Development of
an Experimental
Measurements
Database for
granular materials

Host team: Professor Jin Ooi, Dr
John Morrissey; School of
Engineering

DRS team: Vidminas Vizgirda, Dr
André de Araujo Vieira




@ UNIVERSITY
ey OF TWENTE.

$9|5qy Technische
=y F: Braumcheis A
° . . o = —
THE UNIVERSITY UNIVERSITA DEGLI STUDI
[raining In A e o
L] L]
U PSCd lin g parti cle ===
Systems:
v °

EEEEEEEEEEEEEE

] \ ALTAIR %@X
Advancing Industry - @

across Length-
scales | TUSAIL

\ o
- H O R | Z O N 2020 [ Mari.e SkOo‘i’f;wska-Curlie Actions



https://tusail.eu/

Project Descriptions | TUSAIL

DEM-CFD and PBM for
dynamic process
simulation of fluidized
bed agglomeration

Hamburg University of Technology

Process Systems Enterprise

READ MORE
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Multiscale models for
reconstitution of
compacted powders

Hamburg University of Technology

Société des Produits Nestlé S.A.

READ MORE
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CFD-DEM and PBM
simulation of fluidized
bed opposed jet mills for
particle micronization

Technical University of
Braunschweig

DCS Computing

READ MORE

Mechanistic and
predictive population
balance models for
particle comminution
size reduction mill

Technical University of
Braunschweig

Société des Produits Nestlé S.A.

READ MORE
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Experimental Measurements Database vl

Experimental Database | TUSAIL

Name/type of experiment

Material Name Size (any of d50, d32, d90, 10l Shapeld

1 1 Powder topology - Material state Maltodextrin DE 20 (Avebe MD 20 P) d50 ~ 180um Aspherical
2 1 Agglomeration/Fluidization Maltodextrin DE 20 (Avebe MD 20 P) d50 ~ 180um Aspherical
3 1 Glass transition temperature Maltodextrin DE 20 (Avebe MD 20 P) d50 ~ 180um Aspherical
4 1 Liguid penetration kinetics Maltodextrin DE 20 (Avebe MD 20 P) d50 ~ 180um Aspherical
5 2 Tableting Dried glucose syrup DE29 d50= {99um, 254um} Aspherical
6 2 Particle size distribution Dried glucose syrup DE29 d50= {99um, 254um} Aspherical
7 2 Diametral crushing Dried glucose syrup DE29 d50= {99um, 254um} Aspherical
8 2 3 point bending test Dried glucose syrup DE29 d50={99um, 254um} Aspherical
9 2 Tablets surface topology Dried glucose syrup DE29 d50={99um, 254um} Aspherical
10 2 Mercury intrusion Dried glucose syrup DE29 d50={99um, 254um} Aspherical
11 2 Particle surface topology Dried glucose syrup DE29 d50={99um, 254um} Aspherical
12 3 Jet mill (BASF) CaCOo3 d100 ~ 150um Spherical
13 3 Breakage characterization CaC03 d100 ~ 150um Spherical
14 4 Wet Grinding (Stirred Media Mill): material ESKAL 30 (CaC03) d50 = 30um -

15 A Wiat Grindina [SHrrad Madia Milll- Madiim TR o Tl T A AN = 2180m 72N 0im Folo Ao



https://tusail.eu/experimental-database.html

Experimental Measurements Database v2

TUSAIL EM Db (jpmorr.eu.pythonanywhere.com)

Materials Database

The searchable materials database is shown below. New materials can be added to the database.

Submit New Material
Metadata

View

Equipment Metadata

View

Experimental Records

Show ‘ V‘ entries Search:
A Product Shape Size Size Size Size
ID Name Name Classification Nature Description Distribution D50 Dmin Dmax
1 Limestone Eskal-500 Powder Cohesive Spherical Poly-disperse 4.9 1.44 14.1
2 Limestone Eskal-300 Powder Cohesive Spherical Poly-disperse 34 1.0 9.6
3 Limestone Eskal-10 Powder Cohesive Spherical Poly-disperse 11.6 2.64 24.0
4 Limestone Eskal-20 Powder Cohesive Spherical Poly-disperse 22.0 6.89 38.75


https://jpmorr.eu.pythonanywhere.com/

Experimental Measurements Database v3

DRS Ambassadorinternship project — looks identical to v2, but..

Materials Database

The searchable materials database is shown below. New materials can be added to the database.

Submit New Material
Metadata

View

Equipment Metadata

View

Experimental Records

Show ‘ V‘ entries Search:
A Product Shape Size Size Size Size

ID Name Name Classification Nature Description Distribution D50 Dmin Dmax

1 Test Test Ceramic Amorphous  Angular Bi-disperse
Material Product

2 Another Testy thingy Boulder Cohesionless Irregular Mono-disperse 22 1 25
Material

3 Limestone Eskal-500 Powder Cohesive Spherical Poly-disperse 4.9 1.44 14.1

Powder



Changes: backend database

V2: SQlite V3: PostgreSQL

.’SQLE @) + @




Changes: database tables

V2: ~50 tables V3: 8 tables

:::::::::
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Changes: adding new
materials/equipment/experiment types

V2: 1000s lines of duplicated code V3: one JSON file per entity

"$id": "equipment/imaging high_speed.v1-8-©.json",
"$schema": "https aw.githubusercontent.com/Vidminas/python-jsonschema-

mat <> equipment viewhtml (f1c0322) < equipment viewhtm! dffe813) & X T, T [& > ™ L T <« -

C: > Users > Vidminas > GitHub > tusail-emdb > web > templates > equipment > <> equipment_view.html > ...

