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Eight Grand Challenges

Workshop on Emerging Research Areas In Ceramic Science

1. Understanding rare events in ceramic microstructures

2. Understanding the phase-like behavior of interfaces

L

Predicting and controlling heterogeneous microstructures with
unprecedented functionalities

. Controlling the properties of oxide electronics

. Understanding defects in the vicinity of interfaces

4
5

6. Controlling ceramics far from equilibrium

/. 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)



Background research

Example

Kvashnin A. et al.
New Tungsten Borides, Their Stability and

Outstanding Mechanical Properties WB5Z
J. Phys. Chem. Lett., 2018, 9, 3470-347/7. — 1l A1 /D
Article submitted 20 April 2018
\/ No reference

Ma L. et al.
Preparation and sintering of ultrafine TiB, powders. Ti BZ + 5 wi% YAG:
C . Int. 2018, 44 (4), 4491-4495.

2y “ H, = 49.3 GPa, K, = 12.68 MPa-m'”2

Article available online 5 December 2017
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Search by material properties
IS very hard

A lot of handbooks ~I i 2
should be scrutinized m 1INy

to find the required "J_ﬂ MU Ul ,
. |

materials 'J W =
l =
But we will anyway ] l bl J

MISS the newly § . o | ROLE ||
synthesized materials
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Search Is even harder because
of plots 0
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Graphical information Is
beyond the power of g 40
search engines 3
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New hope

Specialized databases

XIX century

Nowadays

WREAXYS

@ Springer Materials

<= SCIFINDER
v A CAS SOLUTION

Beilstein (1838-1906)
Handbook of organic
compounds

and more ...




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 17




BIG DATA
What IS 1t?

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.

glacer



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 areally
nuge supermarket

But the items are highly disordered:

In this case we will miss excellent mangoes. That
IS a keyword search used by all of us.



How could we
overcome keyword
search approach?

Data Analysis

Data Analytics

Using modern data
processing approaches. Data Mining

The core of all data
techniques and tools Is data

mining

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

We had mined the experimental data on

chemistry, nanotechnology, biotechnology, ...

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.
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Flash Spark Plasma Sintering (FSPS) of o and [ SiC

Salvatore Grasso,”*' Theo Saunders.** Harshit Porwal.** Ben Milsom,** Adam Tudball.’
Mike Reec

School of Engineering and Material Science, Queen Mary University of London, Londor

Nanoforce Technology Limited, London E1 4NS, UK

*Kennametal Manu 2 (UK) Lid., Lake Road Leeway Industrial Estate, Newport, South Wales NP9 4SR, UK

A novel processing methodology that allows combined preheat-
ing and Flash-SPS (FSPS) of silicon carbide-based materisks
Bas been developed. BetaSiC (+10 wi% B,C) powders were

cnsified (0 20 tm) up to %% of their theoretical deasity in
17 s under an applicd pressurc of 16 MPa (5 kN). The fash
event was attributed 1o the sharp positive temperature depen-
dence of the clectrical conductivity (thermal runaway) of S
and a sudden i i

s far by FS ar
which maximizes the

(>600PC) was reached. The microstructural evolution was ana-
Iysed by examining materials densitied by FSPS in the range
of 82%-96% theoretical demsitics. FEM  modeling results

heating rate was of the order of
analysis was done between FSPS

a0d reference samples (sintered using conventional SPS in the
temperature ¢ 300°C). This allowed for 2 bet- v
ter unde ) the rapid
aod in b y. electrodes and

the scalabi F .
SiC disk (@ 60 mm) in about 60 « inside 2 hybrid
cquipped with an induction heater, which allowed us picve
sufficient preheating (1600°C) of the material to achieve FSPS

I Introduction
F LAsH sintering (FS)' provides & new proces

consolidate material. While in  traditional
ttively slow rate

»n of SiC with boron an

other matenials such a:
Oy0, ALOS% ZnO", and SiC
er clectrical con

Sin

ZrB. o been exa
andexper confirmed'* 2
localized ples due 1o the Joulke effect. It

ha ke temperature might ¢
the nominal M rature by more than 1000°C and
as 4 thermal runaway induced

by the Joule heating,

Articles and

patents |
Numerical data -
Plots -

GlaCer database

o
WTRBIT E4ARNTES

ANALYSH

y rH

rﬁ . .Q.
BN camiyr FIARRT

=

-

= o
g «1
I~
-

=

N —

v
| —
CO /™
<—
o=
— =X
—_—
oD =
| —
|
—

¥E e

DATA

"

gt St

RN

v PTABYES s

N

ml“

J—
T
c o
—

VOLUN
= S(CIAL

Experimental data
preparation links

U
o
WIS

=
-
Z

e

1Ly 8

I==

.
=

ERR

lcNI[RNH"E..%“i Synthesis

TEMOLOGES = ke ™
RWS@:R[:H?; 'f’ o >

= GOVERNMIENT

T PRICESS
—
5

—)
[ s |
S e

1 2 RS

Ly

s

-y O

Substance

Other data -




Easy search for materials

Search b elements

Search by properties - Search by formula , Search by elements Results Data Analytics

