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Additive manufacturing has the well-known benefits of reduced waste material and geometrical freedom
in parts. Powder bed binder jet 3D printing is a type of additive manufacturing that is versatile, is not
energy based, operates in air at room temperature, and allows for controlled densification during post-
processing. In BJ-3DP, a layer of powder is spread flat by a roller on a build bed. A printhead selectively
deposits binder onto the powder in a pre-determined path for that layer. The build bed moves down by
one layer thickness, another layer of powder is spread, the binder is deposited, and the process repeats
until the part is complete. After printing, the entire build bed of powder is heated in an oven to fully cure
the binder, after which the parts can be handled but are still approximately 50-60% dense [1,2]. For metals,
a.common post-processing option is pressureless sintering, using only high temperatures to allow the metal
powders to densify into a solid part that is 70-100% dense [1,3].

Ni2MnGa off-stoichiometric Heusler alloys have been heavily researched as functional magnetic materials
[4,5]. Their solid-state phase transformation between low temperature martensite and high temperature
austenite gives rise to the existence of, for example, a magnetic shape memory effect or a magnetocaloric
effect. The magnetocaloric effect in particular (when a material changes temperature with adiabatic
magnetization) is most effective when materials are layered in order of their Curie temperatures [6]. BJ-
3DP may be beneficial for producing magnetocaloric compositions of Ni-Mn-Ga alloys due to the lack of
melting during printing and the ability to design complex geometries for heat exchangers, but the ability
to layer different compositions to create a gradient of Curie temperatures is currently missing.

This study used a self-designed and self-built manual binder jet 3D printer capable of accommodating
multiple materials into a single build. Single-composition and stacked layer samples of Ni49.7Mn30.0Ga20.3

and Nis9.6Mn19.2Gas.3Cu24.9 (at.%) were produced and analyzed for thermal properties and compositional
variations.

Multi-layered printing was tested by using the Ni-Mn-Ga and a Cu-doped Ni-Mn-Ga composition in each
of the powder feeders in the manual binder jet 3D printer. 16 total 250 um thick layers were printed, in 4-
layer increments of each material. Printing of these same pure powders and sintering at 1080 °C showed
very distinct martensitic transformation temperature ranges (Fig. 1), from 5-22 °C for the

Nis9.6Mn19.2Gae.3Cu24.9 and 60-102 °C for the Nisg.7Mn30.0Gazo.3. The printed layered structure retained
two distinct peaks, at 45-58 °C and 58-82 °C, though these phase transformation temperatures were
significantly shifted from the pure samples due to a high level of sensitivity to composition in these alloys.

Layers in the multi-layered printing were also visually distinct as in the SEM micrograph in Fig. 2, mainly
due to differences in densification since the Cu addition lowers the melting point. There was some
diffusion of elements confirmed by EDS elemental analysis, the reason for the phase transformation
temperature shift in DSC data. However, there were points with 0 at.% Cu in the center of the Ni-Mn-Ga
layer, indicating that powder mixing did not occur during the printing process. Continued work includes
binder deposition optimization and testing with different particle sizes and shapes [7].
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Figure 1. Thermal transformation data for Ni-Mn-Ga, Cu-doped Ni-Mn-Ga, and a layered print comprised
of both materials.
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Figure 2. Composition analysis along a line through the layered sample cross-section. Data was collected
at each indicated point.
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