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Table 1 Main chemical composition and content of incineration fly ash and incineration bottom slag from domestic waste %,
BT SiO» Al O Fe; O CaO SO3 Cl™ Na, O K. O MgO
BEpe K 2.64 0.63 1.43 54.22 6.61 22.89 1.55 6.89
BEBR I 42.62 9.62 5.25 18.73 1.82 1.77 2.04
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Table 2 Content range of each component of FASPCM
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&3 FASPCM BRI A H
Table 3 FASPCM proportioning experiment scheme

IR KRB/ ERWUKBE/ Y RRIRESRE/ X
1 5 35 60
2 5 45 50
3 5 55 40
4 8.4 38 53.6
5 8.4 48 43.6
6 11.7 41.6 46.7
7 15 35 50
8 15 45 40
9 18.4 38 43.6
10 25 35 40
11 25 35 40

2 RBERLIT®

2.1 REHERSH
FASPCM Bt FE i 30 45 5 W3k 4. il 90 45 51 f
A Design-Expert $xfF , 2 20 (1) B9 Z0 244 #2331 X6
FEIRMERE AT 23 BT, i 8 45 53 T00 3R B0 ) e R A
R SR B R B R L () =)
v34=33.67x, —2.71x, —2.41x3—36.58x 2, —
16.95x,25+10.60x,20; —104.21x 2505 —
75.33x 12, (1 —x5) —37.83x1x5Cx 1 —x3) (2)
v74=46.58x, —1.71x,+3.11x3—235.622, 2, +
41.25x 125 —4.252,2,+177.18x 12,205 —
263.59x 12, (21 —2,) +163.91x 125 (2 —x3)
3
yasa=—83.92x, —33.52x, —34.11x3 +757.72x 2, +
376.02x,25+138.43x,25—2327.06x 12,25 —
42220 a2, Cxy—x5) —484.72x 25 (e —x5) (4)
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Table 4 Results of the FASPCM proportioning experiment

RS 3 d i /MPa 7 d % /MPa 28 d ¥k & /MPa

1 0.33 0.41 1.01
2 0.37 0.47 0.96
3 0.29 0.36 0.92
4 0.41 0.60 1.49
5 0.44 0.79 1.07
6 0.51 0.87 1.83
7 0.57 0.93 2.66
8 0.61 1.10 2.87
9 0.55 1.12 2.31
10 0.68 1.27 3.07
11 0.66 1.24 3.18
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Fig.1 3 d uniaxial compressive strength

contour and response surface
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Fig.2 7 d uniaxial compressive strength

contour and response surface
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Fig.3 28 d uniaxial compressive strength

contour and response surface
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Table S Target value for proportion optimization

3 A BUESREE /7 dSRERBURSREE/ 28 d BARhPURIRBE/
MPa MPa MPa

>0.6 >1.2 >3

*6 ZHEMEILLMLER

Table 6 Multi objective proportion optimization results

. BB L/ 2 UL 5 T F/ MPa
Ke  FEPeRIK BERRIRH 3d 7d 28 d

1 24.3 35.3 40.4 0.655  1.249  3.049
2 24.8 35.2 40.0 0.661  1.226  3.118
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Fig.4 XRD patterns of FASPCM slurry

specimens at different curing ages
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Fig.5 Microstracture of FASPCM slurry

specimens at a curing age of 3 d
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Fig.6 Microstracture of FASPCM slurry

specimens at a curing age of 7 d
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Fig.7 Microstracture of FASPCM slurry
specimens at a curing age of 28 d
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Fig.8 Hydration mechanism of FASPCM

A SCHE A FASPCM AE Sk Ji2 B b4 B} ] 5 78 31
A, I 38 23 3 50 43 BT 30 GIE LA Sy SE SRR I T AT
HARGS ST,

(1) 43 1 36 be RO 55 55 B IS i 1 4 3 Ak 2 1
JoT, B8RO 3R THDRLURE HLR 5 KBRS kW T, B
A5 5555 0 A JRS B TG Mk 5 R 1 K A R I T 5 B R
JIG T e T AT R B R /INAS — B LA 5 LT P 5 i
o TURE LA AR 11 VS T I R O 1 5 R 1 K Ak R
IO7 I M 5 A A R O AR T8 SR R AL R 1 ) T
SER  AHEE T B A AR R ROK SR BRI R
TR A fiT FH A 0 A5 B ) M 8 0

