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Preface 

Chemical and physical basics paired with engineering "black box" concepts as well as 
practical and theoretical experience in conventional and advanced ceramics paired with 
unorthodox ideas for future materials are the humus of the book in hand. On the one 
hand, it is a guideline for students, scientists, and engineers , and on the other hand, it 
presents ideas for visionaries. It is the alliance of a view into the past, the present , and 
the future. Not more, not less. May the readers have exactly the same pleasure with 
the book in hand as we have had with its creation. 

The book is based upon lectures/papers/posters that are held/published/presented 
at/from the Department Aldinger of the Max-Planck-Institut fiir Metallforschung 
(Germany) and the Chair Aldinger on Nichtmetallische-Anorganische Materialien of 
the Universitiit Stuttgart (Germany) during the past decades - joint institutions which 
became also known as "Pulvermetallurgisches Laboratorium (PML)". A selection of 
these works is accumulated in [76]- [189]. Some of the knowledge of [76]- [189] is used as 
"case studies" in the book. We truly regret that it was not possible to include all works 
that were done at the "Pulvermetallurgisches Laboratorium (PML)" during that time. 
Nevertheless, we hope that most of the readers consider the selection of works presented 
in this book satisfactory. Furthermore, we hope that most of the readers consider our 
decision to discuss ceramic materials within an extended frame of reference, which also 
incorporates metallic materials and organic materials, satisfactory. Moreover, we hope 
that at least some of our readers agree with us that it is a good time to carry out 
first steps towards future materials paving the way to artifical gravitation technologies 
and energy production technologies that go beyond chemical and nuclear reactions -
exactly this is what we want to do in the final chapter of the book. 

We wish to thank Dorothee Klink for the proofreading, Bernd Heinze for supplying 
us with nice photographs, CeramTec [71] for the abandonment of product images, 
microitructure images, and pictures of technical facilities, and SGL Brakes GmbH [72] 
for the release of images of ceramic (carbon) brake discs. Furthermore, we would like 
to thank Joachim Bill and Jerzy Golczewski for their valuable help. Moreover, the 
coauthor would like to thank Arndt Simon and Jurgen Kohler for the stimulating time 
at the Department Simon of the Max-Planck-Institut fiir Festkorperforschung. 

Fritz Aldinger und Volker A. Weberrufl, 
Stuttgart, January 2010. 

~D~ ll&U &.IIUD 
KANSAS mt. MISSOURI 
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Preface IX 

Synthese metallorganischer Polymere als molekulare 
Vorstufen fiir hochtemperaturstabile Keramiken 
Markus Weinmann , AnHa !\ hiller, Peter Gerstel, Thomas W. Kamphowe. 

Sabine Na l, Joachim Bill und Fritz Aldinger 

Max-Pla11ck-/11srir11r fiir Mewllfnrsch1111g 1111d 
/11s1;,,,, fiir Niclwnewllische Anorgtmische Materialien , U11frersitiit Swtrgart, 

P11ll'erme1t1ll11rgisches L(lborarori11m, Heisenberg.,·tr. 5. D-70569 StullRart (Germany) PML 
Hinter grund : Keramiken au~ molek.ularen Vorstufcn im System Si-8-C-N kOnnen auBergewOhnliche Hochtemperatur­
stabilitaten bis uber 2000°C aufweisen. Die Synthese der Polymere sowie der EinnuB der polymeren Strukturen auf die 
thermische Stabilitat der Kcramiken wurde bisher nur wenig untersucht. In dicsem Zusammenhang hat sich die 
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X Preface 

"' Max-Planck-lnstitut fur Metallforschung ~ 
~ Material Synthesis and Microstructure Design 

