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MSIAEUREKA An information system for inorganic materials

covers Materials’ Constitution, completely

monitors all publications and evaluates published data.
integrates data: reducing data-flood and confusion.

KEY subjects: phase diagrams, crystal structure, morphology,
thermodynamics, properties

¢ Is designed to understand materials.

The global team, MSIT
MSIT &

yF\/ Materials Science International Team is the wolrd-wide
group of scientists behind MSI Eureka. MSIT compiles and
evaluates data, generates missing data, creates new
knowledge, for over 34 years

ll [R T IL TEAU

MS| .'e. The company, MSI

roe Materials Science International Services, GmbH hosts the
global team, markets MSI Eureka
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The publisher: MSI &

1984: a global scientific team, MSIT,
started from the Stuttgart Max-Planck-
Institute for Metals Research,

by Dr. Gunter Effenberg

Since 1989 MSI, GmbH gives office and MAX-PLANCK-GESELLSCHAFT
guidance to MSIT,

Today MSI & MSIT form the largest
network in materials constitution.

CIE
INTERNATION/\L
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Our Mission

To make the world’s collective knowledge
v' Transparent and validated
v useful and usable

v’ accessible

— in an area that applies to all inorganic materials.

Mission achieved - and ongoing,
in MSI Eureka !

© 2019 Materials Science International Services, GmbH

MSI &

Science Simplified

The MSI founder-
Glnter Effenberg
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The team: MSIT | &,

MATERIALS SCIE
INTERNATIONAL T

Member Affiliations

MSIT “3‘. makes MSI@GEUREKA GB Leeds; Sheffield; Manchester; Birmingham; Surrey

7 o DE Stuttgart; Clausthal; Aachen; Jiilich; Freiberg, Karlsruhe
NL Eindhoven
FR Lille; Montpellier; Rennes; Paris; Grenoble; Lyon

~280 materials scientists BE Leuven

collaborating remotely for

AT Vienna
over 34 years T Genovd
GR Volos
» monitor all relevant publications UA Kiev (Acad. Sci.); L'viv (Univ.); Chernivtsi; Kramatorsk

RU Moscow (Acad. Sci.); State Univ.; MISIS

CN Changsha / Hunan; Central South Univ.; Bejing STU
JP Tokyo (IT); Kyoto, Sendai

Malaysia Sains Univ. Tronoh

» evaluate materials systems

» create reliable knowledge

» execute joint research USA Cincinnati; Raleigh; Gainsville; Evanston; Gaithersburg
BR Campinas; Lorena; Sao Paulo, IPT; PUC Rio
» provide first-class tuition in South Africa  Witwatersrand
Materials Chemistry — MSIT Winter India Chennai, Bhabha Atom. Center (Mumbai)
School series. TR Istanbul
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You know MSI & MSIT already

® "Ternary Alloys” book series of 18 volumes

Authored by Eritli\%al evc‘gluatior_l pftr\at_etrri‘a\l/\sl_lsyst\c;?ﬁ; Iplgas% diﬁ%rlams of ternary Al, Ag, As,
MSI & MSIT I, Mg systems; jointly wi iley , later by

® Landolt-Bornstein 17 volumes sub-series “Ternary Alloys
Phase Diagrams”

critical evaluation of selected materials systems; by MSI & MSIT, jointly
published with Springer Verlag

® “"Red Book” book series of 18 volumes

extracts of constitutional data from the world publications, (now electronic
only); jointly with VINITI, Russia

® "“Metal-Boron-Carbide”
author Peter Rogl, edited by MSI; jointly with ASM

® "Pressure Dependent Binary Phase Diagrams”
author Yuri Lewinski, edited by MSI; jointly with ASM

With the coming of the digital information age,

None of them is updated

© 2019 Materials Science International Services, GmbH
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Science Simplified

MSI Eureka: engineering materials

» Alloys (steels, bronzes, magnets, electronic materials,... and more)
» Non-metals (ceramics, sensors, semiconductors,... and more)
» Composites (cermets, ... and more)

Phase changes affect properties of engineering materials

microscope

MSI@EUREKA
gives the road maps for
changes in materials!

