Author’s Accepted Manuscript
CERAMICS

Silica-free investment casting molds based on INT RNIL%NAL

calcium zirconate

Lisa Freitag, Stefan Schaffoner, Nicole Lippert,
Christina FaBlauer, Christos G. Aneziris, Claudia
Legner, Ulrich E. Klotz

www.elsevier.convlocate/ceri

PII: S0272-8842(17)30286-9
DOI: http://dx.doi.org/10.1016/j.ceramint.2017.02.098
Reference: CERI14714

To appear in:  Ceramics International

Received date: 11 January 2017
Revised date: 17 February 2017
Accepted date: 21 February 2017

Cite this article as: Lisa Freitag, Stefan Schaffoner, Nicole Lippert, Christin
FaBauer, Christos G. Aneziris, Claudia Legner and Ulrich E. Klotz, Silica-fre:

investment casting molds based on calcium zirconate, Ceramics Internationa
http://dx.doi.org/10.1016/j.ceramint.2017.02.098

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


http://www.elsevier.com/locate/ceri
http://dx.doi.org/10.1016/j.ceramint.2017.02.098
http://dx.doi.org/10.1016/j.ceramint.2017.02.098

Silica-free investment casting molds based on calcium zirconate

Lisa Freitag®*, Stefan Schafféner®, Nicole Lippert?®, Christina FaBlauer®, Christos G. Aneziris®, Claudia
Legner, Ulrich E. Klotz"

@ Institute of Ceramic, Glass and Construction Materials, TU Bergakademie Freiberg, Agricolastrasse 17, 09599 Freiberg,
Germany
bfem Research Institute for Precious Metals and Metals Chemistry, Katharinenstrasse 17, Schwaebisch Gmuend, Germany

Abstract

Investment casting allows the near net shape production of complex cast parts, but the investment casting
of high melting and highly reactive titanium alloy melts is very difficult. Calcium zirconate (CaZrQOg) is
a novel ceramic refractory material, which is particularly stable in a highly reducing atmosphere and in
contact with extremely reducing titanium alloy melts such as Ti6Al4V. Besides the refractory, the choice
of the binder is equally important because conventional silicate binders significantly impair the corrosion
resistance. Although there have been successful attempts to develop CaZrQOgs investment casting molds,
silica-free CaZrQOjs investment casting molds using a water-based binder have not yet been reported.

For the first time, CaZrOs investment casting molds using a silica-free water-based binder system were
successfully produced. Moreover, the rheological behavior of the slips and the chemical, physical and mi-
crostructural properties of the molds were extensively described. Investment casting of Ti6Al4V led to an
exceptionally low hardness increase of the cast part, suggesting that only a slight corrosion reaction took
place. Thus, the silica-free CaZrOg investment casting molds contributed to an improved investment casting
of titanium alloys.
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1. Introduction breaking the shell [1]. Fig. 1 provides a general
model of the ceramic coats produced by dip-coating
and stuccoing on the wax pattern.

Despite the many benefits of titanium alloys, a
central problem is the high reactivity and the
high melting point of the melts, which requires a
corrosion resistant refractory material with a high
melting point. Thus, many studies in recent years
focused on the development of refractory materials
for titanium alloy melts [2-10]. Yet, conventional
refractories such as AlyO3, SiOs, ZrO,, CaO and
Y503 were not sufficiently corrosion resistant. Y203
showed generally the best behavior but the melt was
*Corresponding author still contaminated by the precipitation of insoluble

Email address: 1lisa.freitag@ikgb.tu-freiberg.de yttrium as YoOgz [3]. It is also the most expensive
(Lisa Freitag)

Titanium alloys play a key role in aerospace as
well as in biomedical and chemical industries due
to their high strength combined with a low density
and an excellent corrosion resistance [1]. Investment
casting is a profitable technology for the near net
shaping of complex cast parts. During casting, a
ceramic refractory mold, which is produced by the
lost-wax process, is filled with the liquid metal melt.
After solidifying, the ceramic mold is removed by
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