S. Department Ald inger 
I \ \ ~ t, <I I 

Bio-inspired Materials Synthesis 
R.C. Hoffmann and J . Bill 

Template-induced oxide deposition 

1 Organ,c Modification of Substrate 

Research Objectives 

The ob}eclive or these studies Is to develop strategies for materials 
synthesis by employing the organrze110nal and functional 
characteristics of blological processes aiming to depoSll ceramic-type 
materials from aqueous solutlons at ambient conditions with respect to 
temperature and atmosphere. Organic templates at the surface of a 
substrate can induce the build up of thin films o f O)(ides which deposit 
typlcally in nano-crystalline form. like Zr02• Tl02, SnO2, V1O5• sim1larty 
to biomineratisallon processes 

2 Build-up of Thin Film 
3 Formaoon of lnorganlc/Orgarnc-Hybrid Matenal 

i111tt\ 

Deposit ion of TitaniaNanadia 
Nanocompos ltes 

- Uniform end adherent films were obtarned 
from solullons containing Ti and V species 

- XPS Indicates. that only Tl02 and V20 5 are 
present in the film 

- Auger depth profile reveals , that composite 
films of uniformly distributed Ti02 and V 20 s 
nanoparticles were prepared 

- No concentration gradient of titanium and 
vanadium was observed within these films 

• Zeta-potential measurements suggest, that 
the assembly is driven by van der Waals 
forces 

Deposition of Titania and Zincite on 
Polyethy lene Terephlhalate 

The main advantage for applications. 
however, is the ability to coal complex shapes 
and the coaling of 1emperature sensitive 
materials. This enables the deposition of 
ceramic thin films on polymers 

Titania thin films were prepared on 
polyethyfene terephthalate substrates by 
hydrolysis of a peroxo complex in aqueous 
solubons at 333 K_ Dynamic light scattering 
was used to monitor the particle growth in Iha 
reaction solution at various pH values. These 
findings were used to optimize the 
m,crostructure or the lllania films by avo1ding 
sedimentation of agglomerates and rapid 
depletion of the reactk>n soiution. Films 
deposited on pristine PET. surface 
hydrolyzed PET and sutface oxidized silicon 
were lnvesttgated by atomic force microscopy 
and show no stgmficanl difference in 
mo,phology 

• • ... 
.....J. 

The aim is to understand the template process aiming 10 exceed lhe 
mere imitation of biological mlnerallzaUon and to steer the design of 
new materials with tailored interfaces and nano-sized mlcrostructures 
in the future. 

llll . . .. 

< ' 

. .. 

m . 
~ . . 
. -

. . 
. --m ~ ' 
SEM M1croqraph5: 

As-deposited films on SO3H-funct!onalized 
silicon wafers in 2x3 hours @ 353K from 

{a) 10 mM [Ti].10 mM Mand 140 mM HCI, 
(b) 7 5 mM £111,2.5 mM Mand 140 mM HCI 

,400 (b) 

! ":I . !~~"·" .· .:.•·. 
1 SOmM 

0 - ---0 25 50 75 100 125 150 
Rucuonr-,m11 

Dynamic Light Scattering 
Time dependance of particle size solubOns 

containing 10 mM TI and various 
concentraoons of HCI at 333 K 

{a} 25 and 40 mM HCI, (b) 35 and 40 mM HCI 

Bio-in pired materials. 

Auger Depth Profiles 
Profiles correspond to SEM Images. 

RD . . . . . 

. . 
. . 
m .. 

SEM Micrographs 
Morphology of films grown with various 

concentrations of HCI at 333K: 
(a)10 mM ffij and 35 mM HCI: 
(b) 10 mM ffij and 45 mM HCI. 
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Defining Ceramics 

1. Advanced Ceramics 

What would the ancient China have been without china? Imperfect! What would be 
the life of today without dental prostheses? Painfull What would be the space shuttle 
without thermal tiles? Disastrous! What would be the dally communication without 
mobile phones? Unimaginable! ls it thus carrying things too far that ceramic materials 
are objects of technologies of the past, the present, and the future? No way! But what 
are ceramic materials actually? Which structure do they have? How are their properties 
related to their structure? Row are these manufactured? How are these modeled? Going 
somewhat beyond the conventional textbooks and the conventional monographs on 
modern ceramics, in the chapters that follow, an elaborate picture of modem ceramics 
is developed. 