»o A

multiphase, A;Cu-S solder ahlloy

road maps for materials R&D

© 2019 Materials Science International Services, GmbH
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el \ [
MSI@EUREKA

An information platform for Materials Constitution

e covers materials’ constitution of all inorganic materials, over 72000 systems.

e critically evaluates published data, provides Evaluation Reports for ca. 4500 systems
e integrates scattered data.

e explains by text, phase diagrams and tables

e provides information on structures, properties, thermodynamics & more.

e helps to understand the material.

MSI&EUREKA
by Scientists for Scientists!

© 2019 Materials Science International Services, GmbH



Materials Constitution: the Need for Critical Evaluation of Data MSI “3‘.

MSI&EUREKA adding value

Inorganic materials systems Materials systems
evaluated by MSIT

)
» monitoring all literature E e
(MSD :
Literature abstracts
» evaluating many literature !»mgg'xféed&
(MSIT) @l

Proceeding: g teams / reviewers / staff

Key categories (next slides)

© 2019 Materials Science International Services, GmbH
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Key Category - Links to Literature

Bibliographic database & keywords, indexed by MSIT,
Correlating materials with relevant publications

Features

» simple search by periodic table of elements
» delivers relevant results only

» complete overview:
« from the year 1830 to present

« ~250 journals+books+grey literature monitored continuously
» 468,900 citations on /3,816 systems (as of June 2019)

» coverage of relevant literature better than anywhere else

(e.qg. Inspec, Web of Knowledge, etc.)

MSI &

Science Simplified

| MSI Eureka World Library Contents

Temary Evaluations [ 4053 View|
Research Results 4295 View|
Links to Literature (466303 View|
Binary Evaluations | 267 View|
Diagrams as published [ 1659 View|
p-T-% Diagrams [ 188 View|
Property Links
Total...cooooven

The present MSI| Eureka World
Library was updated on 28.12.2018
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Critical Evaluation: Why to Evaluate? ]

® Published data are often conflicting
» between different publications

» within one publication ? AN \

® Published data are often incomplete

» describing points or ranges of the entire 3D diagram Data & conclusions
are to be evaluated

7

B \,

to describe the entire
system, consistently

» Phase diagrams are not measured but concluded

» from experimental data - to be evaluated

© 2019 Materials Science International Services, GmbH 13



Materials Constitution: the Need for Critical Evaluation of Data MSI “'3“

So, why aren't all phase diagrams
for a particular system the same?

Different types of measurement

.;ig Different accuracy and precision
Vs (S o Static measurements

X-ray analysis, microscopy/SEM
Dynamic measurement
DTA/DSC
Different quality of starting materials
Data missing

Poor experimental practice

: } TR Incorrect analysis of data

So which is the correct diagram???

© 2019 Materials Science International Services, GmbH
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Science Simplified

... the solution...

« Users need a single diagram (or set of complementary diagrams)
that they can trust

« These diagrams should come from a trustworthy source

CRITICAL EVALUATION

© 2019 Materials Science International Services, GmbH
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Reliability of Data

purity of initial materials
sample preparation (suitability for particular material)
conditions of heat treatment (suitability for particular material)

experimental methods (suitability for particular material)

v ¥V ¥ V¥V W

compatibility with results/estimates from thermodynamics

All articles are peer reviewed

© 2019 Materials Science International Services, GmbH
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Correctness, coherence and interpretation of data

« correctness with respect to the rules of heterogeneous equilibria
- compatibility of binary and ternary data

- compatibility of intersecting e.g. isothermal vs vertical sections

- compatibility of consecutive sections/surfaces, e.g. isothermal cuts at
different temperatures

