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Study on technoloy of solidification of municipal solid wastes
incineration ( MSWI) fly ash by cement

Jin Meijuan

(Shaanxi Key Laboratory of Disasters Monitoring and Mechanism Simulation, Baoji University of Arts and Sciences, Baoji 721013, China)

Abstract Incinerated municipal solid waste (MSWI) , fly ash, was solidified by using sulfoaluminate ce-
ment in this study. The leaching of heavy metals from the MSWI fly ash was studied. Experiments were conduc-
ted to investigate the effect of the ratio of the MSWI fly ash to the solidified waste forms on the leaching properties
and the compressive strength of solidified waste forms cured for 3, 7 and 28 d. The relationship between the pH
of the leaching agent and the leaching of heavy metals was also evaluated. The phases of the fly ash and its solid-
ified waste forms were analyzed by X-ray diffraction (XRD). The results showed that the selection of the methods
for leaching heavy metals by purposeful evaluation was mandatory given that the concentrations of leached heavy
metals such as Mn, Zn, Cr, Cd, Pb, and Cu in the fly ash differed based on HJ/T 299-2007 and HJ/T 300-
2007. Fly ash is classified as hazardous waste and should be treated properly considering that the concentration of
leached Cd was 3. 35 times higher than that specified by the National Hazardous Waste Identification Standard
(GB 5085.3-2007). The concentration of Cd leached from all solidified waste forms, except those in which the
fly ash content was less than 40% , and the concentration of Pb leached from all solidified waste forms still excee-
ded the Control Standard for Pollution in Landfills ( GB 16889-2008). Therefore, the leaching toxicity of fly ash
did not meet the requirements of the landfill standard. The compressive strength of the solidified waste forms de-
creased with increasing fly ash content, and the concentration of leached heavy metals showed the opposite trend.
The leachate concentration increased when the pH of the leaching agent was lower, but no leaching of heavy met-
als was observed when the pH of the leaching agent was higher than 5. The XRD analysis suggested that the solu-
ble salts in the fly ash reacted with the hydration products of SAC. Chromium was incorporated into ettringite in
the form of CrO; .

Key words fly ash; wastes disposal; cementation; leaching of heavy metals
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Table 1 Chemical composition of SAC (% )
SO, Ti0, Na,0 +K,0

K e
SAC 12.63 19.59 2.93 2.93 2.73 16.82 0.95

Si0, AlLO; CaO Fe,0; MgO

0. 65




% 6

BT SR < ST AR B S b RO OK e [ AL B AR BT A

3237

UKBEIR (G. R) VA AN (G R) .
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Table 2 Proportioning scheme of solidified waste

forms of fly ash

1 FA20 20 80
2 FA40 40 60
3 FAS50 50 50
4 FA60 60 40
5 FA80 80 20
6 FA90 90 10
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Table 3 Results of leaching concentrations of fly ash (mg/L)
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Fig. 2 Compressive strength without lateral compression

of solidified waste forms of fly ash in each age

YU 435 0.8 ~2.19 mg/L.0.05 ~0.32 mg/L, X
FERW N —TJ7 AR OB RO, R
iR B R [ A A G R R R I O, Bl
HA R MWK 7 — T R KB RN
K IR PER D, 5 Wi 7K P K AR 7= 1) 2R i, B0l &
TR B AR SR B AR ZE AN L, R R A SR
AL AR R ER AU [ AL TGO P R B A B Ak
Heo Hob BR FA20 (FA40 [E fb 1R Cd 32 T &
(A 3% B SR 7 75 e 4% o A ) (GB 16889-2008 )
BRAELSN , HoR AL R Ph Rl Cd ¥ o 8 24 5 1 A o
BRAEL, JCH: FA20 [& fL iR Pb 32 ¥k B2 0.8 mg/L,
R b o FREL B 0.25 mg/Lo 25 R 5 SRR [ 19,
23| HEA —F, Bk, AT A SO B OR A, AR
B RR R AU A Sl T B 3 e e RO ] AR Ak B Pb AN
Cd ¥ 2 (A 2 S A g g o1

25
m Cd I

3 20F Pb I
£
W15 I I
& I
H
™10}
it
& I
05

0
FA20 FA40 FA50 FAGO FA80 FA90
Al C A IS L

B3 R TR B RN R R R
Fig. 3  Effect of different fly ash amounts on

leaching toxicity of heavy metals
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Table 4 Effect of pH on leaching concentration

of heavy metals (mg/L)

Iiléif: ‘/%i}r‘;é{ifﬂ Cd Pb Cu Zn Cr Mn
1 0.29 2.16 0.61 3.89 0.26 0.85

FA40 2. 64 0.18 1.25 0.34 2.1 0.05 0.27
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Fig.4 XRD spectra of fly ash, SAC cement and solidified body
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TR Ry A FE I 0, FAS R B4 AR 38

