
�������� ��	
�����

Powder metallurgical processing of low modulus β-type Ti-45Nb to bulk and
macro-porous compacts

R. Schmidt, S. Pilz, I. Lindemann, C. Damm, J. Hufenbach, A. Helth,
D. Geissler, A. Henss, M. Rohnke, M. Calin, M. Zimmermann, J. Eckert,
M.H. Lee, A. Gebert

PII: S0032-5910(17)30749-0
DOI: doi:10.1016/j.powtec.2017.09.015
Reference: PTEC 12820

To appear in: Powder Technology

Received date: 16 June 2017
Revised date: 10 August 2017
Accepted date: 6 September 2017

Please cite this article as: R. Schmidt, S. Pilz, I. Lindemann, C. Damm, J. Hufenbach, A.
Helth, D. Geissler, A. Henss, M. Rohnke, M. Calin, M. Zimmermann, J. Eckert, M.H. Lee,
A. Gebert, Powder metallurgical processing of low modulus β-type Ti-45Nb to bulk and
macro-porous compacts, Powder Technology (2017), doi:10.1016/j.powtec.2017.09.015

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.powtec.2017.09.015
http://dx.doi.org/10.1016/j.powtec.2017.09.015


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

1 
 

Powder metallurgical processing of low modulus β-type Ti-45Nb to bulk and macro-porous 

compacts  

R. Schmidt a,b,*, S. Pilz a,b, I. Lindemann a, C. Damm a, J. Hufenbach a, A. Helth a, D. Geissler a, A. Henss c, 

M. Rohnke c, M. Calin a, M. Zimmermann b, J. Eckert a,b,1, M. H. Lee d, A. Gebert a 

 

a Leibniz Institute for Solid State and Materials Research Dresden, Helmholtzstr. 20, D-01069 
Dresden, Germany 

b TU Dresden, Institute of Materials Science, D-01062 Dresden, Germany 

c Justus-Liebig University Giessen, Institute for Physical Chemistry, Heinrich-Buff-Ring 17, D-
35392 Giessen, Germany 

d Korea Institute of Industrial Technology, 156, Gaetbeol-ro (Songdo-dong), Yeonsu-gu, 
Incheon, 21999, Republic of Korea 

 

Abstract 

Low modulus Ti-45Nb is a promising new alloy for bone implant applications owing to its 
excellent biocompatibility combined with bone-adapted mechanical performance. The 
present work demonstrates the applicability of powder metallurgical processing, i.e. hot 
pressing (HP) and spark plasma sintering (SPS), for the compaction of gas-atomized alloy 
powder under preservation of the main β-phase. Additional milling of the gas-atomized 
powder leads to irregular shapes and is effective for a significant refinement of the β-phase 
grains but causes increased oxygen contents. 

The yield strength of nearly fully dense samples increased from ≈450 MPa for samples made 
from gas-atomized to ≈900 MPa for samples made from additionally milled powder while 
the Young’s modulus remains low.  

Exemplarily, the production of macro-porous Ti-45Nb samples with 30 % porosity by means 
of hot pressing with NaCl as space holder is demonstrated. At this porosity level Young’s 
modulus values ≤ 5 GPa can be obtained. Also for macro-porous samples the use of 
additionally milled powder was beneficial for achieving increased strength values of 
≈140 MPa. Mechanical performance data comparable to those of healthy spongy bone are 
obtained.  
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