Group| 12| [3|4/5/6|7 8 9[10/11[12[13/14]15]16|17]18| Searchbyselected elements (1504)
Period Search by element system

1 B eosmntrsmoanrnaze Search by formula

He Ba-La-Ce-Pb (1)
56| 7|89 |10 Li-B-O-Na-Mg-Al-Si-P-S-Ca-Cr-Mn-Fe-Ni-Zn-Sr-Zr-Sn-

BICINI[OI|F |[Ne|l BaLa-Ce-Pb-Bi(1) Sic
al1al98 1 16 117 18| Li-B-O-Na-Mg-ALSi-S-K-Ca-Sc-Ti-Fe-Y-Zr-La-Nd (1) & @ Search by formula . Search by elements Results
atlsilp sl ar| Li-B-O-Na-Mg-Al-Si-K-Ti-Zn-Zr-Nb-Sn-Sb-La (1)

Li-B-O-Na-Mg-Al-Si-K-Ti-Zn-Zr-Nb-Sn-La (8)
2U) 22| 29 241 29| 0| 20} 26128 50 51| 92 93 | 94| 951 30| | B O Na-Mg-Al-Si-K-Ti-Zn-Zr-Nb-Sn-La-Ce (384)
Sc| Ti | V |Cr|Mn|Fe|Co| Ni |Cu|Zn|Ga|Ge|As | Se | Br | Kr Li-B-O-Na-Mg-Al-Si-K-Ti-Zn-Zr-Nb-Sb-La (1) -
39| 1141|4243 |44 (45|46 |47 (48|49 | 50 [ 51 | 52 [ 53 | 54 | Li-B-O-Na-Mg-Al-Si-K-Ti-Zn-Zr-Nb-La-Ce (1) ‘ Si ‘
Y Nb|Mo| Tc |Ru|Rh|Pd|Ag|Cd| In [Sn|Sb|Te| | | Xe| Li-B-O-Na-Al-Si-P-Ca-Cr-Fe-Ni-Zn-Sr-Y-Zr-Mo-Ag-Cd-Sn Ny
71|72 (73|74 |75 |76 | 77|78 |79|80|81 | 82|83 | 84| 85|86 | Te-Cs-Ba-La-Pr-Nd (1) Si0.0277(AICrMoTaTi)0.9723N
Lu|Hf| Ta| W |Re|Os| Ir [Pt [Au{Hg| T! [Pb| Bi | Po| At |[Rn| Li-B-O-Na-Al-Si-K-Ca-Mn-Fe-Co-Ni-Zn-Zr-Mo-Ag-Te-Cs- _
103[104]105/106|107|108]109[ 110[111]112[ 113 114[ 115 | 116 | 117 [ 11| Ba-ta-Ce-Pr-Nd-Sm-Gd (1) _ S10.042Y3AI4.958012
Li-B-O-Na-Al-Si-K-Ti-Zr-Sn-La-Ce (338) Si0.19P0.1200.69
Li-B-O-Na-Si-K-Ca-Ti-Zn-Zr-Nb-Ba-La (2)
*Lanthanoids Li-B-O-Na-Si-K-Ti-Zn-Zr-Nb-Ba-La (1) Si0.26P0.06300.67
Li-B-O-Na-Si-K-Ti-Y-Zr-Nb-Sb-La (1) _
**Actinoids Li-B-O-Mg-Al-Si-Ca-Zr-La (1) Si0.29P0.03600.67
Li-B-O-Al-Si-Ca-Zr-Nb-Ba-La (3) :
Li-B-O-A-Si-Ca.Zr-Nb-La (3) Si0.29P0.03900.67 s
Li-B-O-Al-Si-Ca-Zr-La (7) Min AAMN NONAN e

1iD A CiMT e Tre Ok | ™A 4N




Search for required materials

Search by any combination of desired properties

‘Q:' Search by properties - Search by formula . Search by elements Results Data Analytics

+ | Add property

Young's modulus, E -+ 120 — (240 GPa v ',;H )

Near hundred types
———— _ of numerical data

annealing point

Berkovich hardness, Hgy

Brinell hardness, Hg

carrier concentration, n, v Den_SIty v Loss tangent
compressive strength, o v Curie temperature v Thermal CondUCtiVity
Curie-Weiss temperature, Teyy v Transmittance v Dielectric Strength
i bt A v v Conductivity v Fracture toughness
v Piezo coefficients v Compressive strength
v Permittivity v Wear coefficient
v Young's modulus v Coercivity
v Vickers hardness v Remanence

v Flexural strength v Poisson's ratio




Graphical data plots

Original plot

Values are searchable In
database!