(2) ®JIKZ SAC /KR IE LG, E 4 )@ Pb fil Cd
etk SRR N ] (N /S S g0k N
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(4)XRD 2550, K Pl S 5 T K
Ye KAk S ny i 7, E 4 J8 Cr LA 3Ca0 - ALO, -
3CaCr0, - 32H,0 I X E AL T A, HApRESE
J& Cu.Zn Pb Cd Cr %25 DAY BRI} B8 7384 A2



3240

=
i

T

e

o
=

i 10 %

3 it DUTE 52 B A5 T8 ik 9 [ 4L
2 % X W

[1]

[2]

[3]

[4]

(5]

—
=)}
[}

[7

[

[8]

[9]

I, MHAE . BEBRIR b R I AT S BOR R R AL AL
HLAESUM R A, 2004, 7(1) : 76-80

Yuan Ling, Shi Huisheng. Leaching behaviors of heavy
metals in MSWI fly ash and the immobilization mechanism
of cement. Journal of Building Materials, 2004, 7(1) . 76-
80 (in Chinese)

R s R B3R BE BRI A [ AL B R 53R
2012(1) : 104-106

LIRS,

Lu Ruiliang. Summarizing on soldification technology of
solid waste incineration. Jiangsu Construction, 2012 (1) .
104-106 (in Chinese)

WA, XNEA, ERE. SRR RS R AT
PR TR AR S B4, 2003, 4(9) ¢ 12-15
Huang Bensheng, Liu Qingcai, Wang Li’ ao. The research
progress in comprehensive utilization of MSWI fly ash.
Techniques and Equipment for Environmental Pollution
Control, 2003, 4(9): 12-15(in Chinese)

Lin K. L. The influence of municipal solid waste incinera-
tor fly ash slag blended in cement pastes. Cement and Con-
crete Research, 2005, 35(5) : 979-986

Zhao Youcai, Song Lijie, Li Guojian. Chemical stabiliza-
tion of MSW incinerator fly ashes. Journal of Hazardous
Materials, 2002, 95(1-2) ; 47-63

R, FERB, RRK, . SGA It FE R KR E
SR E A TEREUE . B LR R, 2014, 8(2):
709-715

Zhang Fan, Wang Fenghe, Hao Haotian, et al. Research
on solidification and stability of heavy metals in municipal
solid waste incineration fly ash by using SGA. Chinese
Journal of Environmental Engineering, 2014, 8(2): 709-
715 (in Chinese)

XU, Br 3% BEBR ROK M B TR A BHERE, 2015
(15): 256

Wang Qin, Yan Jianhua, Chi Yong, et al. Application of
thermal plasma to vitrify fly ash from municipal solid waste
incinerators. Chemosphere, 2010, 78(5) : 626-630
Gougar M. L. D., Scheetz B. E., Roy D. M. Ettringite
and C-S-H Portland cement phases for waste ion immobi-
lization; A review. Waste Management, 1996, 16 (4) .
295-303

[10] Ubbriiaco P. , Calabrese D. Solidification and stabilization

of cement paste containing fly ash from municipal solid

waste. Thermochimica Acta, 1998, 321(1-2) . 143-150

[11] Su Ying, Yang Jianming, Liu Debin, et al. Effects of mu-

[12

]

nicipal solid waste incineration fly ash on solidification/
stabilization of Cd and Pb by magnesium potassium phos-
phate cement. Journal of Environmental Chemical Engi-
neering, 2016, 4(1) : 259-265

Rémond S. , Pimienta P. , Bentz D. P. Effects of the in-
corporation of municipal solid waste incineration fly ash in
cement pastes and mortars: [. Experimental study. Ce-
ment and Concrete Research, 2002, 32(2) . 303-311
Bie Rushan, Chen Pei, Song Xingfei, et al. Characteris-
tics of municipal solid waste incineration fly ash with ce-
ment solidification treatment. Journal of the Energy Insti-

tute, 2015, doi: 10.1016/j. joei. 2015.04. 006

[14] Aubert J. E., Husson B., Sarramone N. Utilization of

[16

[18

[

]

[

]

[

municipal solid waste incineration ( MSWI) fly ash in
blended cement: Part 2. Mechanical strength of mortars
and environmental impact. Journal of Hazardous Materi-
als, 2007, 146(1-2): 12-19

W, BIRIR, £, . 5 CIRK VR B AL H AR BT
55. WEERL2E 2R, 2006, 26(2) ; 230-235

Jiang Jianguo, Zhao Zhenzhen, Wang Jun, et al. Study
on cement solidification technology in treating with fly
ash. Acta Scientiae Circumstantiae, 2006, 26 (2) . 230-
235(in Chinese)

REE, ERR, WHE, % 30T B R R K
KU AL B B 5. R R A BESY, 2008, 21(4) .
163-168

Song Zhenxia, Wang Li’ ao, Lin Xiang, et al. Experi-
mental study on properties and cement solidification of mu-
nicipal solid waste incineration fly ash. Research of Envi-
ronmental Sciences, 2008, 21(4) : 163-168 (in Chinese)
B AR BN, BROREE. K8 X B3R B R TR 1Y [
RAb B 56 F 58, BRIE 5 G 5 B iR, 2006, 28 (6):
425-428

