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MatCHMaker

Objectives
• Accelerate advanced materials development

Including design, validation, characterisation and modelling

• Reinforce traceability, integrity and interoperability

Integration of characterisation and modelling data and workflows

• Develop an open data repository

Based on semantics to connect design and manufacturing processes

Use cases
• Cement: Faster development of novel recycled low-carbon cement pastes

• Solid Oxide Fuel Cells

• Proton-Exchange Membrane Fuel Cells
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Documenting a characterisation workflow for cement
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Sample extraction & 

preparation

Sample C O Na Mg Al Si S Cl K Ca Ti Fe CaSiAl Ca/CaSiAl Si/CaSiAl Al/CaSiAl

600 27.31 46.59 0.98 0.84 2.65 4.33 0.58 0.15 0.71 15.33 0.05 0.48 22.31 69 19 12

601 23.16 50.69 2.52 0.75 2.05 4.06 0.51 0.09 1.80 13.90 0.05 0.42 20.01 69 20 10

602 29.22 47.00 0.14 0.56 5.14 6.66 0.71 0.15 0.21 9.45 0.08 0.67 21.25 44 31 24

603 32.29 45.42 0.15 0.48 4.35 7.64 0.64 0.15 0.24 7.98 0.08 0.60 19.97 40 38 22

604 41.23 41.62 0.24 0.54 0.50 2.09 0.50 0.22 0.50 12.34 0.03 0.20 14.93 83 14 3

605 37.15 44.34 0.13 0.66 0.64 2.04 0.61 0.22 0.24 13.73 0.02 0.23 16.41 84 12 4

606 25.41 47.71 0.19 0.57 1.37 5.03 0.74 0.16 0.39 17.60 0.05 0.76 24.00 73 21 6

607 18.66 53.33 0.15 0.57 1.27 5.30 0.66 0.09 0.86 18.34 0.05 0.71 24.91 74 21 5

608 36.13 43.26 0.05 0.29 3.46 6.19 0.66 0.18 0.12 8.96 0.08 0.65 18.61 48 33 19

609 31.84 47.03 0.00 0.32 2.88 6.61 0.72 0.16 0.16 9.42 0.08 0.78 18.91 50 35 15

610 13.75 56.25 0.00 0.69 1.49 6.06 0.56 0.05 0.53 19.70 0.06 0.84 27.25 72 22 5

611 19.29 52.13 0.63 1.07 1.41 5.12 0.71 0.07 1.16 17.79 0.06 0.55 24.32 73 21 6

AVG 24.18 49.95 0.17 0.59 1.98 5.72 0.68 0.12 0.54 15.30 0.06 0.72 23.00 65.06 25.62 9.32

Data processing

EDS elemental mapBack-scattered 

electron (BSE) image 

SEM measurement Result analysis

Quantified elemental map Cement paste 

phase fractions

SEM characterisation of cement

Phases Phase

fraction

Phase 1 0.21

Phase 2 0.32



Common standard for documenting 
characterisation workflows (CHADA)
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CEN Workshop Agreement (CWA 17815)

Definition of terms



Documenting SEM characterisation of cement
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BPMN diagram of the workflow



CHADA

User story

Name SEM Characterisation of cement samples

Description Determination of the amount of the

different phases in the cement.

This is needed as input to models to create

an optimised concrete that is as strong as

the cement but more environment

friendly.

Client/requester Concrete producer.

April 7, 2025 MatCHMaker workshop at EMMC 2025 6

Material/materials system

Name Cement

Description The starting point is Portland cement with

additions of calcined clay, limestone,

water and gypsum. After mixing and

casting is the paste cured for some days.

SEM samples are then prepared from the

cured cement as described below.

Reference to standard BS EN 197-1 Standards for cement,

aggregates, admixtures

Further documentation https://www.concretecentre.com/Structu

ral-design/Standards/Standards-for-

cement,-aggregates,-admixtures.asp

Environment and operating conditions

Description Standard SEM operation conditions

studying concrete using a Hitachi

S3400N SEM.

