research, develop,
measure. The fem.

1

THE RESEARCH INSTITUTE
Since 1922 the fem is the world’s only independent
Institute for Precious Metals Research. The aim of our
research in the fields of materials science and surface
technology is to develop pioneering solutions for the
industry.

The Research Institute for Precious Metals and Metal
Chemistry in Schwäbisch Gmünd deals with various issues
of material and surface technology. We are specialized in
precious metals and galvanic surface treatment. Other
priorities are corrosion, analytics, light metals and coating
layers, pyhsical and chemical layer depositions, material
physics as well as material and layer characterization.
Basic research and applied research are closely linked at
the fem – following our conviction that innovative
solutions are only achieved if one has detailed knowledge
of the basics. This also benefits our services: The fem
provides a comprehensive range of services with the latest
equipment and instruments. About 200 procedures and
test methods are accredited according to DIN EN ISO / IEC
17025. Our customers and partners are from all sectors of
the metalworking industry and business, from universities,
research institutions and other public institutions.

RESEARCH, DEVELOP, MEASURE – THIS TRIAD
OUTLINES THE TASKS AND SERVICES OF THE FEM
RESEARCH and DEVELOP stand for the new development and
optimisation of materials, layer systems and processes by order
of the industry and for the application-oriented basic research
within publicly sponsored projects. MEASURE comprises services, expert reports and consulting, from independet failure
analysis to process-accompanying support.
RESEARCH
Research projects are sponsored by the State of Baden-Württemberg, the Federal Government and the European Union.
Of particular importance is the national and international cooperation with industry, universities and reseach facilities. This
cooperation reflects the high scientific level and is the basis for
their continuous development.

DEVELOP
Application-oriented and business-related research and development take place within the so-called Industrial Collective
Research and by direct order of the industry. Focus is the development and optimization of procedures and processes as
well as their adaptation to the requirements of specific application fields.
MEASURE
Material testing and layer characterization are the focus of
the services offered to industry, small and medium-sized enterprises, public clients and private individuals. The experience
and independence of the fem are the foundations for the high
quality of all reports and failure analysis.

PERSONNEL AND BUDGET
PERSONNEL 2018
As of December 31, 2018, the fem had 84 employees.

REVENUES 2018 (€ MILLION)

Industry

Public Funding

Inst. Support
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Including 43 scientists and engineers, 26 technicians and laboratory assistants, 8 people in administration and secretarial
staff, one employee for quality management and documentation staff, as well as 6 employees in the field of technical services.
In addition, there were numerous interns, bachelor and
master candidates as well as doctoral students.
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BUDGET 2018
The total revenues
EUR 6.34 million.
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The revenues consist of direct industrial revenues, funding
for research projects, the institutional support of the Ministry of
Economic Affairs, Labour and Housing as part of the Technology Promotion by the State Baden-Württemberg.
For the year 2018 revenues from industrial orders are
around EUR 2.60 million. Public funding was granted in
the amount of EUR 1.91 million. Under the program of Technology Promotion by the State Baden-Württemberg the fem
received EUR 1.83 million.
Thereby the State of Baden-Württemberg provides an important contribution to the strengthening of research infrastructure.
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Personnel costs represent the highest single item for expenses
in 2018 with EUR 4.85 million. The remaining expenses include investments, material costs and third-party services totaling
EUR 1.58 million (excluding building and special investments).
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1922

Opening of the Research Institute with the departments Precious Metals and Electrochemistry/Electroplating in Schwäbisch Gmünd/Germany

1926

Founding of a pilot workshop for Electroplating

1958

New Building in the Katharinenstraße 17

1965

Founding of the department Environment Analytics

1977

Founding of the department Aluminium Surface
Technology

1989

Founding member of the European Academy of
Surface Technology (east)

1989

Founding of the department Physical Surface and
Thin Layer Technology (PVD)

1996

Recognition of accredited Testing Laboratory
according to DIN EN 45001 (DAP)

1998

Opening of a building extension with laboratories
and office space on 350 sqm

2004

By combining the departments PVD and Material
Physics the department Plasma Surface Technology
and Material Physics is founded

2008

Successful evaluation by the Ministry of Economics
Baden-Württemberg

2010

Commissioning of the 3D X-Ray-Computertomography

2011

Opening of a new building, the Applikationstechnikum

2014

New research focus: Battery technology and additive
manufacturing processes

2015

Founding member of the Deutsche Industrieforschungsgemeinschaft Konrad Zuse e.V.

