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Abstract: It has been shown that the industrial wastes as the sources of silica and alumina can participate in a
geopolymerization reaction. In this research, Bayer red mud and coal gangue is prepared as an geopolymer precursor (RG)
through mechanochemistry-alkali activation, which is used for municipal solid waste incinerators fly ash (MSWIFA)
solidification/stabilization (S/S) to achieve a win-win goal of waste recovery and pollution control. The TCLP tests and
sequential extraction tests are used to evaluate the effectiveness and stability of the geopolymer S/S regent. The XRD,
SEM-EDS and FTIR are conducted for characterization of the geopolymeric S/S solid samples. The results show that more than
99.6 percent of the heavy metal in geopolymeric S/S solid can be immobilized when the RG content exceeds 60%. The S/S
effectiveness decreases in the order of Pb>Zn>Cr>Cd. According to the XRD results, MSWI fly ash can participate in the
hydration process to generate C—S—H and zeolite phase which, together with the geopolymer, enhances the structural stability
and improves the compressive strength of the geopolymeric S/S solid. In consequence, most heavy metals in the geopolymeric
S/S solid are immobilized in the hydration phases and geopolymer structure, transform from the available fractions into the
stable fractions. It is finally concluded that the Bayer red mud and coal gangue-bsed geoploymer i useful in reducing the

availability and leaching of heavy metals in MSWIFA.
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Table 1 Chemical composition of raw martials (%)

FEE NS RM CG Ml M2
Na20O 10.85 0.33 7.26 9.07
MgO 0 0.40 1.30 1.53
Al>O3 20.26 22.21 1.97 2.18
Si02 12.83 45.69 8.22 3.35
P05 0.17 0.12 0.77 0.45
SO3 0.60 3.06 7.25 9.04
K20 0 0 7.10 5.58
CaO 0.87 0.98 33.45 38.64
Fe203 33.39 5.49 1.42 0.69
Cl 0 0 24.45 28.32
FéRE LOI 12.28 19.82 4.07 2.68
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Table 2 Heavy metal pollution characteristics of two FA samples

R/ (mg L)

NE/(mgkg")

HeJE

M1 M2 M1 M2 Limit*
Pb 88.4 1.05x10°  0.08 1.35 0.25
Cr 3.98x10° 385 351 235 4.5
Zn 1.40x10* 8.59x10° 135 972 100
Cd 230 203 1.01  0.76 0.15
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Table 3 Leaching concentrations of heavy metals Pb and Cr out of precursor and blend samples after TCLP tests

. S B E/(mg- L) B A%
HH PNE=R X X
&R e ,if‘ki) AU LR AU LR
7d 14d 28d 7d 14d 28d
Fl 3156 42.07+1.266  10.11+£0.303  KkH AR 26.68 6.41 0 0
o F2 6286 125.8242.150  27.15+1.052 12.16+0.193  1.04+0.055 40.06 8.64 387 033
F3 9416 194.1241.620 41.26+1.280 30.93+0.210  1.84+0.021 41.26 8.77 6.57 0.39
F4 12546 317.20+2.875 41.27+2.326 40.01+1.520 3.98+0.115 50.60 6.58 6.38  0.63
F5 2423 40.08+0.085  9.25+0.127  2.03+0.010  0.51+0.002 45.58 1052 231 0.58
F6 4193 91.76+0.762  11.44+0.085 3.15£0.022  1.87+0.032 64.07 799 220 131
e F7 5963 132.71£1.340  22.30+0.050 12.15+0.650  4.99+0.265 66.85 1123 612 2.5l
F8 7733 213.40+1.265 26.83+£0.140 19.57£0.432 12.69+0.035 84.09 1057 771 5.00