(2) FEBEBE K 5 B8 58 I VR A F v] S AR
TG 7 3 e 7™ 1 1) v 2809 IR A L I HL G A 9 e 3
PRAT B3 01 3 2 PR RE . R FH e 17 T 3 64T 22 H ARG
Hef A, 75 3 58 AR O AR L L k- 30 %6 7K (56 Y6 M AT
£ .14% FASPCM, H i FASPCM 1 24.3% /K I8,
35.3 Y0 B K 5 40.4 00 55 e K T 41 B, e ) 1 FE 33
&3, 7, 28 d HuAh b SR E 4> B h 0.638,1.242,
3.071 MPa,

(3) FASPCM i /K 1k i 2 2 48 it K &
OH ™ ,OH ™ AT 52 IR 45 A1 (9 7K it 15 1k 58 + 4= 1l Az 76 357
A be I 55 B B I TS I B S AT 1k e )2 L Al A
T 7 3 B 5% 7= 0 O ) M 6 T Mk A B AR DL BRI, IF
R R L A [HL S0, ] 5 Ca®' 45 & 4 i)
C-S-HE5 AFt, 9143 57 3% 56 be 7= — ok 1k
R A S L RIURL AR /) 5 T RN A A A

FEHA N TR | 35 5 RO R S5 R A BT T 55 3 R

i 42 55

2 % LK (References) :

(1] roRxe, shi 55 B, % . &R AE & 8 0 10 R % X 9 F 4+
5B K BB 4 0 L1 ). M F 5 5 9% %2 . 2020, 40(9) :33-38.
HE Rongxing, HAN Zhiyong, ZHOU Yanjun, et al
Analysis on disaster characteristics and preventive measures
of goaf in metal and non-metal mines[J]. Mining Research
and Development,2020,40(9) :33-38.

[2]  EXUWT,PhOR L TR 2540 45 00 HE i 4 6 FF SR i 3t BT PR B [ .
4, 2020,45(1) : 8-15.
WANG Shuangming, SUN Qiang, QIAO Junwei, et al.
Geological guarantee of coal green mining [ J ]. Journal of
China Coal Society,2020,45(1) :8-15.

(3] A B4 . i W 45 0 R 3 T oz it A 1k I SR 1 218
SEARE R R 4. 2018,43(5) : 1210-1219.
XIE Heping, JU Yang, GAO Mingzhong, et al. Theories
and technologies for in-situ fluidized mining of deep
underground coal resources [ ] ]. Journal of China Coal
Society,2018,43(5) :1210-1219.

[4] B PRI RS S B sl [T R % M. 2019,
44(4):973-984.
QIAN Minggao, XU Jialin. Behaviors of strata movement in
coal mining[ J]. Joural of China Coal Society,2019,44(4);
973-984.

[5]  ZE5E, kT AL RO U IF R 3t BT O B B AR 1y & i AR %
L] B, 2019,44(8) 1 2277-2284.
YUAN Liang, ZHANG Pingsong. Development status and
prospect of geological guarantee technology for precise coal
mining[ ] ]. Journal of China Coal Society, 2019, 44 (8):
2277-2284.

[6]  WIMR 38 SCHL R AEDTBA DX B B 1A % 5K 5 B R & TR 75 )
(I AR5 R, 2022,50(5) 1 21-29.



102

gL B R S5 A

2024,44(6)

(7]

(8]

9]

(1o0]

[11]

[12]

[13]

[14]

HU Bingnan, GUO Wenyan. Counter measures and
technical development direction of damage prevention in coal
mining subsidence area[]]. Coal Science and Technology.
2022,50(5) :21-29.

Xk 6L LR B3 T R R R Rk R LT A
SIS T, 2022(2) 1 127-129.

LIU Yongfei. At present, China’s coal mine filling mining
technology and its development trend [ ]J]. Inner Mongolia
Coal Economy.2022(2) :127-129.

XD, 25 HE L o] AT 3 [ 58 B SR N B0k 5 R R
(10897 241, 2020, 45(1) : 141-150.

LIU Jiangong, LI Xinwang, HE Tuan. Application status
and prospect of backfill mining in Chinese coal mines[]].
Journal of China Coal Society,2020,45(1) :141-150.

F 37 [ A U R X IR 5 A TR R 0 s e [ e
1,2020,6(11):202-203.