2017

Successful evaluation by the Ministry of Economics
Baden-Württemberg

HISTORY

ASSOCIATION

In October 1922, the „Research Institute and Trial Office for
Precious Metals“ took on his work. In a time, when the precious metals industry in Schwäbisch Gmünd struggled with
immense physical and financial burdens, it was in urgent
need of support from the scientific community. Even then,
the institute was characterized by its independence and its
application-oriented research for business and industry.
This has not changed until today.

The fem is an independent institute which was founded
over 90 years ago by the industry, the state of Württemberg and the city of Schwäbisch Gmünd. It is run by the
registred association for the Research Institute for Precious
Metals and Metals Chemistry. Under its statutes the Institute has the task „to do scientific research, particularly in the
fields of precious metals and other metals as well as the
metal chemistry and to transfer the results to the industry“.
The fem profits from the commitment and the expertise of
its institutional members.

On the initiative of representatives of Gmünd precious metals
industry and the then head of the National Higher Technical
School for the Precious Metal Industry, Professor Walter Klein,
the „Verein für die Probier- und Forschungsanstalt für Edelmetalle in Gmünd e.V.“ was founded 1922. The Institute was opened in the premises of the technical school. According to the
statutes its task was to support the local industry in all aspects
of the investigation and processing of precious and base metals. Prof. Dr. Ernst Raub, who took over the management in
1934, turned the Institute into a significant and world-renowned
research institute in the field of precious metals.
1958 the fem moved out and entered the new building building
in the Katharinenstraße where the fem is to this day. The new
tasks also changed the name: The Institute became the „Research Institute for Precious Metals and Metals Chemistry“, short:
fem. The past nine decades witnessed so many economic and
technological upheavals as never before. The Research Institute
in Schwäbisch Gmünd also has had to adapt again and again to
new conditions. A wise and far-sighted leadership and research
work that takes into account both continuity and flexibility, was
and still is the basis for the success of the fem.

BOARD
Dipl.-Ing. (FH) Thomas Engert,
Schwäbisch Gmünd (Chairman)
Prof. Dr. Uwe Landau, Berlin
Dr. Philipp Reisert, Pforzheim
ADVISORY BOARD (ELECTED MEMBERS)
Martin Geiger, Geislingen
Dr. Stefan Haep, Duisburg
Dr. Frank Krüger, Hanau
Dipl.-Ing. Günther Lausmann, Stuttgart
Dipl.-Volksw. Klaus Moser, Heidenheim
Dipl.-Ing. Gerhard Sedlmayr, Pforzheim
Prof. Dr. Michael Stoll, Freiberg
Dr. Gernot Strube, Geislingen
Dr. Gerd Wagner, Idar-Oberstein
INSTITUTIONAL REPRESENTATIVES
Ministry of Economic Affairs, Labour and Housing
Baden-Württemberg
Steinbeis-Stiftung für Wirtschaftsförderung
Edelmetallverband e.V.
City of Schwäbisch Gmünd
Hochschule für Gestaltung Schwäbisch Gmünd
Hochschule Aalen
Fachvereinigung Edelmetalle e.V.
DIRECTOR
Dr. Andreas Zielonka
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DEPARTMENTS
The fem consists of five departments: Physical Metallurgy,
Electrochemistry, Lights Metals Surface Technology,
Plasma Surface Technology and Materials Physics as well
as Analytics. The variety of departments and methods
allows interdisciplinary research in the field of materials
science and the examination of the whole coating process
– from the selection of materials, pre-treatment, procedure selection and adjustment, material and layer testing to
surface characterization and analysis.

Around 80 employees currently work at the fem, including
scientists and engineers, laboratory technicians and
employees in administrative and general services. There is
also a constantly changing number of trainees, diploma,
bachelor‘s and master‘s candidates, graduate students and
foreign scholars. The fem offers career and study orientation as well as courses for primary school students, where
a playful insight into the world of metals is possible. By
the way: About 60% of our employees are women – because we emphasize the compatibility of work and family.