He Xinghua, Hou Haobo, Zhang Dajie, et al. Study on
cement solidification of municipal solid waste incineration
fly ash. Environmental Pollution and Control, 2006, 28
(6): 425-428 (in Chinese)

Sun Qi’ na, Li Jingmiao, Huo Baoquan, et al. Applica-
tion of Sulfoaluminate cement for solidification/stabiliza-
tion of fly ash from municipal solid waste incinerators. Ap-
plied Mechanics and Materials, 2012, 178-181; 795-798
A, TR, RUBUME, 45, K U8 28 B A= 1 B A e
TORBACROCR B2 . PRI AL, 2010, 29(6) ; 1183-
1184

Gao Liang, Zhang Shuguang, Liu Hanqiao, et al. Effect
of cement type on solidification of municipal solid waste

incineration fly ash. Environmental Chemistry, 2010, 29



% 6

BT SR < ST AR B S b RO OK e [ AL B AR BT A

3241

[20]

[21]

[22

[

[23]

[24]

[25]

[26]

[27]

(6): 1183-1184(in Chinese)
JETCE, EAEM. B ER K UE I PE AR R 1 T &R
TR, 1995(6) ; 22-23

Gu Yuanwei, Wang Guimin. Adjustment for the perform-

j{/)fé

ance of sulphoaluminate cement slurry. Exploration Engi-
neering, 1995(6) : 22-23 (in Chinese)

B % SR B AR 4 B R . HI/T 299-2007 [ 1 p ) 12 i1 #5
PER W 7 IR IR S IR . bt EERSE B  RRAL:
2007

[ R B R Y B R HI/T 3002007 [EK B 3 i35
PER 5 BEERZE oh itk dest. o E RS
fi kL, 2007

ARALMS , i, WIRON, 4. TARAE LB AR 3 B4 ARG
TR B T [ A R PR BT AL SR, 2014, 33(7) .
1173-1179

Xiong Zuhong, Lu Min, Hu Dawei, et al. Physicochemi-
cal and solidification characteristics of municipal solid
wastes incineration ( MSWI) fly ash from Guangdong
Province. Environmental Chemistry, 2014, 33(7) . 1173-
1179 (in Chinese)

[ 5 B BE (47 5. GB 5085.3-2007 i [ 5 ) % 31 4%
e R RS et R bR AL, 2007
FREER AP EE. GB 16889-2008 A: i 4 4t 5 M 37 15 Je 4%
HIARAE. At W E PR AL, 2008

MEHEAE, R BIRBE B TR BE I 1 A K e X H:
ok 2R 1 B . g R Hh & i, 2003, 31 (11):
1021-1025

Shi Huisheng, Yuan Ling. Cementitious reactivity of mu-
nicipal solid waste incineration fly ash and immobilization
effect by cement. Journal of the Chinese Ceramic Society,
2003, 31(11): 1021-1025(in Chinese)

WA A BB B RO AE K U8 v Y [ A AR E AT O

[28

]

R RAEREW L2 AR 30, 2004

Chi Donghua. The study on the solidification /stabilization
of municipal solid waste incinerator fly ash incementmor-
tars. Shanghai: Master Dissertation of Donghua Universi-
ty, 2004 (in Chinese)

Suzuki K. , Ono Y. Leaching characteristics of stabilized/
solidified fly ash generated from ash-melting plant. Chem-
osphere, 2008, 71(5): 922-932

(29 KA, MO, LM, &5, F KT B B8 b ROR A1t

[30

[31

]

]

[

Ll & Jm R AT WA FRBE LA, 2011, 5
(6): 1391-1396

Zhu Wei, Hao Qingju, Jiang Changsheng, et al. Study on
characteristics and leaching behavior of heavy metals from
municipal solid wastes incineration fly ash in Chongqing.
Chinese Journal of Environmental Engineering, 2011, 5
(6): 1391-1396 (in Chinese)

WA, s, BRI KPP ESR
R E R, B, 2005, 24(4) : 438-442
Feng Junhui, He Pinjing, Cao Qunke, et al. Influence
factors of heavy metals leaching from air pollution control
residues. Environmental Chemistry, 2005, 24 (4 ). 438-
442 (in Chinese)

Dermatas D. , Meng Xiaoguang. Utilization of fly ash for
stabilization/solidification of heavy metal contaminated
soils. Engineering Geology, 2003, 70(3-4) . 377-394
RV U K e [ A 3 T AR B3R B R RO S R
FE. PR HPRRYFW AR08 30, 2013

Zhou Huan. Study on solidification efficiency of municipal
solid waste incineration fly ash by alkali-activated slag ce-
ment. Chongqing: Master Dissertations of Chongqing Uni-
versity, 2013 (in Chinese)