WANG Liguo. The influence of building materials on the
quality of concrete structure engineering[ ] ].Intelligent City,
2020,6(11):202-203.

ZENE AR B AL SE O K A T BE A R S AR
JE 5K AL HL B AT 5T LT 0. b 1 oll K 2 22 41 2015, 44 (4)
650-655-+695.

LI Maohui, YANG Zhigiang, WANG Youtuan, et al.
Experiment study of compressive strength and mechanical
property of filling body for {ly ash composite cementitious
materials[ J ]. Journal of China University of Mining &..
Technology,2015.44(4) :650-655+695.

KT 2R K BT R AR 43K e Y R T S R
(1A €4 8 (5 16 45) . 2009,61(3) :1-2418.

ZHANG Haijun, LI Ying, ZHAO Yongxian. Study on paste
filling using fly ash to replace few cement[J]. Nonferrous
Metals (Mine Section),2009,61(3):1-2+18.

EE N JBCTE TR B TR TSRO SR S A I K A5 5 AR K
VL] ] b R R B ,2017(11) :173-174.

LYU Changgang, QI Yang, YU Guangyao. Study on the
application to fly ash to the replacement to full-strength
cement in paste filling [ J ]. Shandong Coal Science and
Technology,2017(11) :173-174.

SR TIAT ARG R R A b Ak B BR BT A8 [T AR S & 9F . 2023,
39(11):5-8.

ZHANG Nairen. Environmental hazards of municipal solid
waste incineration [ ] ]. Ecological Economy, 2023, 39 (11):
5-8.

AR AR TR A R H , A5 T P A A 3 3 Ak 2 IR B B
ST B 254 . 2013,31(9) :31-35.

BIE Rushan, SONG Xingfei, JI Xiaoyu, et al. Status and
policy of domestic waste treatment at home and abroad[ ]].
China Resources Comprehensive Ultilization, 2013, 31(9) .
31-35.

AN ARER 2 U5 15 50T 09 B AR HE R R S LD R
B < VG R W 2 L2011,

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

SHA Zhijie. Study on the development of China’s energy
conservation and emission reduction based on a low carbon
economy[ D]. Chengdu:Southwest University of Finance and
Economics,2011.

LAM C H., BARFORD J P, MCKAY G. Utilization of
municipal solid waste incineration ash in Portland cement
clinker[J]. Clean Technologies and Environmental Policy.
2011,13(4):607-615.

BRTAR, R R 70 — oy 5 D IR B A R BIT E HE R L .
B IR 25 A R T 2008(3) :52-54.

WEI Weidong, WANG Gechen. Research progress of alkali
activated fly ash slag cementing materials [ J ]. Fly Ash
Comprehensive Utilization,2008(3) :52-54.

EI RS R A SR SRR RO - B R R R I
E L)) 04 8 T, 2018,8(5) :119-123.

WANG Ke, NI Wen, ZHANG Siqi, et al. MSWI Fly ash-
slag cementing system and cadmium solidification [ ] J.
Nonferrous Metal Engineering,2018,8(5) :119-123.

YIN L L, GUO Q. WANG X, et al. Environmental flling
materials based on phosphogypsum powder with municipal
solid waste incineration ash[ J]. Scientific Reports, 2023,
13:47.

S M R 7 I B 58 I S A R s e R TR B P 0 T A5 B Y
CDI M 75 Tl K2, 2022.

XI Zhuangmin. waste

Application and research of

incineration in ultra high performance concrete [ D J.

Zhengzhou: Henan University of Technology,2022.

AT BT Wh AR K VR b 3B B8 I s 1 e T 5 K B
EAR S () ]IRE 1. 2022(4) : 89-92.

SHI Dongsheng, HUANG Yuan, HAN Jiatong. Properties
of water quenched waste incineration ash and orthogonal test
on hydraulic[J]. Concrete,2022(4) :89-92.

FREAE AR I R SE AR T S A b i R AR K R IR
BELBREH )] MG KR¥EIRCARESES TR,
2016,29(1) :51-54.

WANG Zhijuan, SONG Yuanming, CHEN Xuehai, et al.
Utilization of MSWI bottom ash as cement admixture[ ] ].
Journal of Yantai ( Natural Science and
Engineering Edition) ,2016,29(1) :51-54.

ABDULMATIN A, KHONGPERMGOSON P S,

JATURAPITAKKUL C, et al. Use of

University

eco-friendly
cementing material in concrete made from bottom ash and
calcium carbide residue[ J]. Arabian Journal for Science and
Engineering,2018,43(4) :1617-1626.

