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A new 3D printing molding—degreasing—sintering process
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Abstract: In recent years, 3D printing is widely used
in various industries due to its advantages. The
traditional metal material 3D printing processes are
mainly based on selective laser sintering technology.
The equipments and raw materials are very expensive.
Additionally, because of various limitations of the raw
materials and the intensity of the laser beam, there are
various problems in the processed parts and their post- ‘ .
treatment process. In China, the equipments for 3D

printing and raw materials in the form of metal  Wicroscopic state diagram B
powder are mostly imported and expensive. Aiming 3D printing molding body
at this situation, a new 3D printing molding—degreasing—sintering process which was based on 316L stainless steel
powder and polymer material formulation was proposed in this work. Firstly, the formula material was fully mixed by
the open mill, crushed and dried. The particle size of mixed material was relatively uniform. Then, the metal blank was
3D printed by using the self-developed powder feeding 3D printer, and the metal body was degreased by solvent
degreasing method. Finally, the sintering experiments were carried out to study the samples obtained under different
sintering conditions. The optimum sintering process was obtained through the analysis about physical and mechanical
properties of the samples. The results showed that with the increase of sintering temperature, the densification degree
of sintered products gradually increased, and the physical and mechanical properties were gradually improved. When
the sintering temperature was 1370 °‘C, the physical and mechanical properties of the obtained metal products were the
best. The properties of metallurgical products produced by this technology are similar to those produced by traditional
powder metallurgy, the sintered density reached 7.43 g/cm®, the tensile strength reached 501.2 MPa, the impact
displacement reached 4.54 mm, the elongation reached 27.1%, the bending resistance reached 16.54 KN, and the
hardness reached 80.74 HRB. At the same time, through micro-contrast, mechanism analysis and experimental
verification, it was proved that 1370 ‘C was the best sintering condition, and the sintered products had the advantages
of uniform composition, fine structure and stable performance. The research of this molding method was beneficial to
reduce the cost of metal 3D printing and the difficulty of molding complex metal products, and the method had broad
prospects.
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Fig.5 Sintering processes under different sintering temperatures of 1070, 1170, 1270 and 1370°C
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Table 1 Test results and corresponding values of traditional powder metallurgy products
p p yp
Sintering Sintering density/ Tensile The impact - fion/% Bending Hardness
ongation
temperature/'C (g/cmd) strength/MPa displacement/mm 9 ’ resistance/KN /HRB
1070 5.92 419.2 8.33 14.3 8.79 52.10
6.11 405.3 8.50 141 8.72 52.30
6.27 410.3 8.61 13.6 8.71 52.14
Average 6.10 411.6 8.48 14.0 8.76 52.18
1170 6.77 455.6 7.12 19.8 12.60 66.46
6.85 460.5 7.04 19.9 12.58 66.52
6.81 457.3 7.02 19.7 12.65 66.22
Average 6.81 457.8 7.06 19.8 12.61 66.40
1270 7.32 490.1 5.04 254 15.55 77.30
7.23 485.4 4.90 25.1 15.57 77.28
7.05 495.1 4.97 25.1 15.62 77.50
Average 7.20 490.2 4.97 25.2 15.58 76.36
1370 7.61 503.0 4.50 27.2 16.49 80.54
7.28 498.3 4.60 27.1 16.60 80.80
7.40 502.3 4.52 27.0 15.53 80.88
Average 7.43 501.2 4.54 27.1 16.54 80.74
Machining 316L 7.92 532.7 4.40 30.0 18.30 87.00
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Fig.9 Schematic diagrams of changes in microstructure during sintering
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