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Results & Discussion

FGF material could achieve 89.5% of the MIM-
results, using setup 2 at 8mm/s printing speed

Introduction

Novel research introduces Mg and Ti-alloys into

binder based processing techniques, such as MIM for

near net shape mass production, as well as 3D-

printing for individual prototyping, even with hollow

structures inside (see Fig.1a/b).
Fig.1a:  Fused Granular Fabricated (FGF) -scaffold and implant demonstrator parts, 

showing hollow inside structure at possibility of outer dense shell structure.  

Fig.1b:  Fused Granular Fabricated (FGF) AZ41-scaffold showing hollow inside 

structure

Titanium-Alloys Magnesium-Alloys

Ti-6Al-4V < 20 µm

Powder Binder

35% ethylene vinyl acetate

60% paraffin wax 

5% stearic acid

Total binder content:

10 wt% ≙ 35 vol%

MIM and FGF tensile test specimens

Processing
Solvent debinding: 15 h in hexane

Thermal debinding: 1 h in Argon, 150 l/h at 5 mbar
Sintering: 1 h under vacuum, 1300 °C

Porosity

Tensile properties: Ti

Same strength and ductility despite of printing defects and higher porosity of FGF 
samples

Powder

Mg-4Al-0.6Zn < 45 µm

Binder

35% PPcoPE

60% paraffin wax 

5% stearic acid

Total binder content:

21.4 wt% ≙ 36 vol%

Processing
Solvent debinding: 15 h in hexane

Thermal debinding: 4 h in Argon, 24 l/h at 20 mbar
Sintering: 8 h under Argon, 620 °C

Sketch of the infill of different FGF-printed specimens 
a) diagonal infill b) longitudinal infill

Samples Samples

MIM and FGF tensile test specimens

Tensile properties: Mg

FGF:  

• Infill geometry and construction direction of the printed part show 

only minor influence on final material properties.

• The printing speed seems to be the major influencing factor for 

successful printing results.

• High printing speed  under-extrusion  pore 

chains

MIM: Residual porosity: 1.6%

smooth surface
isotropic pore distribution

SEM image of cross section 

OM image of longitudinal cuts of tested 
specimens  

FGF: Residual porosity: 1.9%

rough surface
anisotropic pore distribution

OM image of longitudinal cuts of tested 
specimens  Partially 

insufficient 
connection 

between infill 
and perimeter 

SEM image of cross section 

Printing defects

Porosity

Methods

• Feedstock preparation 

• Dogbone shape tensile test specimen produced 

by:

• MIM, using an Arburg 370A 

• FGF, using a self-engineered granular Extruder 

onto AIM3D ExAM255 machine

FGF                                                       MIM

• Printing parameter study 

Residual porosity: 1.74%
rough surface
anisotropic pore distribution

Residual porosity: 1.32%
smooth surface
isotropic pore distribution

MIMFGF_setup 1

marginal pore chains visible
and crosswise lined density differences

x-ray Tomography

Binder-based Mg- and Ti-biomaterials –
comparison between FGF and MIM


