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MatCHMaker

Obijectives

* Accelerate advanced materials development
Including design, vc Documenting a characterisation workflow for cement

* Reinforce traceabi. - ) ;
& Integration of characterisation and mod/. ing data and workflows
g * Develop an open data repository
= Based on semantics to connect des;

Use cases

[  Cement: Faster development of novel recycled low-carbon cement pastes ]
* Solid Oxide Fuel Cells
* Proton-Exchange Membrane Fuel Cells

and manufacturing processes
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sation of cement
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v so_ensm e um se ss un nn Phase 2 0.32
Back-scattered EDS elemental map Quantified elemental map Cement paste
electron (BSE) image phase fractions
Sample extraction & . .
> SEM measurement Data processing Result analysis

preparation
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Common standard for documenting
characterisation workflows (CHADA)

CEN Workshop Agreement (CWA 17815)

Definition of terms

3.6
characterisation data post-processing

data analysis and transformation that allows to calculate the material property/behaviour from the cali-
brated primary data.

Note 1 to entry Characterisation data post-processing involves the application of a method, based on some theory
or model, to primary data to calculate the secondary data that provide the information about the characterisation
property or behaviour.

Note 2 to entry Characterisation data post-processing includes digital image processing to enhance or extract use-
ful information.

EXAMPLE 1 In nanoindentation testing, the Oliver-Pharr method is used, which allows calculating the elastic
modulus and hardness of the sample by using the load and depth measured signals.

EXAMPLE 2 Analysis of Scanning Electron Microscopy (SEM) (or optical) images to gain additional information,
for example microstructural analysis, grain size evaluation, digital image correlation procedures.
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Documenting SEM characterisation of cément

BPMN diagram of the workflow

Characterisation
results
(phase fractions)

// SEM characterisation workflow for cement samples Tl
Instrument - Ly |Clustered image
- b arameters BSE image ) . =
Measurement parameters adjustment p 5 9 Data processing of back-scattered image
{tiff + txt files)
SEM parameter selection o i 1
(high tension, detectors, Microscope alignment Data pre-processing Data post-processing
(beam alignment, ...) | "N\ /| | [~ | e (contrast adjusrmenrs :
aperfures) \ J (clustering)
\ filtering, ..
. / , 200
e I )
Sar&ﬂ:ﬁﬁzﬂou Sample preparation Sample inspection Sample preparation X
i Bed dmg) (polishing) (optical microscopy) (coating)
J
4 w4 kS = : :
; & / Data processing of EDS map e \  Chemical
3 % S composition
- map
(csv)

Data post-processing
(quantification of chemical

J J J | —_— Data pre-processing
| (pinning) composition)
EDS map
Material Unpolished Uncoated Sample (proprietary format)
sample sample
Legend
1 ) — 3 precedes
Process Expanded sub-
Material Data process hasinput/
S e T hasOutput
Start/end task
5
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Q)

CHADA

A structured way to document a characterisation workflows

1 Use r stor SEM Characterisation of cement samples
) y ._.On DINPMM \Viaterial/materials system

SUll Environment and operating conditions

Standard SEM operation conditions
studying concrete using a Hitachi
S3400N SEM.

] SEM gives an appropriate s'tar' Description
magnification for imaging phases in tion

ar -

[ 2. Rationale

3 Ch terisati SEM characterisation workflow for cement samples
: clielassielile The standard workflow for determining phase fractions in
workflow overview cement.

12 samnles from cured cement castinoes with different

nt,

2 2 Cured t
4. Characterisation — 4
1
case c Cement samples
L L
Results analysis
5. Resu It ana Iysis ich is the output of the above https://he-matchmaker.eu/SEM_batch2/77600-23-
) .ted experiments or tests 001/clustered_image
Method: description including method by Analysis of the combined clustered image and performed Optical microscopy

which results were obtained across several EaA¢iW /

. characterisation procedures or test series ¢
April 7, 2025 d

i Coating

https://he-matchmaker.eu/SEM_batch2/77600-23-

FaYa L B N IR <y T

Output: interpretation and explanation of


https://www.concretecentre.com/Structural-design/Standards/Standards-for-cement,-aggregates,-admixtures.asp

..very nice, but not machine readable

Standard vocabularies EMMO TOp and middle level ontology
(no materials) \

W3v®[ ] [ [();J:rln ] Crystallography
X/ CHAMEO N

Microstructure ) .
[ DCAT ] CHAMEO Domain ontologies

domain ontology

/ / N

SEM characterisation Domain ontology
ontology for concrete

f

MatCHMaker SEM characterisation
application ontology

Application ontologies
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Representing the workflow semantically

BPMN diagram

/ T

CHADA

tables
(not machine
readable)

Knowledge base representation
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Representing the workflow

Demo at:
https://github.com/HEU-MatCHMaker/DataDocumentation/tree/master/examples/CHADA-workflow

Datasets

1 @id @type Etype title description theme publishername contactPointhasMame  distributiondownloadURL  distribution.mediaType

2 ‘hsz image deatDatazet | htwpy/fonto-ns.com/meta/matchmaker/02/5EMIimage  B5E image Back-zcattered SEM image of sament sample SEM MatCHMaker Sigurd Wenner httpsz/fwwiiana org/assignments, /media-types/image/tiff

