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V Abstract
Laser beam soldering with glass-ceramic filler materials

The advancing technical progress in production technology gives great demands on novel
joining techniques. Innovative joining processes have to be developed to enable joining of
up-to-date materials. Often not only a robust joint of dissimilar materials must be
guaranteed. Electrical insulation at a high operation temperature, vacuum tightness or inert
behaviour in aggressive atmospheres are several specifications which need to be fulfil in
parallel. To meet the requirements, new tools and technologies have to be developed
which allow new joining solutions. The economic aspects resulting from new process

variants are not less important e.g. cost minimization [1].

Even though being used since several decades, the laser allows new process variants,
which were not realizable before or just with high complexity. Due to its excellent
focusability and exact power adjustment the laser energy can be applied and localized
selectively. Because of the fast heating, the heat affected zone is reduced considerably.

This has a positive influence on process and joining results.

Laser beam soldering with glass sealants is one of these innovative processes. Due to the
application of laser, the heating of a whole unit can be avoided in contrary to the
conventional furnace process. Since several years laser beam soldering with glass
sealants is used for joining glasses and ceramics to produce high temperature resistant
and chemically stable joints. Examples are packaging of sensors [2] or gas tight packaging
of micro devices and electronic components [3]. Joining of metal parts with glass sealants
is widely-used in SOFC-technology, but limited to the furnace technology. During the
joining process a SOFC stack consisting of several repeating units with metallic
interconnects and frames with glass sealant applied onto is joined for several hours

simultaneously under constant pressure in a high temperature furnace at 800 - 950 °C

Central Institute for Technology (ZAT) of Forschungszentrum Jilich GmbH develops the
technology of fuel cell applications for stationary and mobile use is. Of crucial importance
is the use of self developed glass sealants as joining and insulation medium. The
properties of sealants are adjusted to the properties of used materials (X1CrTiLa22).
Important parameters are glass transition temperature and coefficient of thermal
extension. The transition temperature of the sealant should be considerably lower than the

melting temperature of steel and both coefficient of thermal expansion should be adjusted
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to each other. Already developed sealants are suited perfectly for furnace technology and
can be taken as state-of-art for manufacturing of SOFC stacks.

Leakages which may occur during furnace joining make a stack unusable. A rejoining of
the crystalline glass sealant after the initial joining is impossible because of presumable
damage of the stack due to increased rejoining temperatures. The laser beam offers new
applications for repair. Two possibilities are evaluated within the scope of this research
study. The repair applications can be performed with and without additional glass sealant.
Both variants show a considerable improvement of the leakage from 107" mbarl/s to
10 mbarl/s. So it is possible to repair untight external seals to separate fuel gas and

oxygen and to avoid the danger of oxyhydrogen explosion.

It was shown that laser beam soldering with glass sealants can be used for joining metal
parts successfully. The laser sources within NIR-range (Nd:YAG, Diode, Fibre) are better
applicable for joining glass ceramics with metals than laser sources within MIR-range
(CO2).