Director

Dr. Andreas Zielonka
T +49 7171 1006-100 | zielonka@fem-online.de

Administration

Beate Bäuerle | Personal Assistant to the Director
T +49 7171 1006-101 | baeuerle@fem-online.de

Dipl.-Math. Oec. Susanne Wilsch | Quality Management
T +49 7171 1006-109 | wilsch@fem-online.de

Roland Pfeifer | Budget
T +49 7171 1006-106 | pfeifer@fem-online.de

M.A. Patrick Wais | Communication
T +49 7171 1006-114 | wais@fem-online.de
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Dr. Ulrich Klotz | Head of Department
T +49 7171 1006-700 | klotz@fem-online.de

Dr. Miriam Eisenbart | Deputy Head of Department
T +49 7171 1006-704 | eisenbart@fem-online.de

Physical Metallurgy · Material Testing · Precious Metals Research
We examine and characterize metallic
materials and develop new alloys, functional
materials and processes for the industry.

Physical Metallurgy belongs to the founding departments of
the fem. Central tasks of the department are the production,
processing and metallurgical testing and characterization of
metallic materials for the jewelry, dental or electrical industry.
This includes alloys and composite materials whose structures
and microstructures are examined in terms of mechanical, thermal and functional properties. Particular attention is paid to the
relationship between production, processing and loading of
materials and alloys in practical use.

Research and Development
> Precoius metals and their alloys
> Contact and functional materials
>	Materials and surfaces for
biomedical applications
> Process technology and simulation
(Additive manufacturing, casting, thermodynamics

Equipment and Procedures
> Electric arc and induction furnace
> Vacuum hot press
> Vacuum investment casting
>	Selective laser melting
> Focused Ion Beam (FIB)
>	High resolution Field Emission Scanning
Electron Microscopy (FE-SEM)
> Thermal analysis
> Universal testing machine

Services
> Damage analysis, consultation and expert reports
> Optical and scanning electron microscopy
> Metallographical examinations
> Testing of mechanical properties
> Examination of layers and coatings
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Dr. Renate Freudenberger | Head of Dep.
T +49 7171 1006-300
r.freudenberger@fem-online.de

Dipl.-Ing. Heidi Willing | Head of Dep.
T +49 7171 1006-313
willing@fem-online.de

Dr. Manfred Baumgärtner | Deputy Head
T +49 7171 1006-301
baumgaertner@fem-online.de

Electrochemistry · Electroplating · Corrosion
We characterize electrodeposited coatings,
develop new electroplating procedures and
conduct research in the field of corrosion
protection.

For more than 90 years, research and development in the field
of electrochemistry and coating technology represent a major
part of the institute’s activities. The department of Electrochemistry is engaged in the electrochemical and electroless deposition of metals and alloys, the determination of coating properties, corrosion tests and the development of testing methods.
Besides basic and applied research, advisory service and
consultancies represent an important part of our activities.

Research and Development
Development and characterization of
electrolyte and layer systems:
> Functionalized layer systems
> Contact surfaces
> Corrosion and corrosion protection
> Pretreatment and cleansing
New systems for energy technology:
> Fuel cell technology
> New electrolysis procedures
> Battery technology
> Electrokatalysis
> Development of measurement and test methods
> New electrolyte solutions
> Process optimization
> Simulation of deposition processes

Services
> 3D X-Ray Computed Tomography
> Corrosion protection
> Damage analysis
> Layer characterization
> Testing technology
> Quality management
Equipment and Procedures
> X-ray Fluorescence Analysis for Layer Thickness
Measurement
> MSM 200: In-situ Measurement of Macro Stress
> Pulse Plating and High Speed Plating
> Aprotic Deposition in the Glovebox
> Simulation of Current Density Distribution
> Electrochemical Corrosion Test
> 3D X-Ray Computed Tomography
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M. Eng. Christof Langer | Head of Department
T +49 7171 1006-500 | langer@fem-online.de

Dipl.-Ing. (FH) Stefan Funk | Deputy Head of Department
T +49 7171 1006-503 | s.funk@fem-online.de

Light Metals Surface Technology
We explore, examine and develop decorative
and functional surface treatment procedures
for light metals, especially for aluminium.

