To support Wieland's efforts to manufacture commercially viable additivity manufactured copper, our
team was asked to develop postprocessing techniqgues and characterize mechanical and electrical
properties of Direct Metal Laser Sintered (DMLS) and Binder Jet printed samples. Tensile testing

This work Is sponsored by Wieland Rolled
Products North America, East Alton, IL

proved that heat treating DMLS samples Is an effective way to increase yield strength. Sintering
studies with Binder Jet printed samples showed effective binder burnout and incomplete sintering. WI e a n
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Problem Statement » .
Electrical Conductivity Table 2: Conductivity Testing Results
* How do the mechanical_ and electrical properties_of  One printed, non-heat-treated bar was tested (Table 2) Voltage | Length Resistivity Resistivity
parts manufactured via DMLS and binder jet » Cross sectional area: 0.027 cm”2 ; Current: 50 mA (BV) (cm) (nQem) (%IACS)
g : « Conductivity of DMLS is much lower than wrought reference (80% IACS), due to 71 6.30 55 6 31.0
printing compare to part manufactured via much smaller grain size in DMLS samples - - -
traditional casting and wrought processing? + Heat treated samples not tested due to constraints of number of samples 46 4.62 °3.0 32.5
 Goal: Characterize DMLS printed C18150,
conduct heat treat studies to improve mechanical
roperties, and determine sintering procedure for : , , ' '
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.. . Density Factors that Varied in Sintering Studies
Table 1. Compositions of alloys of interest Binder Jet C102 Densities . Temperature
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Exper_lmental P_rOCEdure 5 6.0- 1025°C held for 6 hours. Gas was flowing for the
Heat Treat Studies on DMLS Printed C18150 S ® burnout and cooldown periods but was shut off
» Samples heated to 950°C and held for 1hr 0 98- - ® during sintering. Post-sintered oxygen
» Samples water quenched to room temp 56/ M + > conta_minatio_n was minimal (0-5%). Samples_ still
. Samples heated to 450°C for 1-4hr or 500 °C for . N contained ;lgnlflcant porosity between printed
1-2hr and air cooled to room temp 940 960 980 1000 1020 1040 1060 rows after sintering.
Sintering Studies on Binder Jet Printed C102 Temperature [C°] S C £ 5 4 Figure 5: The microstructure of the
o - - ' sample sintered for 6 hours at
« Samples heated to_ 450 °C for various isothermal Figure 4: Plot of density of binder jet printed 1025'000 displays relatively large
holds to burn out binder C102 samples after sintering at various temperatures. grains (3316 + 4 um?2 area) with
. : o The highest densities were achieved at 1025°C after 6 twinning visible (indicated with
Samples sintered for 6 to 22 hours at 900-1050°C hours of sintering and were 74.2% dense compared to green arrow). Voids appear to
* Sintering conducted under forming gas pure copper. cluster along build planes (circled

atmosphere (5% H,, 95% N,) In tube furnace in red).

Density Measurements
* Archimedes' Method using water as liquid
Electrical Conductivity
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