* interpretation of measured experimental values vs the author’s
conclusions

- depth of experimental details in the publication

» All articles are peer reviewed

© 2019 Materials Science International Services, GmbH



28 Authors Gautam Gosh
Tite Al-Fe-51 Ternary Phase Diagram Evaluation
Source short MSI Eureka
Source full M5! Eureka, Effenberp. G. (Ed) by MSI, Materials Science international Services GmbH, Stutigan
Volume Ternary Evaluations
Pages
Publication year 1932
Commant Version 1
Document 1D 10,145%6.1.7

Cited references 138

MSIT keywords Amorphous, Assessment, Crystal Structure, Electrical Properties, Elearochemistry, Electranic Structies,
Kinesics, Magneti Properties, Mechanical Properties, Morphology, Phase Diagram, Phase Relations,
Review, Thermadynamics, Transpart Phenomena

Language Engluh

Si Scale: at.%

Ts [74Mur, 81Zar]
Ts [74Mur, 81Zar] —»

/140Tak4
T [40TEK] - [0TaKIR
[74Mur, 81Zar] \E

Fe 10 20 30 40 50 80 70 80 90

MSSI & Fig. 1: Distribution of the equilibrium ternary phases in the AHFe-Si

system, as reported by different authors as reported by different Autors.
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MSSI

Science Simplified
Authors Gautam Ghosh
Title AlFe-Si Ternary Phass Dragram Evsluation
Source short MS! Eureka
Source full MSi Eureka, Effenberg, G. (Ed.} by MSL Materials Science Intermational Services GinbH, Stutigart
Volume Ternary Evaluations
Pages
Publication year 2013
Comment Version 4
Deocument ID 10.14556.4.9

Cited references 255

MSIT keywords Amorphous, Assessment, Crystal Structure, Electrical Properties, Sectrochemestry, Blectranic Structure,
Interface Phenomena, Kinetics, Magnetic Properties, Mechanical Properties, Morphology, Nanomaterials
Optical Properties, Phase Diagram, Phase Relations, Physcal Properties, Revew, Semiconductivity,
Thermadynamics, Transport Phenomena

Language Englsh

Dyrull e & Expor RIS ar

Si Scale: at.%
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975B3z%2002Mal]
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1Kre 15’88231(]
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0Q Kra] 1977 Cor] N974Mur, 19§1Zar]
Fig. 1: Distribution of the equilibrium ternary phases, as reported by

N 996Mu| 2002Gup,
0 0 [197&Ba
X [2011Ma] t{ 985(3&2] bo | r Al
different authors as reported by different Autors.

© 2019 Materials Science International Services, GmbH



Materials Constitution: the Need for Critical Evaluation of Data M Sl ‘.'s“
Science Simplified

S i Scale: at.%

Blue lines - evaluation report 1993Gho WS
Red lines - 2013Gho

p1164°C, e»1

“Figure 10 shows the calculated liquidus surface of the whole Al-Fe-Si system as reported by Du et al
[2008Du] with small correction according to accepted type of invariant reactions (see Invariant Equilibria
section). It depicts at least 25 melting grooves separating different areas of primary crystallization. Overall,
the calculated liquidus surface shows a good agreement with experimental results, and previous
assessments [2005Gho, 2007Kre]. Experimental investigations [1933Nis, 1936J]ae, 1937Ura, 1951Now,
1967Mun, 1987Gril, 1988Zak, 2003Kha, 2004Pon1] have confirmed the topology of the liquidus surface.”

© 2019 Materials Science International Services, GmbH
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2 Scale. al %
(Sh) S.'«' ;

Black lines - 1981Zar -
(Zarechnyuk, O.S.; German, N.V.; et al, o
Phase Equilibria in Metallic Alloys, <S'>*FGS'2 20 /
Publ. Nauka, Moscow, 69-73 (1981)) X

F@ 10 20 30 40 50

(adFe)+aa FeAl+az ;