Tasks of the Light Metals Surface Technology department are
research, development, characterization and testing of different
surface finishing technologies (decorative or functional) in the
field of aluminium, magnesium and other light metals. The improvement of the surface protection by anodizing or high quality powder and liquid lacquers is a main aspect of our activities.
The growing demand for the quality of the products and their
surfaces and for ecologically friendly and economical processes
and products always requires new approaches to various problems. These can be solved at the fem in cooperation with experts from industry.

Research and Development
> Light metal materials (Al, Mg, Ti)
> Anodic oxidation
> Cleansing and pre-treatment
> Coatings
> Corrosion protection
> Process optimization

Equipment and Procedures
> Application laboratory for pre-treatment and coating
> Application laboratory for anodizing
> Coating examination
> Weathering and corrosion testing
> Surface characterization
> Characterization of coating materials

Services
> Examination of coating systems
> Damage analysis
> Contract research
> Quality assurance, expert reports, consultation
> Process-accompanying support
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Dr. Martin Fenker | Head of Department
T +49 7171 1006-400 | fenker@fem-online.de

Dipl.-Ing. (FH) Herbert Kappl | Deputy Head of Department
T +49 7171 1006-403 | kappl@fem-online.de

Plasma Surface Technology · Materials Physics
We develop new layer systems for decorative
and functional applications and examine physical and
chemical material properties.

The Plasma Surface Technology and Materials Physics department is engaged in vacuum-based depositions, in surface modifications and the characterization of materials with respect to
the physical and chemical properties. The thin film deposition
and surface modification is carried out using PVD (Physical
Vapor Deposition) and PACVD (Plasma-Assisted Chemical Vapor
Deposition) processes. These processes offer a wide range of
possibilities for modifying the deposition parameters and for coating a wide variety of materials (steels, hard metals, metals,
plastics, ceramics, glass, textiles). Substrates and components
can be coated stationary, with single or double rotation as well
as roll-to-roll (R2R). Applications range from wear and corrosion
protection to decorative applications, biocompatible coatings
and energy technology (fuel cells).

Research and Development
> PVD and PACVD layer development
> Plasma nitriding
> Wear and corrosion protection coatings
> Decorative hard coatings
> Biomedical/biocompatible coatings
> Energy technology (fuel cell)

Geräte und Methoden
> X-ray diffraction (XRD, XRR)
> Confocal microscopy
> Scratch test, Rockwell adhesion
> Colorimetry
> Corrosion tests
> Electrical and magnetical measurements

Services
> Roughness and topography measurements
> Coating thickness measurements
> Tribological examinations
> Microhardness tests
> Microstructure analysis
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Dr. Martin Völker | Head of Department
T +49 7171 1006-200 | voelker@fem-online.de

Dipl.-Ing. (FH) Harald Merz | Deputy Head of Department
T +49 7171 1006-205 | merz@fem-online.de

Analytics
We examine metals, precious metals and
coating systems, conduct damage analysis
and analyze water and waste water.

One of the traditional tasks of the fem is the analysis of metals,
especially precious metals and their alloys. Beginning with decorative materials, technical applications became more and
more important. Since more than 40 years the fem is also engaged in the field of environmental techniques and analyses. Facilities and equipment of the laboratory are state of the art. The
fem is a successful participant of several round-robin tests in
the field of materials and water analysis (AQS Baden-Württemberg). In 1999 the laboratory got the authorization to act as a
testing laboratory for microbiological, physical, physical chemical and chemical tests of drinking water. In 2002 the fem achieved also the authorization to act as an expert laboratory in water management.

Research and Development
> Antimicrobial surfaces
> Precious metals colloids
> Materials recycling
> Control of residual soilings

Equipment and Procedures
> Metal determination (ICP-OES)
> Optical glow discharge spectroscopy (GDOS)
> X-ray fluorescence analysis (RFA)
> Chromatography (HPLC, GC, GCMS)
> Gas analysis (melt extraction)
> IR-Spectroscopy
> Particle Measurement (DLS)

Services
> Material testing and analysis
> Precious and special metals analysis
> Fineness tests
> Examination of process solutions and electrolytes
> Water and waste water analysis
>	Investigation of contamination on metal surfaces
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COMPETENCIES
Besides great minds cutting-edge research requires stateof-the-art equipment. The scope and diversity of methods
and devices at the fem not only enables the independent
and interdisciplinary work on research projects, but also
supplies a wide range of services.