INRAHIM M, RAHMAN M K, NAJAMUDDIN S K, et
al. A review on utilization of industrial by-products in the
production of controlled low strength materials and factors
influencing the properties [ J]. Construction and Building
Materials,2022,325:126704.

Xz o, 72 e BT L S R 12 1 T RE kK YR IR AR T S
e VAR T B M e R Y SO0 A A0 [T ). ek R R G L 2022, 41
(12):4128-4138.



WEF,FAFERER R - REWR B & LA FHEFRZI]F LHFRE K ,2024,44(6). 103

LIU Yungiang, ZUO Xiaobao, LI Liang, et al. Numerical [28] B, x| e B, FhIE B o e — AT A 366 e 8 4 e} oK b o A
simulation on microstructure evolution and expansion process of XPS 3 #r[J]. &)@ w 1l ,2014(3) . 171-176.
hardened cement paste under sulfate attack[ ]J]. Bulletin of ZHANG Na, LIU Xiaoming, SUN Henghu. XPS analysis
the Chinese Ceramic Society,2022,41(12):4128-4138. on hydration process of red mud-coal gangue based
[26] 35 408 Wi fb 1 REITAl B WA A0 5 18 % 40 i ok 1 2 A 1 o) cementitious materials[ J]. Metal Mines,2014(3) :171-176.
# D] b st AL R R4 . 2022. [29] 1R S =JCRIRA /B G EACEH A B RROK U2 B LA #
WANG Xue. The carbonation potential evaluation on steel slag PERERFZE (D] HERS L T K2, 2023.
and the preparation of desulfurization-gypsum-stimulated YUE Caihao. Study on the properties of three-component
carbonation-cured steel slag building material [ D]. Beijing: early strengthagent/polyaluminum chloride composite fly
University of Science and Technology Beijing,2022. ash cement sealing material[ D], Huainan: Anhui University
[27] B S Db et B P o X B & R /T AR R of Science and Technology,2023.
FMLDLT™M TR 2. 2019, [30] RENCZ. HUADL, BAI Y H, et al.Preparation and 3D
XIAO Shanshan. Effect of physical and chemical propertiesof printing building application of sulfoaluminate cementitious
raw materials on alkali-activated fly ash/slag blended system material using industrial solid waste[ ] ].Journal of Cleaner
[D]. Guangzhou:Guangzhou University, 2019. Production,2022,363:132597.

Research on the Mechanical Properties of Filling Body Prepared by Mixing Incineration
Fly Ash with Bottom Slag of Municipal Solid Waste
LIU Yin', FANG Hao', MIN Lingran', WANG Chunchun', DU Yujiao', CHEN Shurong*
(1.Collage of Safety and Environment Engineering, Shandong University of Science and Technology,
Qingdao, Shandong 266590, China; 2.Collage of Earth Science and Engineering,

Shandong University of Science and Technology, Qingdao, Shandong 266590, China)

Abstract: In order to handle the municipal waste incineration products (incineration fly ash and incineration bottom slag) . the
feasibility of using incineration fly ash and incineration bottom slag as a substitute for part of cement in the field of mine filling
was studied from the perspective of collaborative utilization of solid waste. Incineration fly ash and incineration bottom slag of
municipal waste were mixed to prepare filling body, and then uniaxial compressive strength tests on filling body with curing
ages of 3, 7, and 28 d were carried out. A compressive strength regression model was established based on mixture
experiments design, and the influence of different dosages of incineration fly ash and incineration bottom slag on the mechanical
properties of the filling body was analyzed using response surface methodology, and the optimal mixing proportion was
obtained. The research results indicate that when the incineration fly ash is 35.3%, the incineration bottom slag is 40.4 % , the
cement is 24.3% , and the mass concentration is 70 % , the mechanical property indicators of the filling body reach the optimal
value. Adding an appropriate amount of incineration fly ash and incineration bottom slag can prolong the hydration reaction
process and significantly improve the degree of hydration reaction in the cementitious system. According to XRD test and SEM
observation, the main hydration products are hydrated calcium silicate and ettringite, which form a dense network structure
inside the filling body and improve the mechanical properties of the filling body.

Key words: Filling body, Incineration fly ash, Incineration bottom slag, Proportion optimization, Hydration mechanism