" JF\ CHJFe.}Uu (AI)*rs*Fe‘Alu
MSI & Fig.OO 19:0 Isothermal section at 600°C
“Figure 19 shows the assessed isothermal section at 600°C. The Fe corner involving the ordered phases is taken
from [1982Miy, 1986Miy], but in certain composition ranges the ordered phase regions are still doubtful, and they
are shown as dashed. The observation of three-phase fields T2+T14+76 and 12+T75+T6 are consistent with the
reaction scheme shown in Fig. 8. However, the isothermal section at 600°C reported by [1981Zar] has undergone
several amendments. Previously reported 11 and 19 phases [1992Gho] are treated as one phase [2001Kre]. The
composition of T8 is accepted from [1996Yan]. Also, according to reaction scheme, three-phase fields L+(Si)+714,
L+T14+716, and L+(Al)+T16 were added.”

© 2019 Materials Science International Services, GmbH
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,

Black lines — 1000°C 1990Kuz

Red lines - evaluation report 2018Kor 10
a0
HfPd;
N | -
7 \ 80 2300 °C
HPd: _ .. N A . PR 7250575
s N 22001 2160155100215 "\ 2100215
Hf:Pd; O L -
S A\ 200 ' . | N
o) - Ol | " HiRt () L HPts, 1910275
' 4 Hf) i+
HfPd (h) A (B i e
(h) % 18004 \ 1743°C )| HEPL (s N ]
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r
1660+ 10
] i
\o . B e ]
™ 5 160 | I
- g o e
- - ) r 4450810 | HiPt (M)
\ e 1400 | 1380£15 | | | |
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- X oo 4 | (@Hn
S 1200
b\ | 30
\ R
' . P 1
\ o \‘, . ;.‘
. \ % 20
\ 800°C . ! ; . . . . . !
2 : HF 100.00 10 20 30 40 50 60 70 80 90 HF  0.00
\ f N 10 Pt 0.00 Pt at% Pt 100.00
\ { . MSI & Fig. 2: The Hf-Pt phase diagram
U - -

HEPt__N\Hf:PL (h e —— et

> Y > y Yy > - y > - v.-
Hf 10 0c> 30 _Shafl SUR BT 70 TR SS9y, Pt

) . > - e IR
4 el

3 < ~ \ Con S

A continuous series of solid solutions between the HfPd and HfPt compounds reported by [1990Kuz, 1990Sok] for 1000°C was not
accepted in the present critical evaluation. According to the binary Hf-Pt system accepted in the present work, the low-temperature
modification of HfPt(h) with orthorhombic CrB-type is stable at 1000°C. Therefore, this modification cannot form continuous solid
solution with the HfPd compound (cubic CsCl-type) at this temperature. Moreover, authors of [1990Kuz, 1990Sok] did not present
primary experimental data to support their conclusions. In Fig. 3 comparing to the original figure three-phase fields Hf2Pt+HfPd(h)+HfPt
(r) and HfPd (h)+HfPt (r)+HfPd2 are added and shown with dashed lines. Extent of the Hf2Pd and Hf2Pt phases homogeneity ranges in
depth of the ternary system is shown according to the data about solubility of third component which are represented in the texts of
[1990Kuz, 1990Sok] articles. In Fig. 3 also the homogeneity ranges of the phases, which were not reported in [1990Kuz, 1990Sok],
namely on the basis of Hf2Pd3, Hf3Pt5 and HfPt4, as well as three-phase fields corresponding to equilibria with participation of these

phases are assigned schematically.
© 2019 Materials Science International Services, GmbH 21



Materials Constitution: the Need for Critical Evaluation of Data MSI “‘“

MSI Eureka,
what does it serve

Planning/ executing Computer aided direct answers to
material science & aoplication
projects & simulations gppheation
problems

experiments

. "MSIEUREKA. '

supports development and application of materlals

P
-
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Science Simplified ‘ "

Benefits for Engineers

Developing / applying nhew
materials & processes

Problem
» fundamental information is missing
» leads to unnecessary experiments

» “mission impossible” may come too late

road maps to solutions

Solution with MSI Eureka
» you get additional expert brains into the company
®» you minimize number of experiments