About 200 procedures and test methods are accredited
according to DIN EN ISO / IEC 17025. The accreditation was
carried out by the „Deutsche Akkreditierungsstelle GmbH“
(DAkkS D-PL-14368-01-00) and has existed since 1996.

RESEARCH PROJECTS

COMPLETED RESEARCH PROJECTS 2018
WM BaWü | Alloy development and characterization of
substitution materials for Cu-Be alloys

IGF 19134 N | Development of a Li/S cell with 3D cell components for increased energy efficiency, cycle stability and safety
IGF 17 EWBG | Reliability and safety of equipment in low-voltage
distribution stations for use in wind power and photovoltaic plants

IGF 18597 N | Standardization of the mechanical characterization and quantification of material properties for modeling the
time-dependent deformation behavior of semi-finished products
made of highly conductive Cu alloys

IGF 18 EWN | Long-term stable phosphorus-doped alloy catalysts
and phosphorus-doped carbon substrates for high-performance
PEM fuel cells by pulse-plating deposition

IGF 161 EN | Surface functionalized powders for
3D manufacturing

IGF 19483 N | Influence of ageing, manufacturing and post-treatment processes on the galvanic coatability of zinc die-cast

IGF 18375 N | Function-integrated multi-component components on the example of a volume-minimized housing solution
for micro fuel cell systems

BMBF 13XP501 | Hydrogen-free deposition of precious metals
and precious metal alloy layers from ionic liquids

ZIM ZF4215101AG6 | Development of highly insulating and
adhesion-promoting anodizing layers on a laboratory scale

CURRENT RESEARCH PROJECTS 2018
WM BaWü | MaterialDigital

BMWi 03ET608 | Rechargeable lithium battery with a sulfur
FLOW cathode; alloy deposits for the sulfur FLOW cathode
EU Cost Action MP1407 | Electrochemical processing methodologies and corrosion protection for device and systems
miniaturization
ZIM ZF4318201ZK6 | Energetic use of waste hydrogen in
anodising plants

WM BaWü | Substitution of Beryllium in Cu alloys
IGF 19979 N | Development, manufacture and thermoplastic
moulding of nickel-free, platinum-based, biocompatible metallic
solid glasses
IGF 18293 BG | Hybrid technologies and materials for the
manufacture of investment moulds and crucibles for the
investment casting of refractory and highly reactive alloys
ZIM | Investigation of the influencing variables in pulse-modulated copper and silver dissolution to determine optimum
electrolysis parameters in connection with novel electrode
materials that can be regenerated if necessary
IGF 19905 N | Scalable low-cost pressure sensor with galvanically
manufactured sensor membrane and high pressure-resistant
joining technology
IGF 19492 N | Flexible lithium ion cells with microstructured
current collectors to increase flexibility, adhesion and volumetric
energy density		

ZIM ZF4586301 | Investigation of the influencing variables in
pulse-modulated copper and silver dissolution to determine
optimum electrolysis parameters in connection with novel
electrode materials that can be regenerated if necessary
DFG FE 613/9-1 | Deposition of the Mo-N-(Ag) system by
highly ionized PVD processes and its investigation with regard
to high-performance wear protection and electrical sliding
contact
IGF 19555 N | Tool-free production of functionalized 3D plastic
parts by combining generative processes and laser-based
selective metallization
ZIM | Development of an inkjet printing process for the first
digital 3D printing of printed circuit boards; development of a
treatment process for solderability and development of the ink
system, including analyses of the structure of the conductors
and the printing process		
WM BaWü | Isothermal digital single cell amplification for the
detection of antibiotic-resistant pathogens in hospitals

IGF 19350 N | Development of a novel catalytically active heat
exchanger for the total oxidation of hydrocarbons and carbon
monoxide in exhaust air streams, especially in foundries
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EQUIPMENT AND PROCEDURES

