
Author’s Accepted Manuscript

Evolution of mechanical performance with
temperature of W/Cu and W/CuCrZr composites
for fusion heat sink applications

E. Tejado, A.v. Müller, J.H. You, J.Y. Pastor

PII: S0921-5093(17)31652-0
DOI: https://doi.org/10.1016/j.msea.2017.12.054
Reference: MSA35896

To appear in: Materials Science & Engineering A

Received date: 6 September 2017
Revised date: 11 December 2017
Accepted date: 12 December 2017

Cite this article as: E. Tejado, A.v. Müller, J.H. You and J.Y. Pastor, Evolution
of mechanical performance with temperature of W/Cu and W/CuCrZr
composites for fusion heat sink applications, Materials Science & Engineering A,
https://doi.org/10.1016/j.msea.2017.12.054

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 galley proof before it is published in its final citable 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.

www.elsevier.com/locate/msea

http://www.elsevier.com/locate/msea
https://doi.org/10.1016/j.msea.2017.12.054
https://doi.org/10.1016/j.msea.2017.12.054


1 

 

Evolution of mechanical performance with temperature of W/Cu 
and W/CuCrZr composites for fusion heat sink applications 

E. Tejado1, A. v. Müller2,3, J.H. You2, J.Y. Pastor1 

 

1 Departamento de Ciencia de Materiales-CIME, Universidad Politécnica de Madrid 

C/ Profesor Aranguren 3, E28040-Madrid, Spain 
2Max-Planck-Institut für Plasmaphysik, 85748 Garching, Germany 

3Technische Universität Munchen, 85748 Garching, Germany 

 

CORRESPONDING AUTHOR: 

Elena Tejado 

Departamento de Ciencia de Materiales-CIME, Universidad Politécnica de Madrid,  

C/ Profesor Aranguren 3, E28040-Madrid, Spain. 

Telephone: +34 913 365 243 

Email: elena.tejado@upm.es 

 

Abstract 

Power exhaust and materials lifetime have been identified as key challenges for next-

generation fusion devices. A water-cooled monoblock divertor, consisting of tungsten as 

the plasma facing material and copper-based composites as the heat sink, has been 

proposed as the baseline material. However, there is a large mismatch in the coefficient of 

thermal expansion and the elastic modulus between these metals, which requires the 

development of new materials.  

The goal of this study is the mechanical and microstructural characterization of two 

composites materials, W-30 wt%Cu and W-30 wt%CuCrZr, produced using liquid 

infiltration in an open porous tungsten preform. To reproduce the most adverse in-service 

conditions, materials were characterized under high vacuum atmosphere up to 800 °C. 

From the measured mechanical properties, a remarkable temperature dependence can be 

assessed, since it is noticeable that for both materials, tensile and flexural strength equally 

decrease as the measurement temperature increases. However, the fracture behaviour of 

W-30CuCrZr is on average 25% higher than that of W-30Cu (21 MPa.m1/2 versus 17 

MPa.m1/2 at RT) although this gap is narrower at higher temperatures; at 800 °C, the 

contribution of the Cu-based phase is quite low, thus fracture is primary controlled by 

the W initial skeleton. From these values, it can be inferred that the the yield strength and 

fracture toughness of W-30CuCrZr composite are superior, whilst it presented lower 

elastic modulus and rupture strain values than the W-30Cu composite.  

As a result, the metal matrix composites presented in this article could effectively dissipate 

heat while overcoming the thermal stresses produced during operation, since a decent 

thermomechanical performance was observed at relevant reactor temperatures. This is of 

vital importance to enhance the performance, life cycle, and reliability of the component.  
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