1E-4

A
1E-§ . ':?

E '
E§1Eﬁ- '.p:;:ii ::r n n n n n
£ g digitized interactive plot
= 1E-7
S P e 0.0001
E8 o ° . * 1
,f £ 69600 Hz: 1,57 1078 5fm
1E-9 b L1, -
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1E+2 1E+3 1E+4 1E+5 1E+6 1E+T =
Frequency (Hz) =
Fig. 5 Conductivity vanation with frequency for E
samples G, (4).G2 (@), G: (A) and G (). - R
i : B
Taken from *;:_.:
Iborahim, S., Gomaa, M.M. & Darwish, H. T
J Adv Ceram (2014) 3: 155
1-10-14

1aoan 1000000
frequency (Hz)
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Even derived data
are accessible by search

Example of derived data

Abstracted: Converted to:
* Permittivity € Auto Loss factor €"
* Loss tangent tan 0 (" = €' * tan 0)

DDDDDD

DDDDD

DDDDDDDDDDDD

10° 10° 10° 10 10° 10 10° 1 1 frequen
Frequency (Hz) Frequency (Hz) quency

glacer




Derived numerical data

Definitions and laws of physics

TABLE 1

Exemplary Clad Glass Compositions

s E=2-G-(1+v)

Si0, 30 25 8.3 8 7.72 7.46
AlL,0, 15 15 34.6 33 31,79 30.67  29.62
EEDJ

MeO 5 5 3.8 3.66 3.53 3.41 Poisson‘s

CaO 61.6 58.7 56.55 54.55 52.69 Ratl 0

o, 1w ' 0,32
> 0,32
Li;0
0,28
0,28
0,28
0,28
0,28

Ti0,
Shear 53.77 53.88 42.93 41.32 41.9 41.91 42.16
Maodulus
(GPa)

Young's 141.62 142.42 109.7 10568 107.39 107.06 108.07
Modulus

((7Pa)

Annealing 8l4.5 sy F83.5
Poant (C.)

Strain TRO.T7 T72.1 T47.9
Point (C.)

Softening Y3K.5 947.5 V42.6 924.2
Point (C.)

glacer
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Data analytics

Useful correlations and statistics for search results

Search by properties

Boxplot
Correlation

Temperature distribution

Parameter vs atom content

Wordcloud

Search by formula

Young's modulus, E (Pa)
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Search by elements Results

Young's modulus vs temperature

Source: glacer.online

218 300 000 000 at 1073 K
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remnant polarization, P, (C/cm?)

remnant polarization vs longitudinal piezoelectric charge
coefficient

Source: glacer.online
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longitudinal piezoelectric charge coefficient, d33- 362.5 pC/N
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Search example

Transparent conductive fiims

* High transmittance (>80%)

» High electrical conductivity (>1000 S/cm)

» Solar panels
 Touch screens

e 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

e Combustion chambers



Extreme properties

3

Wonderful materials
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* Fe:BN core-shell metamaterial: €', = =100 000 at 23 M
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 Nanofibrous YSZ: E = 0.016 GPa |
* TIB, + 2.5 wt% EuB,: E = 659 GPa

« Foam-like hexagonal boron nitride: p = 0.0017 g/cm3 =

* Mn;Cu, Si, ;N: CTE == 6.3-10° °C-!






THANK YOU!

Navigate to

to discover:

es glacer.online

d33 versus weight percent of specific atoms

Source: glaceronline
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Property Value Parametors Proparation reference Citation
Qotomo, M. et al,
dieloctric strength, E, 14 KVimm
dislectric strength, €, 359 KVimm | thikkness tmm | reclified AC prepacation 4 of al 5
4 ‘1 —— |
dielectric strength, E, 832 KVmm | m“d"'”’ ' preparanon 4 Neusel, C. et al, (2015)
; |
dielectric strength, E. 55.6 KVimm }m“""'”“‘ preparaton 4 C. et al, (201
T
electrical reststity, p R Su, G. 4
| Bexwral strength, o 325 MPa | preparanon L1, D, of &l {2016)
Schneider, J. e 8/,
Bexural strength, o 350 MPa 6
| texural syength, o |sr7wpa | preparason 4 | Neusel, C. et al, (2015)
fracture toughness, K. 3.7 MPa:m*? J. et al.
Fres ! !
fracture foughness, K. 2.7 MPam™* J‘mozou preparation 7 Fedosova, NA. of 8.




