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Tab.1 Chemical composition and physical properties of the materials

JitER 73 /% wE/ WREBY
ek Ca0  Si0, ALO, MgO Fe, O, Na,0 P,0, SO, K,0 Hfth (g/em’) (m’/kg)
S 34.72 32.21 18.23 10.11 0.27 0.54 0.02 2.13 0.42 1.50 2.87 484

SS  39.60 16.22 5.34 4.57 24.88 0.14 2.78 0.56 0.06 5.89 3.46 480

F 3.82 50.02 34.06 1.08 4.65 0.95 0.29 1.33 1.98 5.14 2.33 384
CCR  95.67 0.81 0.62 2.03 0.61 0.00 0.02 0.3¢4 0.05 0.50 2.23 824
DG 38.0 3.26 1.56 2.23 0.39 0.12 0.04 51.66 0.27 2.79 2.46 550
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Fig.1 The cumulative distribution results of the

particle size of raw materials
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Fig.2 XRD pattern of raw materials
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Tab.2 Orthogonal test and strength results

\ PR/ MPa

e F.SS(A) S(B)/% CCR(C)/% DG(D)/% T4 7;; 8
1 1GB1 30 5 5 12.8 14.1 30.6
2 1GB1 40 10 10 13.0 20.1 35.9
3 1GB1 50 15 15 14.3 18.8 33.8
4 2 GB3 30 10 15 10. 8 14.3 31.9
5 2GB3 40 15 5 13.1 19.7 33.6
6 2GB3 50 5 10 17.9 20.8 35.4
7 3GB2 30 15 10 13.0 15.6 30.2
8 3GB2 40 5 15 15.4 18.2 31.5
9 3GB2 50 10 5 17.4 22.1 35.9

1.2.2 #ILRE SEM 2K F#& 2k K/ Apreo 2C HiVac BIFAHH T

FROULE R 32 A4 Ry B o 3 1) /) g
HOFRAEIOK CEEIR I, AR 1ok ik, - F i
B2 (SEM) A 7R (MIP ) PR, S0k 28 1k K AL it
FEE T 60 °C Y B2 THAH rhpET 2 18 5 Pk 7 i)
Ko HT XRD MHR A IR R 28 60 C Y H.25 T4
AP HE R E 2 I ES TR AT TR 0. 15 mm
DL R AR A

AR A T, I B H R 20 kv I X
AR IAITE 20 mA HLUE T H52E 80 s UM 4403

XRD MR IR R Cu-Ko 38, 5 K 40 KV HY,
i 40 mA A< 0.03 .20 FAHETE A 5°~55°,

MIP 3% AutoPore V9600 % R 7R 1Y, L2
M YEFEH 3 nm~400 pwm,

IR SR B A E 3 R,



144 s b ok A K b K 2 2 HRCE 8K R 2 R

2026 45 A

W%

’
T T
y. 1
e WITIREEHL SEMA=

i

3 RmmERARETERE

Fig.3 Test procedure and representative process
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Tab.3 Range analysis and results

Iﬁ E 7KEF A3d BBd C}d D3d A7d B7d C7d D7d A28d BZSd CZ&J D28d

1 40.1 39.2 46.1 43.3 53.0 44.0 53.1 55.9 100.3 92.7 97.5 100.1

k 2 41.8 41.5 41.2 43.9 54.8 58.0 56.5 56.5 100.9 101.0 103.7 101.5

3 45.8 49.6 40.4 40.5 55.9 61.7 54.1 51.3 97.6 105.1 97.2  97.2

1 13.4  13.1 15.4 14.4 17.7 147 17.7 18.6 33.4 30.9 32.5 33.4

k,, 2 13.9 13.8 13.7 14.6 18.3 19.3 18.8 18.8 33.6 33.7 34.6  33.8

3 15.3 16.5 13.5 13.5 18.6 20.6 18.0 17.1 32.5 35.0 32.4  32.4
K 3 3 2 2 3 3 2 2 2 3 2 2

R 1.9 3.4 1.9 1.1 09 59 1.1 1.7 1.1 41 2.2 1.4
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Fig.4 Comparison results of ideal gradation and actual gradation
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Fig.5 Comparison results of the particle gradation of raw materials under different

grinding times and ideal gradation
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Tab.4 Results of gradation design, compressive strength and fluidity test
- iV PURRE/ MPa k=il %4
S F :SS CCR DG 3d 7d 28 d mm
Y1 50% 18% :12% 10% 10% 17.4 23.6 36. 1 170
Y2 40% 24% :16% 10% 10% 10.8 16.3 35.4 185
Y3 27% 23% :30% 10% 10% 6.1 9.4 16.5 195
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Fig.6 Comparison results of the actual gradation under different design conditions and ideal gradation
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Fig.8 SEM pictures of solid waste—based cementitious materials at 3 d and 28 d ages
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Abstract: [ Objective] To achieve the goals of resource utilization of bulk solid waste and carbon emission reduction, it is
explored to prepare solid waste-based cementitious materials from bulk industrial solid waste, optimize the proportion design
method , improve the material performance, and realize its high value-added application. [ Methods] Taking compressive
strength and flowability as indicators, an orthogonal test was adopted to optimize the composition of multi-solid wastes, and the
Dinger-Funk model was further used to optimize the particle gradation of the multi-solid wastes powder, thereby obtaining the
optimal composition design of the multi-solid waste-based cementitious material. [ Results] (1) When the slag content was
40% , the mass ratio of fly ash to steel slag was 3:2, and the contents of desulfurized gypsum and carbide slag were both
10% , the 28-day compressive strength of the paste prepared from the solid waste-based cementitious material reached 35. 4
MPa, with a fluidity of 185 mm. (2) Compared with slag and steel slag, fly ash exhibited better grindability. Fly ash ground
for 60 minutes exerted an optimizing effect on the composite gradation of the solid waste-based cementitious material. (3)
Mercury intrusion porosimetry ( MIP) tests revealed that the proportion of macropores larger than 1 000 nm in the solid waste-
based cementitious material was high at the early age. After being filled and refined by late hydration products, most of these
macropores ( >1 000 nm) were transformed into micropores smaller than 50 nm, while the total pore volume of the matrix re-
mained basically unchanged. [ Conclusion] The mechanical and working properties of the multi-solid waste-based cementi-
tious materials designed through the combination of orthogonal experiments and the Dinger-Funk model meet the engineering

requirements. This design method has positive significance for promoting the application of bulk solid waste.

Keywords: solid waste-based cementitious materials; gradation design; dinger-funk model; orthogonal test
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