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Eight Grand Challenges 

1. Understanding rare events in ceramic microstructures 

2. Understanding the phase-like behavior of interfaces 

3. Predicting and controlling heterogeneous microstructures with 

unprecedented functionalities 

4. Controlling the properties of oxide electronics 

5. Understanding defects in the vicinity of interfaces 

6. Controlling ceramics far from equilibrium 

7. Accelerating the development of new ceramic materials 

8. Harnessing order within disorder in glasses 

Challenges in Ceramic Science: A Report from the Workshop on Emerging Research Areas in Ceramic Science / 

J. Am. Ceram. Soc., 95 [12] 3699-3712 (2012) 
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WB5:  

HV = 45 GPa, KIc = 4 MPa·m1/2 

TiB2 + 5 wt% YAG: 

 HV = 49.3 GPa, KIc = 12.68 MPa·m1/2 

Example 

No reference 



A lot of handbooks 

should be scrutinized 

to find the required 

materials 

But we will anyway 

miss the newly 

synthesized materials  



Search is even harder because 
of plots 

Graphical information is 

beyond the power of 

search engines  



New hope 

Beilstein (1838-1906) 
Handbook of organic 

compounds 

XIX century 

Specialized databases 

Nowadays 

and more ... 



What is 
DATA?  

Data is a set of values of qualitative 

or quantitative variables.  

Data is measured, collected and 

reported, and analyzed, whereupon it 

can be visualized. Experimental data is 

data that is generated within the 

context of a scientific investigation by 

observation and recording. 



Why do we need 
THE DATA?  
THEY ARE USED BOTH IN SCIENTIFIC 

RESEARCH AND BUSINESS. 

• to make decisions 

• create something new 

• re-develop existing products 

• understand the current state of the art 

• offer enterprise-wide insights 

• perform risk analysis 



BIG DATA  
What is it?  
Big data is data sets that are so voluminous 

and complex that traditional approaches are 

inadequate to deal with them.  

Big data challenges include data mining, data 

storage, data analysis, search, sharing, transfer, 

visualization, querying, and updating. There are 

three dimensions to big data (three “V”) known 

as Volume, Variety and Velocity. 



RAW DATA  
Raw data are the source for data 

mining.  

Data mining is a process of cleaning and 

capturing the data. Problems of raw data: 

they are unstructured, disordered and 

complicated. They have a lot of noise 

(useless data). The bigger the volume of 

raw data, the harder they are cleaned and 

mined.  



Imagine a really 
huge supermarket  

In this case we will miss excellent mangoes. That 

is a keyword search used by all of us. 

But the items are highly disordered:  



How could we 
overcome keyword 
search approach?  

Using modern data 

processing approaches.  

The core of all data 

techniques and tools is data 

mining  

Data Science 

Data Analysis 

Data Mining 

Data Analytics 



2 million 

data 

points! 

Near 100 

types of 

numerical 

data 



The team of Natural Sciences 
Information Centre has key 
competence in data mining.  

These branches of science now enjoy the 

structured data ready for analytics.  

What about material science?  

For many areas of material science the keyword 

search works not that bad. But not for graphical data 

in plots. 

We had mined the experimental data on 

chemistry, nanotechnology, biotechnology, …  



Articles and 

patents 

Experimental data 

with  

preparation links 

Substance 

Numerical data 

Plots 

Other data 

Synthesis 



Easy search for materials 

Search by elements 

Search by formula 



Search by any combination of desired properties 

Near hundred types 

of numerical data 

Search for required materials 



Graphical data plots 
Original plot 

digitized interactive plot 

Taken from 

Ibrahim, S., Gomaa, M.M. & Darwish, H. 

J Adv Ceram (2014) 3: 155 

Values are searchable in 

database! 



Even derived data  
are accessible by search 
Example of derived data 

Abstracted: 

• Permittivity ε‘ 

• Loss tangent tan δ 

Converted to: 

Loss factor ε'' 

(ε'' = ε' * tan δ) 

Auto 



Derived numerical data  
Definitions and laws of physics 

⋅ ⋅

 Glass  Poisson‘s 

Ratio 

1 0,32 

2 0,32 

3 0,28 

4 0,28 

5 0,28 

6 0,28 

7 0,28 



Data analytics 
Useful correlations and statistics for search results  



Search example 

Transparent conductive films 

• High transmittance (>80%) 

 

• High electrical conductivity (>1000 S/cm) 

• Solar panels 

 

• Touch screens 

 

• Smart windows 



Search example 

Telecommunication materials 

• High relative permittivity (> 10 000) 

 

• At t = 80-100 °C 

 

• In narrow frequency region (4.8-4.9 MHz) 



Search example 

Thermal barrier coatings 

• Low thermal conductivity (< 2 W/m*K) 

 

• Linear expansion coefficient (1-10 ppm/K) 

 

• No rare earth elements 

• Turbine blades 

 

• Combustion chambers 

 



Extreme properties 

Wonderful materials 

• Fe:BN core-shell metamaterial: ε'r = − 100 000 at 23 MHz 

 

• Nanofibrous YSZ: E = 0.016 GPa    

 

• TiB2 + 2.5 wt% EuB6: E = 659 GPa 

 

• Foam-like hexagonal boron nitride: ρ = 0.0017 g/cm3 

 

• Mn3Cu0.9Si0.1N: CTE = − 6.3·10-6 °C-1 



DATA  Information  Knowledge Wisdom 



THANK YOU! 

Navigate to          glacer.online  

to discover: 


