5 AR R S BE 20mm>x20mm>20mm- 3.
T AR R A RS AR F AR N IRYT 28d M A 5k
50 A b SRR ST AR, AT DA 2 SR MR )
i A A2 B4 SAD-Si0, FE [ 1k 44 (SAD-SiO,-
based SB) 5 fhi i +--Si0, FE [ 4k 44 (metakaolin—
SiO,~based SB).
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Table 4 Composition of matrices at diverse Si/Al molar ratios

JEURL TR ()

Si/Al

SiO, ¥ K SAD i 0
B0 HEBR 9250 JrUbA ) [ A ) B 4 i 0 [ Ak T R 1 1 3246 67.54
15 45.41 54.59
AT
. 2 54.55 45.55
25 61.12 38.88
R3 FEIRMPMEEERHIRE 3 66.25 375
Table 3 Leaching concentrations of heavy metals in main ! 1.40 98.6
] | material 15 20.14 79.86
experlmenta materials 5 32.89 67.11
o] B (mg/L) 2.5 42.14 57.86
] Cr cd Pb Zn Cu 3 49.14 50.86
MSWIFA 3373 3.88 16.43 86.12 28.7
SAD 0.084  0.007 nd. 0.584 nd. 1.3 Wi
s 1 n.d. n.d. n.d. 0.138 n.d. N N
= [ { 3 P %
T o S Jeb 28 J SR G 60 FURSRIE A S

U AR [ FRGB 16889-2008! 1.
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Table 5 Leaching concentrations of heavy metals in the diverse solidified bodies with different Si/Al molar ratios(mg/L)

- - Cr Cd Pb Zn Cu
TR R —— — — — —

e & SAD e & SAD e - SAD i SAD i SAD
1.0 0.253 0314 0.129 0.148 0.469 0.504 7.487 7.921 0.841 0.973
15 0.194 0.276 0.134 0.139 0.224 0.276 4.029 3.724 0.785 0.927
2.0 0.181 0.228 0.092 0.128 0.112 0.232 2.606 2918 0.568 0.832
25 0.123 0.206 0.063 0.106 0.093 0.149 2215 2536 0.453 0.516
3.0 0.105 0.187 0.058 0.107 0.095 0.113 2.132 2315 0.417 0.459

WK 1 frzs,metakaolin-SiO,—based SB H [ H
42 )& Cr,Cd,Pb,Zn,Cu HI¥E A FE I Bl A HE AR ) T
= LI N FK. E 48 Zn,Pb 5 Cu MR IR
I 55 Ak B A2 ) L PR 4 o, 2R R DA B I R
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BT 80%(H1 0.469mg/L %4 0.095mg/L),Cu | &
T 50%( B 0.84Img/L [¥ % 0.417mg/L). & R
MSWIFA J5UKHH 48 Cr 5 Cd R ik g O 4
Wi A2 SEC ) N b B 1 BRAEL, 7E [T S5 T AR
B B R b 0 T s IR S I F 2 8 Zn,
BEE YR I LA 1.0 BEINE 2.5, H ik R
N 7.487mg/L | F%F] 2.215mg/L. 24584 i 1)
LRI 2.5 B, Zn (R AR B TV 2% 5 Zn AH1BL,Pb
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Fig.1 Leaching concentrations and pH values of heavy metals at diverse Si/Al molar ratios
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Fig.2 Effect of Si/Al molar ratio on the compressive strength
of solidified bodies
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Fig.3 Distribution of the fractions of heavy metals in the raw
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