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RSM Optimization of Incineration Bottom Ash Cementitious Material and
Safety Evaluation
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Fuzhou 350118, China)

Abstract: To recycle the municipal solid waste incineration bottom ash(MSWI-BA ), the effects of different active
excitation methods on the 28-day compressive strength of mortar test blocks prepared by pretreated MSWI-BA were
studied by the method of response surface central composite test method(RSM-CCD). The results show that the
MSWI-BA cementitious material has good cementitious activity by active excitation. The RSM-CCD test simulates
that the 28-day compressive strength of the cement mortar test block with 10% MSWI-BA reaches 46.04 MPa under
the optimal experimental conditions. Under this condition, the 28-day compressive strength of the cement mortar
test block reaches 46.15 MPa, which is highly coincident with the predicted value. This method provides a solution
for the resource utilization of MSWI-BA. Finally, the safety of the cementitious material is evaluated. The leaching
performance of heavy metals meets the requirements of GB 30760—2014 Technical Specification for Coprocessing
of Solid Waste in Cement Kiln.
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Table 1 Design factors and levels of RSM-CCD
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Table 2 Design plans and results of CCD

Level
Code Factor
—1 0 1
A w(Ca0)% 4 6 8
B t/min 60 90 120
w(Na,SiO,)/ % 6 8 10

1.3 REHE5KLEHFE
WA 10 MSWI-BA /K Ve e wb it B, oy

No w(Ca0)% //min(B) w(Na;,Si\()_;)/% 28 d compressive
(A) (0) strength/MPa(Y)
1 4 60 6 36.1
2 8 60 6 38.2
3 4 120 6 43.5
4 8 120 6 44.8
5 4 60 10 39.2
6 8 60 10 37.8
7 4 120 10 43.2
8 8 120 10 43.4
9 4 90 8 43.5
10 8 90 8 45.1
11 6 60 8 40.3
12 6 120 8 45.4
13 6 90 6 43.1
14 6 90 10 45.1
15 6 90 8 44.6
16 6 90 8 44.5
17 6 90 8 45.1
18 6 90 8 46.2
19 6 90 8 45.1
20 6 90 8 44.7

CCD 43 2 1 e b 18 28 d 7t s 53 B U045 1] A A6
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Table 3 Analysis of variance of regression equation
Source Sum of D, Mean F-value P-value
squares square
Model 159.980 0 9 17.7800 38.0800 <<0.0001
A 1.4400 1 1.4400 3.090 0 0.109 1
B 82.370 0 1 82.3700 176.4500 <C0.000 1
C 0.9000 1 0.900 0 1.9300 0.1951
AB 0.0800 1 0.080 0 0.1714 0.687 6
AC 2.6500 1 2.650 0 5.6700 0.0386
BC 2.4200 1 2.4200 5.1800 0.046 0
A* 2.1400 1 2.1400 4.5800 0.0580
B* 14.950 0 1 14.9500  32.0300 0.000 2
c* 3.2200 1 3.2200 6.890 0 0.0253
Residual 4.6700 10 0.466 8
Lack of fit 2.7100 5 0.5430 1.3900 0.363 4
Pure error 1.950 0 5 0.3907

Cortotal 164.6500 19
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Fig. 1 Residual diagram, actual value and predicted value of 28 d compressive strength of cement mortar test block

mixed with 10% MSWI-BA
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Fig. 2

Interaction of various factors on 28 d compressive strength of cement mortar test block mixed with 10% MSWI-BA
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Fig.3 XRD patterns of OPC and OPC+10% MSWI-BA
mortar test block
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Fig.4 SEM image of OPC mortar test block
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Fig.5 SEM image of OPC and OPC+10%
MSWI-BA mortar test block

(1) J20R HE BB % Ry K Ak Bk R 45 (C-S-HD) Bk
JIE , o AR HH I R ik B o B ) A L A IR
RAEEY, HEEEH M N C-A-SHEK , A4 IEL
IR Ca(OH),.

(2) 2 W B8R v 30 47 76 40 /0 (4 B fL 7T g S
MSWII-BA Hr it i) Al A A7 {5 4 J& Bl 01k, B

A H ) FTIR 4 . I 6 A WL 76 1410 e 'Ab 1
A KT FR AR C=O 8, AT B8 S i K ok v &
A Bk R 0 W) 85 K5 R R BB R A AR Y T
967.450 cm A K I F) Si—O 1 Al—O 4 HL A IR 5h
W 5 P M U I T RS R 1 R A FR B Burnley 45
I Si/Al—O 7 (58 B 55 J0Rn R i E 2 i LA 1R
SER 1) AF G BILBR T Ak s ) PR X 28 d B R R EE Y
o IE S T X — 5 e Ah , Kumar 28 Y368 7 467 T
1014 cm "M ix B9 Si—O g0l LLEF FE F Si—0,(n=
0~2) IYAAAE , IS — R AR ST Si—O 85 254, B
e W RN PE AR IR L8 100 MSWI-BA (13 B
W& 5 R Si—O/Al—O B 1) 58 i e i, S5
T 94 BT 5 5 SR W) A A A

1967

; to
'3 630 1410 !
L ‘ ‘ ! Al—O; ‘
4000 3000 2 000 1000 0
‘Wavenumber/cm™!
K6 #10% MSWI-BA Ji fibiat Bk Al 4li /K e Jig 70 3t e
% FTIR &3

Fig.6 FTIR spectra of OPC+10% MSWI-BA and OPC
mortar test blocks
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Table 4 Heavy metal leaching of various materials before
and after treatment

OPC +10% GB 30760—

¢/(mg-L7")  MSWI-BA MSWLEBA OPC 2014
Pb 1.562 0.165 0. 060 0.300
Cr 2.140 0.159 0.110 0. 200
cd 0.039 0.019 0. 060 0.030
Cu 5.983 0.271 0.050 1.000
Ni 0. 651 0.002 0.000 0. 200
Zn 3.498 0.077 0.170 1. 000
Mn 5.411 0. 380 0.300 1. 000
As 0. 241 0.032 0. 040 0.100
3 g

(1) FE 36 P CaO 8 & 0 6.56 %0 ML AR I 1L B [A]
4 109 min Na,SiO; & & R 7.81% By KT,
% 10% A= 0 B B B IS K (MSWI-BA) i b i e
28 d Bt He 5 FE 04 me) 7 T rp O &2 G ik e v 10 E
46.04 MPa, SE {8 9 46.15 MPa, —# m E#:r, H
% 100 MSWI-BA B i e (%) 28 d ft & o BE 2448 T
afi K Je ik .

(2)7EB 10 MSWI-BA B i b i He o, Bifi 5 AL
BRI A IS ] 4384 3% 1 CaO Fl Na,SiO, BE % #5 1 iz
P B = A T 22 0 7K A i TR A 958 B RN K Ak R A 1R S
eI, LB A A B 40 i e 3% 10 D PR 0, A — 2 Y Bl A
AR RS IR 28 d T 5

(3)# 10%MSWI-BA & b ik B (1 T 4 J&@ 12 1
e BROBR i T Al K VR R B L R AR E R
X 4 e i A R I BRE , JF HOE AR T4l MSWI-BA
By 4 R Rk B, U U OZ J7 2R A AL B E
MSWI-BA [ 5 4 J& , 7T ATE K48 4k 4 1] .
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