Further documentation

Rationale

Description SEM gives an appropriate

magnification for imaging phases in

cement and yields a good contrast

between phases of different

composition.

Further documentation

1. User story

2. Rationale

A structured way to document a characterisation workflows

Characterisation workflow metadata 

Name SEM characterisation workflow for cement samples

Description The standard workflow for determining phase fractions in

cement.

Sample(s) to be tested 12 samples from cured cement castings with different

composition were characterised.

Test method(s) and environment(s) All samples were characterised according to the workflow

described below.

Reference to standard

Laboratory EM-lab, Department of Materials Science and Engineering,

NTNU

Operator Sigurd Wenner

Further documentation

3. Characterisation 

workflow overview

Material/materials system

Name Cured cement

Description 12 cement mixtures with different composition were casted and

cured.

Identifier(s) Local identifiers used

Process history Mixing, casting, curing

Physical structure A porous granular structure that contains grains, air voids,

capillary pores, and gel pores. The grains and pores are randomly

sized, arranged, and connected.

Composition / Chemical structure Portland cement, calcined clay, limestone, water, gypsum

Properties known prior to the

Sample 

Name Cement samples

Identifier Local identifiers used (77600 –
77611)

Description The samples extracted from the

cured cement by sawing.

Reference to standard 

Further documentation

Dimensions 25 x 10 mm cylinder

4. Characterisation 

case 
Sample extraction

Name (unique) Sawing and embedding

Description A piece of cement is cut from the larger sample

and embedded in epoxy for easy mounting and

polishing.

Input:

materials

data

Material Cured cement paste

sample

Provider HM

Identifier https://he-

matchmaker.eu/SEM_ba

tch2/77600-23-

001/material

Sample preparation

Name (unique) Polishing

Description Polishing to very fine surface roughness, while

retaining epoxy inside the pores.

Input: sample 

data

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

23-001/unpolished_sample

Input Sawing and embedding

Sample inspection

Name (unique) Optical microscopy

Description A light microscope is used to quick check if the

sample looks ok.

Input: Sample 

Data

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

23-001/uncoated_sample

Sample preparation

Name (unique) Coating

Description Coating with 10 nm metal (Au or Pt+Pd) for electrical
Calibration

Results analysis

Input which is the output of the above 

documented experiments or tests

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

001/clustered_image

Method: description including method by 

which results were obtained across several 

characterisation procedures or test series

Analysis of the combined clustered image and performed

by CEA.

Output: interpretation and explanation of 

final results, called outcome

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

001/phase_fractions

5. Result analysis

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


…very nice, but not machine readable
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Top and  middle level ontology

Domain ontologies

Application ontologies

Standard vocabularies

(no materials)



Representing the workflow semantically
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CHADA

tables
(not machine 

readable)

methodology & tools

Knowledge base representation

Developed in MatCHMaker, +++

BPMN diagram

EMMOntoPy



Representing the workflow
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Processes

Materials

Datasets

Demo at:

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

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


Representation in the knowledge base
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Further work: simplifying the
documentation process even more

• Repeating these tables for each characterisation session is tedious

• Repetition can be reduced/eliminated by generalisation
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See also the poster by 

Francesca L. Bleken

Document procedures once in the application ontology (fully annotated)

Workflow from BPMN diagram (xml)

When executed, automatically populate the KB with individuals

execution

KB: automatically populated with individuals 

tooling

Application ontology

(semantically annotated)

BPMN diagram (xml)
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Ongoing work: further simplifying the 
documentation process

• Repeating these tables for each characterisation session is tedious

• Repetition can be reduced/eliminated by generalisation
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See also the poster by 

Francesca L. Bleken

Document procedures once in the application ontology (fully annotated)

Workflow from BPMN diagram (xml)

When executed, automatically populate the KB with individuals

CoatedSample BSEImage

SEMImaging

hasInput some hasOutput some

Application ontology

(semantically annotated)

execution

hasInput hasOutput

dcat:distribution

Annotated individuals 

and relations between them

dcat:distribution
tooling

Application ontology

(semantically annotated)
BPMN diagram