DEPOSITION TECHNOLOGIES
Electroplating and electroless plating
Pulse plating, high-speed deposition, tampon plating, rotating
disc electrode, electroforming, electrodeposition from ionic
liquids, modelling and simulation of electrochemical cells and
processes
Anodisation
pretreatment procedures, anodising, tampon anodisation, dip
coloring, electrolytic coloring
PVD
Magnetron sputtering (HIPIMS/HPPMA, MF, DC),
arc deposition
CVD
PACVD: plasma assisted deposition, pulsed CVD
Lacquering
Liquid lacquers, powder lacquers, radiation hardening lacquers
(UV/IR), vortex sintering
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CHARACTERIZATION OF MATERIALS AND COATINGS
Coating thickness
Coulometry, X-ray fluorescence, Ni-STEP-test, magnetic methods,
eddy current, metallographic cross section, calotest, profilometry
Coating composition
GDOS, scanning electron microscopy (SEM) with energy
dispersive X-ray analysis (EDX)
Structure, morphology
High resolution field emission SEM, SEM, FIB, X-ray diffraction
(XRD), X-ray reflectometry (XRR)
X-ray diffraction (XRD)
Phase identification, quantitative phase analysis, determination
of microstructure (crystallite size), investigation of thin films with
grazing incidence, measurement of residual stresses, determination of textures
X-ray reflectometry (XRR)
layer thickness (5–200 nm), density determination
Roughness
Diamond stylus and laser stylus profilometry
Hardness
Microhardness, ultra-low load hardness, Buchholz
hardness, instrumented indentation test (indentation
and Martens hardness)
Internal Stress
X-ray diffraction, MSM 200
Ductility
Cupping test, bend test, tensile test
Adhesion
Cross cut, ball impact test, cupping test, bend test,
thermal cycle test, soldering test, adhesive bonding
test, Rockwell indentation test
Friction, wear
Pin-on-Disk, taber abraser
Color, gloss
Goniospectrometry, glossimetry
Light and weather proof
Artificial weathering, natural weathering
Corrosion
Artificial perspiration, nickel test, ammonia test,
electrochemical tests, salt spray tests (NSS, AASS, CASS),
humidity tests, climate tests,alternating tests, cyclic corrosion
tests, filiform corrosion, complex corrosion-climate change test

MATERIAL TESTING
Electron microscopy
FE-SEM with EDX, FIB, EBSD and STEM-detector, preparation of
TEM-samples, ion polishing
Metallography
Optical microscopy with image analysis, coating thickness (cross
section)
Technological methods
Friction, wear, cupping tests
Mechanical methods
Hardness (Vickers, Rockwell, Brinell), tensile test,
compression test
Physical methods
3d x-ray computed tomography (CT), x-ray diffractometry,
measuring of magnetic and electrical properties, contact angle,
differential thermal analysis (DTA), calorimetry (DSC), thermal
gravimetry (TG), dilatometry
Melting and heat treatment
Arc furnace, induction furnace, rapid quenching, annealing
furnace (vacuum and protective gas), investment casting (lost
wax technique), centrifugal casting, vacuum hot press

ANALYTICS
Materials analysis, Failure analysis, Recycling
Emission and absorption spectroscopy (ICPOES, GDOS, AAS),
Hydrogen analysis, photometry (UV-VIS, IR), chromatography
(GC, GC-MS, HPLC, IC), C- and S-determination, standard
analyses, fineness of precious metals (fire assay)
Characterization of electrolytes
Cyclovoltammetrie (CV), Cyclic Voltammetric Stripping (CVS)
Computed Tomography
Damage and failure analysis, dimensional measurement
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PUBLICATIONS