3 seds_map deatDataset | hitpy//onto-ns.com/meta/matchmaker/02/5EMimage | EDS map EDS miap of sement sample SEM MatCHMaker Sigurd Wenner https:/fwwnw.iana org/assignments /media-types/applicationvnd hitachi

4 «hem_comp_map = dcatDataset | hitpyfonto-ns.com/meta/matchmaker/02/5EMimage | Chemnical compositon map | Chemical composition map extracted from EDS map SEM MatCHMaker Sigurd Wenner httpss/fwwiiana org/assignments /media-types/text/cov

5 -phase_fractions dcarDatasst | httpy/fonto-ns.com/meta/matchmaker/02/SEMimage | Phase fractions Relative amount of the different phases in the sement | SEM MatCHMaker Sigurd Wenner https/fwwnasiana_org/assignments, /media-types/application/vnd.ms-excel

Processes

&id iype title description thems
=am_characterisahon chameaharsctensationPracenurs SFM charactensafion SEM charactencation warkflow of cement samples SEM
sample_ssfraction dhameg:sampleCarachon Sawing Dxtracti SCM sample from the casted sement by sawing St
sample_preparation]  chamen:SamplePraparation Prikshing Briishing the extracted SEM sampe SEM
sample_inspection dhamegsamplelnsgection Qptical microscopy Sample insgechon by cplical micrascopy SEM
sample_preparation  chamen:SamplePraparation Crating Coating the SERM samiple with carban 1o make it electrical condicting | 520
sem_ghignmeant chameghezsuremantSystemadjustrment SEM alignment Measurement parameter achustment SEM M a t e r i a I S
parametar_setup chameakessuremantiystemadjustmant SEM parametar seup Select high tersian, detestars, apartures, ete SEM
beam_sgnrment chameghessuremantSystemadjustment Ceam alignment Align the electron beam. et
1 @id @type title description theme
mMEasLrEmens_process | chameniCharschernsa . SEM it process  Agquire BSE images and EDS maps SEM
bse_processing chameo:DataProcessing Processing of DSE image Processng of back scattered image St 2 :material Eml‘l’lO:MatEria| Cel‘l’ler‘lt Cel‘l’lent CaSting. SEM
bse_prearocessing chameq:DataRreparation re-prOcessing Fifter the BSE imaga ang adjust contrast, SEM
bse postprocessing | chameoDataPestFrocessng lustering Chister the comained DSE mage and [0S map sTM 3 wunpolished_sample | @chameo:Sample | Unpolished sample | Unpolished SEM sample from cured cement paste. = SEM
£ds_processing chamea:DataPracessing Processing of EDS map Processng of £D5 map SEM
eds_preg NG chame:DataPreparation LLS tinning Pre process COS map Ly binring, S 4 :Sample @Chameo:sam ple Sample SEM Sample from cured Cemen‘t paﬂe' SEM
£de q SIFTOCRSSNG ECS quantfication Usa EDS map o quantty chamical compestion, SEM
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https://github.com/HEU-MatCHMaker/DataDocumentation/tree/master/examples/CHADA-workflow

o Materials Characterisation & Madelli

N the knowledge base

Representation
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[

__I]aslnput"" W

Vi
_— — e \\W_i/
( CuredCement | W

4
[
RawSample PreparedSample i
a— RawData PrimaryData SecondaryData Outcome
Sample
v JZ CharacterisationData
: _""'--.\ L - . - A’——‘ L "_ o ~.
Material ) | Object ) | Data ) | MeasurementResult )

April 7, 2025 MatCHMaker workshop at EMMC 2025 10



Further work: simplifying the CQ)cee
See also the poster by

documentation process even more
Francesca L. Bleken

* Repeating these tables for each characterisation session is tedious
* Repetition can be reduced/eliminated by generalisation
Document procedures once in the application ontology (fully annotated)

Workflow from BPMN diagram (xml)
When executed, automatically populate the KB with individuals

KB: automatically populated with individuals

Application ontology
(semantically annotated)

) |-precedes—» —prece es o
utput asinput hasOu tput ha: | p - N
i \
O{F== 0 O A Outp
[ . hasinput™ ’
p=0 tooling
BSEImage

EDSMap ChemicalCo rl

oatedSample

BPMN diagram (xml)
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Ongoing work: further simplifying the ©Q)
dOcumentatlon prOceSS See also the poster by

Francesca L. Bleken

* Repeating these tables for each characterisation session is tedious

* Repetition can be reduced/eliminated by generalisation

Document procedures once in the application ontology (fully annotated)
Workflow from BPMN diagram (xml)
hen executed, automatically populate the KB with individuals

[ ————————

Losinidic e e

SN e G =0
B Lt=RE== on ontology Application ontology Annotated individuals
. semantically annotated semantically annotated and relations between them
BPMN diagram ( Y ) ( y )

SEMImaging hasinput hasOutput
hasinput some hasOutput some > <>
toolin o .\\ *+_ dcat:distribution
CoatedSample BSEImage & R SISIHEN s RPN
(\ :’ (/ :)
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