» you save resources and reach the targets faster

© 2019 Materials Science International Services, GmbH
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Alternative Access Options

MSI&aEUREKA.COM

. No download, direct access
. Licensee: read document online
. Non-licensee: read document preview

Goto: http://www.msi-eureka.com/search

-

(O As selected « any other element
(@) As selected - subsystems
(O As selected

12 %

Mg s P

M AN B AN N s % E 3 ¢ 31

€Ca Sc Ti V Cr Mn Fe Ni Cu lll Ga Ge

3 »w @ 4 @ 4@ a5 =

S Y Zr Nb Mo Ru Rh Sn

% 37 n B WM ”

Ba Lta HF Ta W Ir
3 5 &= & &5 6 & & n
Ce Pr Nd Gd T Dy Ho Er Ly

2 82 3

Th U Np A a8k

“l

P

MSI

Science Simplified

MSI&aEUREKA VIEWER

Instal

Search in text, tables & diagrams

Work with interactive documents
Read & convert concentrations, overlay
diagrams, etc.

Temary Evaluations
Research Results
Links to Literature
Binary Evaluations

p-T-# Diagrams
Property Links

| MSI EurekaWorld Library Contents |

Diagrams as published |~ 1659 View]

The present MS| Eureka World
Library was updated on 28.12.2018

|: MSI Eureka Viewer
search by combination of elements
[T 4053 Viewl (¢ as selected + any other element
[ 4295 Miew| " as selected -
[466303 View | H -
o Vi | 8 5 I D 9 D Y D
[Rofsr | v Jzr ftib§uof e JRulRn f PdfAgfcd] in| e] | Ixef
CsjBa Hf|Ta RejOs] Ir Pt Hg ) | At RN
i e ST WD NDDE R W M E
| View]
(476771 ce| prndPmism)Eulcd ErjTm
1S i 2 N D Y D
Close

In both options - access is through IP authentication
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New Search Functions

select elements
in the
Periodic Table

combined search :
systems+keywords,
e.g. properties

choose
selection mode

MSI&EUREKA

Comprehensive Materials rid Literature Search

Select Material Systems Search Results

Search Query

; ) material gstems ALMQG-Si AND keyworde Crystal Structure
2 (_JAs sziected « any other slemeant AND Mecharcal Properties
$ (O As ssiected « subsystems . R T8
u Be ; —t N UL SR L
@A ctod
B (@) A3 selected 3B Tk 5
Ha s s a
¥ W O [ N I N T W N R 3
K Ca Sc N V C Ma Fe Co M Cu Zn Ca As Total results 179
3 & = a9 “- o - jos 51
S ¥ Zr Mo pd Ag ©d Sn Sb
% B n » BN N »
Ba La WF " A LU i
o L3 e MSIT Evaluations 3
Ce Pr Nd ed
" MSIT Data Compilations o
™ !
Phase Diagrams and Figures a8
Select Keywords Matching Matenal Systems 1
Crystal Structure AND Mechanical Properties x Related Material Systems 200
OR hick 10 selet keywords, Keywords in INg 2 #5 are ORed

add keywords to
your selection

http://www.search.msi-eureka.com/search
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sort results by
- year

- author
- source

MSI&EUREKA

Comprehensive Materials World Literature Search

refine results by
- type of

Refine Results Search results for your query

. . Show only motenal syzterms Al-Mg-Si Al-Mg-Mn-% AND brywords Mechansc ties AND Crystal Structure
publication CMSIT Evalastons " AND Thermodynam
- SYStem [ MSIT Data | ompdations a
- year [kelectad entries ' Total results available: 11 @ Results heensed: 11 @ Resu
Refine publication year Showing resuits from 1 to 10 P Results per page 10+
from 183 s to 2017 $ ;
Selectafl  Ciearall Sort results by vaar vl 13 ExportRis  Printversion