ARTICLES 2018
K. Pfeffer, M. Eisenbart, U.E. Klotz: Heat treatment and
microstructural contrasting on low-alloy copper-based
alloys | Prakt. Metallographie 55 (2018) (3) 124–133
K. Ratschbacher, U.E. Klotz, M. Eisenbart: Diffusion samples as
a high-throughput screening method for alloy development
Materials Science and Technology (2018) DOI:10.1080/026708
36.2018.1491932
O. Gross, M. Eisenbart, L.-Y. Schmitt, N. Neuber, L. Ciftci, U.E.
Klotz, R. Busch, I. Gallino: Development of novel 18-karat,
premium-white gold bulk metallic glasses with improved
tarnishing resistance | Materials and Design 140 (2018)
495–504
P. Li, Ch. Schille, E. Schweizer, F. Rupp, A. Heiss, C. Legner, U.E.
Klotz, J. Geis-Gerstorfer, L. Scheideler: Mechanical characteristics, in vitro degradation, cytotoxicity, and antibacterial
evaluation of Zn-4.0Ag alloy as a biodegradable material
Int. J. Molecular Sci. 19 (2018) 755
L. Freitag, St. Schafföner, N. Lippert, Ch. Faßauer, C. Legner, U.E.
Klotz, Ch. G. Aneziris: Novel zirconate based moulds for the
investment casting of titanium alloy melts | Refractories
Worldforum 10 (2018) 74–79
A. Heiss, D. Park, A.-Ch. Joel: The calamistrum of the
feather-legged spider uloborus plumipes investigated by
focused ion beam and scanning electron microscopy
(FIB-SEM) tomography | Microscopy and Microanalysis 24
(2018) (2) 139–146
U.E. Klotz, M. Eisenbart, K. Ratschbacher: Neuartige
Screeningmethode zur Legierungsentwicklung auf Basis
von Diffusionspaaren | Metall 72 (2018) (11) 430–433
H. Willing, St. Pfeifer, M. Oberst, R. Freudenberger,
S. Schlegel, St. Großmann: Einfluss von Oxiden innerhalb
galvanischer Beschichtungen auf elektrische Verbindungen
Galvanotechnik 109 (2018) (7) 1339–1350
M. Ante: S-Flow: Wiederaufladbare Lithium-SchwefelBatterie mit einer Schwefel-Dispersions-Elektrode
Energiewirtschaftliche Tagesfragen 68 (2018) (3) 42–43
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S. Sörgel: Electrodeposited Dendrite-Free, Nano-Columnar
3D Lithium Anodes and Their Application in Lithium Sulfur
Batteries with 3D Sulfur Cathodes | J. Electrochem. Plating
Technol. (JEPT) (2018) DOI: 10.12850/ISSN2196-0267.
JEPT6275
R. Böck: Färben von Edelstahl in chrom(VI)-freier Lösung
mittels Spannungspulsen | Jahrbuch Oberflächentechnik 74
(2018) 66–74
C. Schöberl, J. Näther, R. Freudenberger, F. Köster:
Nasschemische Iridium-Elektrolytentwicklung
Galvanotechnik 109 (2018) (3) 468–471
C. Langer, W. Wendland, K. Honold, L. Schmidt, J.S. Gutmann,
M. Dornbusch: Corrosion analysis of decorative microporous
chromium plating systems in concentrated aqueous
electrolytes | Eng. Failure Anal. 91 (2018) 255–274
C. Langer, W. Wendland, K. Honold, L. Schmidt, J.S. Gutmann,
M. Dornbusch: Klärung des spezifischen Korrosionsverhaltens von mikroporigen Chromüberzugssystemen in
CaCl2-Elektrolyten | BHM Berg- und Hüttenmänn. Monatshefte 163 (2018) (7) 275–280
A. Heyn, T. Mueller, M. Balzer, H. Kappl, M. Fenker: Corrosion
protection mechanisms of TiMgN hard coatings on steel
Tagungsband 20. Werkstofftechn. Kolloquium 2018
K. Datta, R.B. Neder, A. Richter, M. Göbbels, J.C. Neuefeind,
B. Mihailova: Adaptive strain prompting a pseudo-morphotropic phase boundary in ferroelectric (1-x)Na0,5Bi0,5
TiO3-xBaTiO3 | Physical Review B 97 (2018) 184101
M. Balzer, M. Fenker, H. Kappl, Th. Müller, A. Heyn, A. Heiss,
A. Richter: Corrosion protection of steel substrates by
magnetron sputtered TiMgN hard coatings: Structure,
mechanical properties and growth defect related salt spray
test results | Surf. Coat. Technol. 349 (2018) 82–92
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