HEJE . XAREZBNEM BH AR BRLAEN U L sl PR IR A R 2 5 R S R0, FURRAE
YRR Tt AL, 74 A sk fE el 22, & IR TR B IR BT 2K . Pb HE LIS
7y AT AR SN E T IR SR B b o b, B R e, S P G RIBUIETE K. 2 Pb ERV
B SRS LRIV U A S RS, AT SE LR Y INESEME] 1.5%8F (F3), LRYEAET AT H
TR S H AT, BE4JE P A Cr 1R BT HEED PbsSiOs MIRTHIE, KU Pb ] LLYER Y
RAHRFEER. S ERUAREARRYESRIIR SR SEEARREA. Cr Samm 2%y (&
HARBIIET 10%. 77528 dJa, SAFEELEPd 2 (b)) FEfLIfES Pb K4l SAifi, 24 Cr ERA9VIN
A Cr R H R E AR T 1% 5% HIME] 1.5% (F7), T RVEAAAAET PAH 30
R8G2 Fif 44 Jz Wb B w704 WK 1. T NayCrO4 (TR, JOERIN S BRI E, fEa
B AR A TRIR sh A BB BRI FrlBE &K Eh-pH %41 F, Cr207 #ALp Cr205 ), 1
BRI, WIRONARGS: THRESMRRES R LR P 5RO R ) Nat B 1 45 S B i
AR GESEONEE, BREAEPESERE, WHA NaxCrOse NaxCrO4 J& T 5 #H, ZAXE G, 55
FEd. MBI () AW, g LR Rl
/ﬁﬂ E(] iJL/Qa F2 }F[] F6 l:l:lﬁ/;(‘&j& Pb }F[] Cr @/{Fﬁ[’;ﬂﬁ% Ei& 1 Hematite (Fe,0;) , 2 Sodium alauminosilicate ( NagAl,Si0;3), 3 Nepheline ( NaAlSiO3)

0

BAR. 5 Crfith, RRWT P ERES AL e LR e L R

- y w - - . s F3-28d e A AL IR G
B R, FIEH RBEER. LRy ESRE N IR = T D rend
E % EL BB RN X e AL F128d] [ A F528d)
Elmttfﬁ”ﬁﬁﬁ#ﬁj‘zﬁbiﬁ?g@ﬁkbﬂ (1 (b VM e
Y Cr BB EET 1%, BT RRSMBRRLESES ol A M e FeIE

R 12 131 o i : ; -

9 Cr 25, KI5 Pb AL, Cr 8 5 M E B4 I e vimecores T e i
ié'ﬁm 10 15 20 25 30 35 40 4510 15 20 25 30 35 40 45
> ° Angle (26) Angle (26)

(a) (b)
2 T B¥AHFBENESE Pb 0 Cr #9 XRD

Fig. 2 XRD patterns of geopolymers containing Pb and Cr
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Fig. 3 Concentrations of heavy metals leaching from S/S solid
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Fig. 4 Development of compressive strength of the geopolymeric
S/S solid samples curing for 7, 14, 28 d
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Fig. 5 XRD patterns of MSWI fly ash and S/S solid samples

PARR SR ) E B IR A . BRIER AN 5K
A FACE AN . R R AR R AR
HARS SRR AP EA. EERIANLLK
TERSTEY (22° ~40° ZIERLEIE) D49, )
XRD HH[LLEH, LREVBE<40%, WA Si JHE
)5 KK 1) CaSO4 [ B AE K C-S-H #Efi, Rk g
T ALRE BT 1 Ca?' ) BiE i CaAl(OH)s-HO; ffi
ELREGBERN, S ALJEANSE SiEE R T E
/‘Fc = ﬁ;&%%i*i %

9 6 & AE M1-3 AT M2-3 iR [RIRS A I 20 40
%‘AHH?:%Jﬁ% 450~470 cm ' F1 960~1005 cm ' {3/ (1)
FRAE U6 43 51 J2 [Si04]* BR[AIO] DY ffifA  Si-O-Si(Al)
IARAR AT A RS H AR BN, H FH SR 2 o e B i
T RS, Bt 8 ARG K, MI1-3 AT M2-3 AL
1) Si-O-Si (AD {45 ¢ 25 ARANIEIL BT INE, FRME
FPAE RUEEARIR SR A M AT e . M2-3 AR 28
RJG Si-O-Si (AD 25 iIRANIER: M1-3 SN, K
M2-3 KA T WIEE A L R B A 45 AR

C-Ofth4i
Si-0-Si(Al)fi4H

M1—3 28 d C-Ofii%s M2-3 28 d

Si-0-Si(AlfHi | [ \sio-sianm

/M‘zisTiﬁ\\""
- \ N\ , ‘/\
M1-37d O\ UV M2-37d 0| ;w\

WAT A N . \ /

HH

| /‘ \

N V/\\ \J K/\
H-0-Hfh 4 _ ! HoO-HINE |

2400 2000 1600 1200 800 400 2400 2000 1600 1200 800 400

Jem-1 P B/em-1

(a) (b)
& 6 M1-3 F1 M2-3 iR G FRIPRSHRZI S i
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Fig. 7 SEM images of fly ashes and geopolymeric S/S solids
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