Going beyond the hellenic word keramos ("fired soil"), on the one hand, ceramics 
is defined as a name for products ms.de out of non-metallic inorganic substances, and 
on the other hand, cemmics is defined as the a.rt and science of making materials and 
products of non-metallic inorganic substances [28). Naturally, following the standards 
of modern physics and modern chemistry, we want to associate the notion non-meta/lit 
with non-metallic energy band structures and their dependence on further constraints 
such as temperature and pressure, and we want to associate the notion inoryanic with 
substance., not showing the chemical structures of hydrocarbons. Certainly, we want 
to appreciate conventional ceramics, but we want to focus on advanced ceramics. We 
here compare with Figure 1.1, which shows the classifications, the definition.s, arui the 
terminology used in this book, and we here compare with Figures 1.2-1.13, which show 
some selected starting materials as well as some selected products of various branches 
or the ceramic industry. 

We should already here appreciate that advanced ceramics moots the highest 
demands of pre.sent technologies. For instance, many ceramic materials are extremly 
resistant against abrasion! For instance1 many ceramic materials are extremly resistant 
a.gainst heat! For instance, depending on further constraints such as temperature and 
pressure, ceramic materials can be insulators, ceramic materials can be conductors, 
and ceramic materials can be semi-conductors. Dear reader, ceramic materials even can 
be fenoelectrics without which the performance of present communication technology 
would be more than poor. Dear reader, the hip joint endoprostheses that are shown in 
Figure 1.10 are implants meanwhile doing their job in hundreds of millions of human 
bodies worldwide! Isn't this a feat? 

•• 
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12 1. Advanced Ceramics 

Going beyond advanced ceramics, in the final Chapter 5, first steps towards new 
fields of materials research are carried out. The following first introductory remarks 
already here should be useful. On the one hand, a branch of research is started up 
dealing with the question "How must materials be structured and how must their 
technical environment be structured that these can be used as the material basis for an 
oscillatory system generating a measurable oscillatory gravitational field, so to speak, as 
the material basis for a gravitational laser?" On the other hand, a branch of research is 
Btarted up dealing with the question "How mUBt materials be structured and how must 
their technical environment be structured that these - fundamentally going beyond 
nuclear techniques and matter-antimatter destruction - can be disaggregated into 
radiation, which in turn can be used as starting point for new types of energy plants, 
new types of spacecraft propulsions, and new types of matter conversion techniques?" 
For this purpose, a self-consistent network of model conceptions is launched, which 
some colleagues may consider as a direct extension of the Ginzburg-Landau theory of 
superconductivity (20] or as a semi-classical approach to quantum systems comparable 
to the Wunner-Main approach to quantum systems (34, 35, 64], however, which could 
turn out to be the true nonlinear extension of conventional quantum mechanics [63), on 
all accounts1 which works ?{ithout any known restrictions, and which firstly can supply 
us with much more information about the principles that govern the constitution, the 
stabilities, and the instabilities of materials than the methods of thermodynamics and 
the methods of quantum mechanics can do, and which secondly can supply us with 
paths to these new fields of materials research. Certainly, it goes far beyond the scope of 
this book to develop these new fields ofresearch in great detail already here. However, 
the first steps towards this goal indeed are taken here. 

Why do we think that a book about advanced ceramics is the adequate place for 
such first steps? Well, on the one hand, in the framework of advanced fuels such as 
nuclear .. fuel rods, ceramic materials play an important role so that we expect that 
ceramic materials will also play an important role in our more advanced context. Well, 
on the other hand, wanting to gain an access t.o artifical gravitation, it should not be 
the worst choice to depart from materials with a relatively high mass density and a 
relatively low free charge carrier density, promising us high gravitational radiation and 
low electromagnetic radiation, as it is the case for a lot of ceramic materials. Anyway, 
departing from advanced ceramics of the past and the present1 let us also point into 
the future of materials. 
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