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Abstract: In order to reduce carbon emissions during highway construction, the application of solid waste materials such as coal
gangue, blast furnace slag and fly ash in 3D printing technology is realized. This paper studies the design and performance of
multi — source solid waste materials based on 3D printing technology. The effects of fly ash cement mass ratio, water — binder
ratio, sand — binder ratio and water reducer on the printability, buildability, physical and mechanical properties and durability
of materials are analyzed. The results show that the water — binder ratio and water reducer are the main factors affecting the
fluidity of solid waste materials, which are positively correlated with the fluidity; The height change rate and compressive
strength of the printing material decrease with the increase of water — binder ratio, the water — binder ratio should be 0. 35; The
mass ratio of fly ash to cement is negatively correlated with compressive strength, the mass ratio of fly ash to cement should be
10:90; With the increase of sand — binder ratio, the compressive strength of printing materials increases first and then decreases,
and the peak point appears at 1. 2; The durability of solid waste material is negatively correlated with the dosage of water reducing

agent, the dosage should not exceed 1% . The research results can provide reference for the design and application of similar 3D
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printing materials.
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Table 1 Chemical composition of each material /%
2R Ca0 Si0, Al, Oy FeO, Fe, 04 MgO Na, O K,0 S0, MnO P, 05 TiO, HAl
JERT A1 1.7 61.7 14.9 3.1 7.2 2.2 2.2 2.4 0.1 0.1 0.2 0.5 3.7
FEE 39.2 35.0 11.7 — 0.5 8.3 — — — 1.0 — — 4.3
IR 4.1 47.1 24.0 — 8.5 0.8 0.7 0.9 0.7 — — — 13.2
KR 61.0 22.3 5.0 4.8 — 2.3 0.1 0.8 2.2 0.5 0.1 0.6 0.3
x2 BHRRKE *3 RAKGAHEYEER
Table 2 Particle gradation /% Table 3 Physical properties of polypropylene fiber
ME&FR 2 mm 1 mm 0.5mm  0.25 mm 0.074 mm K WE ES BB KIE BRI sk
WA 100 93.5 79.8 46. 1 4.8 ke /g/em®)  C /um  /mm J¥/MPa £%/% &/GPa
P 100 99 9 85, 1 61.9 17.2 FEARER 0.91 =165 25 12+x1 =500 =20 =5.2

RIS 0.91 167 25 12 510 20 5.5
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Table 4 Physical properties of polycarboxylate superplasticizer / %
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Table 5 Mix proportion design

S5 WL BB OKYE KR KB %
1 1.0 5:95 0.32

2 1.0 10:90 0.35 0.5
3 1.0 15:85 0.38 1.0
4 L0 20:80 0.40 L5
5 1.1 5:95 0.35 1.0
6 1.1 10:90 0.38 1.5
7 1.1 15:85 0.40

8 1.1 20:80 0.32 0.5
9 1.2 5:95 0.38 L5
10 1.2 10:90 0.40

11 1.2 15:85 0.32 0.5
12 1.2 20:80 0.35 Lo
13 1.3 5:95 0.40 0.5
14 1.3 10:90 0.32 1.0
15 1.3 15:85 0.35 L5
16 1.3 20: 80 0.38
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Fig. 1 Relationship between fluidity and the level of each factor
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rate and the level of each factor
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