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Application of Dolomite Powder to 3D Printing Concrete

MENG Fanqi, YAN Ruizhen, KE Guoju, JIA Kerui, ZHOU Menglong, YANG Xiaokang
(College of Civil Engineering, Taiyuan University of Technology, Taiyuan, Shanxi, China)

Abstract:[Purposes] Dolomite powder (DP) is one of the natural waste powders generated dur-
ing the mining and processing of dolomite. For its better utilization, this study is carried out. [Meth-
ods] A sustainable 3D printing concrete (3DPC) was investigated by using DP as a partial replace-
ment of cement and the printability and mechanical properties of 3DPC were evaluated. Meanwhile,
mechanism analysis of the properties of hardened 3DPC with DP was conducted by using scanning
electron microscopy and energy dispersive spectroscopic X-ray analysis. Moreover, the potential of
DP usage to reduce carbon emission and energy consumption of 3DPC was explored. [Results] The
results show that the fluidity and open time of 3DPC are improved with the increase of DP content.
When the content of DP reaches 5%, the buildability and interlayer bond strength of 3DPC are im-
proved. The dedolomitization reaction of DP contributes to the improvement of flexural and compres-
sive strengths of 3DPC in the later stage. From this study, it can be concluded that incorporating a
certain amount (5% in this study) of DP can improve the printability of 3DPC without significantly in-
fluening its mechanical properties. Furthermore, the DP incorporation can reduce the amount of ce-
ment usage and decrease the carbon emission of printing materials.

Keywords: 3D printing concrete; dolomite powder; printability; mechanical property; environ -

mental impact
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Table 1 Basic physical parameters of cement

WFmp,  BESASWE/min HUPTIREE/MPa HUERE/MPa
(m’kgD) g & 3d 28d 3d 28d
379 160 220 4.9 8.6 249 513
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Table 2 Basic physical parameters of dolomite powder

W /(geem ) HERMA/(m* kg D FAKEL/% W H M
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Fig.1 XRD pattern of dolomite powder
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Table 3 Chemical compositions of cement, silica fume, and dolomite powder %
JBE AL L Ca0 SiO, Fe,0, ALO, MgO K,0O TiO, Na,O LOI
K 43.08 17.48 1.78 7.52 1.87 0.54 0.24 0.14 27.35
Y/ 0.65 81.03 1.14 0.43 0.83 1.6 — 0.54 13.78
Hz b 27.79 3.95 0.26 1.47 15.12 0.3 0.03 0.03 51.05
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Fig. 2 Particle size distributions of cement, silica fume, and

dolomite powder
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Table 4 Mix proportions of 3SDPC (g)
Hz ; o e £ %

25 K 13 £k FLIRH Wk L Vi
A ar K e 4 MK FLBH WK £k K
DO 0.00  1330.00 1000 60 0.8 3 1 305
D1 33.25 1296.75 1000 60 0.8 3 1 305
D2 66.50 1263.50 1000 60 0.8 3 1 305
D3 99.75 1230.25 1000 60 0.8 3 1 305
D4 133.00 1197.00 1000 60 0.8 3 1 305
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Fig.3 Interlayer bonding strength specimen
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Fig. 4 Effect of dolomite powder content on fluidity of 3DPC
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Fig. 5 Effect of dolomite powder content on open time of 3DPC
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Fig. 7 Stacked printings of 3DPC
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Table 5 Interlayer bond strengths of 3DPC specimens
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Table 6  Unit potential energy consumption and carbon
emission of each ingredient
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Table 7 Energy consumption and carbon emission data of
3DPC specimens
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