Refine material systems

X s e ) s ”
Meligs —a o m! K.C Han Kumar. N, Chalraborti ML Lukas. O. Bodak L Rokhin
Al-Mg-Si Ternary Phase Dragram Evaluation
M5l Eurela
2004
Select from
@natching material systems Cl Nirupam Chakraborti, Hans L Lukas upd Oksana Sodak and Lazar Rokhin print or export

A)Mg-Si Ternary Phase Ciagram Evalustion

CRelated matenad yystems MS! Eurels

search results

1939
Number of elements v
. ‘ Nrupam Chalraborh and Hans L Lukas Open fU”'teXt
. Al-MQg-5i Ternary Phase Diagram Evaluation MSIT
curéka
1993 documents
get list of 0 e,
similar materials Effects of natural aging on bake hardening behawor of Al-Mg-Si alloys with multi-step agmng process
) Jpi. Inst. Light Met
5015
(% Authors Tokata Ken: Takahashe, Jun: Saga Makoto: Ustwoda, Kohsaku Hibmo, Alora: Ksuchi
S
CRAL Masac
(%)
: > Title Effect of Two-Step Aging on Cluster Formation m Al-Mg-5i Alloys
Source short Mater, Trans, JM
Source full Matenals Transactions M
Volume 55
.‘m ¢

Pages 885-891

Publication year 2014

Cited references 0

DOt natertyans M :

MSlYtqwom Crystal Structure, Expermental Kinetics, Mechamcal Properties. Marphology. Phase
Relatons. Thermodynamics

Language Engish

read full

abstract Abstract The change in the state of 4 Mg-Si clsster with pre-aging at 363 K. followed by aging at
303 or 323 ¥ was studied by means of a tenside test, three ':mrq nuul stom probe
(3DAP), and differential scanning calorimetry (DSC) measurements, Mg-Si chusters

formed during isothermal ag

© 2019 Materials Science International Services, GmbH
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Unique Features of MSI Eureka

» covers virtually all inorganic material systems ever studied- above 73,816 element
combinations (as of June 2019).

» Modern search interface allowing to search for targeted properties and other
keywords

» Largest bibliographic data base on materials constitution, 468,900 entries, (June
2019), continuous updating.

® Unary, binary, ternary and ...more-component material systems.

» MSI Eureka evaluates entire material systems, not only phase diagrams

» Largest number of evaluated material systems, 4520 systems (June 2019).

» Largest phase diagram program ever, ongoing for over 34 years.

MSI Eureka is made by scientists for scientists,
unigue by content, coverage and quality & continuously updated

© 2019 Materials Science International Services, GmbH
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4" MSSIT & Winter School

AN

The aim of the MSIT Winter School series is to provide first-class tuition in
a selection of subjects closely associated with the study of phase equilibria
in Materials Science. The course, which is spread over three full days,
comprises 4-5 'modules' on topics such as Phase Equilibria,
Crystallography and Computational Thermodynamics.

Each module involves lectures, demonstrations and practical exercises,
written and given by members of the MSIT who are world experts in their
respective fields.

REGISTRATION OPENS IN SEPTEMBER

The Programme includes:

Principles of Chemical Thermodynamics

MSI g

Science Simplified

16 - 21 February 2020
Ringberg Castle
Kreuth, Germany

Organised by

Dr. Glunter Effenberg / MSI,
Materials Science
International GmbH,
Germany

Prof. Andrew Watson /
Coventry University,
United Kingdom

Dr. Frank Stein, Dr. Martin
Palm / Max-Planck-Institut
fiir Eisenforschung GmbH,

Phase Diagrams and Phase Equilibria (basic & advanced level) (incl. hands-on) Germany

Experimental Determination of Phase Diagrams (incl. hands-on)
Crystallography (incl. hands-on)

Experimental Methods in Thermodynamics (incl. hands-on)
Ab-initio Techniques

Computational Thermodynamics @
Calphad Method (incl. extended hands-on)

MORE...

In the framework of the
34t MSIT Annual
International Seminar on
Heterogeneous
Multicomponent Equilibria.

© 2019 Materials Science International Services, GmbH
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WWW.Mmsi-eureka.com
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