"type": “"object"”,
"properties”: {
"test_category”: "const": "Imaging" },
"test_subcategory”: "const": "High Speed" },
"class": "const": "Dynamic" },
"rating": "const": 3 },
"optical_properties”: "$ref": "#/$defs/optical_properties" },

class="36 equiptype_selection"
class="row mb "measurement_parameters": "$ref": "#/$def easurement_parameters"”
liv class="col-sm-12 col-md-6 col-lg-6" },
1 C1555=HCEPC‘" " 5 " " > > L L1 "
class="card-header">Geometric Prc required": |[[ optlcal_propertlesl, measurement_parameters"(]|,

iv class="card-footer"

I
class="card-bo

e class="table table_: " "$dE'FS"' r

- '|_

| "optical_properties”:

"type": "object",

"properties™: {
"colour”: { "enum": ["Black & White", "Colour™"
"sensor": { "type": "string"},
"lens_mount”: { "type": "string"},
"lens": { “type": "string"},
"operating_temperature_range": { "type": "string"}

I




Changes: units

V2: implicit/fixed units

Physical Properties

True Density: 2800.0
Envelope Density: 2650.0
Specific Gravity:

Particle Porosity:

Mechanical Properties

Shear Modulus:

Young's Modulus:

Poissons Ratio:

Hardness: 3.0
Toughness:

Ductility:

V3: convertible units

physical_properties

colour

coating material

refractive_index

true_density

envelope_density

specific_gravity

particle_porosity

N/A

N/A

N/A

N/A

N/A

N/A

N/A

kg/m*3

kg/m*3

None

None

mechanical_properties

shear_modulus
youngs_modulus
poissons_ratio
mineral_hardness
hardness
toughness

ductility

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Pa

Pa

None

mohs

N/mmA2

Pa

None



Changes: experiments with multiple
materials/equipment

V2: one material/equipment per
experiment

V3: multiple materials/equipment per
experiment

d 3
% tusail EM Db Home About Materials Equipment Experiments Related Publications Submit Data ¥ Contact % tusail EM Db Home About Materials Equipment Experiments Related Publications Submit Data ¥ Contact
Home / Experiments Database Home erimen

Experiments Database

The searchable experimental records database is shown below. New experiments can be added to the database.

Experiments Database

The searchable experimental records database is shown below. New experiments can be added to the database

View View Submit New View View Submit New
Material Metadata Equipment Metadata Experimental Record Material Metadata Equipment Metadata Experimental Record
Show v entries Search: Show v entries Search:
a Test ID 4 Operator Test Date Materials and Equipment Purpose Dataset Licence
ID Date User Material Equipment Location Category Phase Purpose Quality Dataset Lic
! Vid 2000-12-20  Test Material with Edinburgh pilot shear tester Verification  fake ignored
i 2012 P Limestone  Edinburgh University ~ Uniaxial Dry Calibration 3.7 gitlab.com/jpmorr CC
06-12  Morrissey Powder of Test ac Test Material with Edinburgh big shear box
Tester Edinburgh,
Edinburgh, 2 Vid 2000-04-20  Another Material with Edinburgh huge rotating drum tester Calibration  classified ignored
UK



Minor additions: images, bounds validation

Material and equipment images

Material ID: 3 - Eskal-500

- Description

Manufacturer:
Product Code:
Origin:

Material Type:

KSL Staubtechnik Gmbh

PARDEM Reference Solid

None

Powder

Download Record
Metadata

Download metadata for this

mm

49 D10:
1.44 D30
14.1 D60:

Relative min/max bounds checking

TUSAIL EM Db

X

e ['size_distribution’]: 'Dmin'=5.0 is greater than the maximum

'‘D50°=3.0!



Outputs summary

Public library pull requests / discussions:

Handle Enum columns backed by Python Enums by Vidminas - Pull Request #164 -
kvesteri/wtforms-alchemy (github.com)

How to apply custom validator to schemas that specify Sschema? - Issue #1133 - python-
isonschema/jsonschema (github.com)

unevaluatedProperties error gets raised before more relevant validation errors - Issue
#1132 - python-jsonschema/jsonschema (github.com)

git diff --stat main sglalchemy
e 176 files changed, 7083 insertions(+), 21199 deletions(-)


https://github.com/kvesteri/wtforms-alchemy/pull/164
https://github.com/python-jsonschema/jsonschema/issues/1133
https://github.com/python-jsonschema/jsonschema/issues/1132

What’s next for the TUSAIL EMDB?

A
ﬁ Consultations + evaluations with TUSAIL PhD students / post-docs

\/ New Horizon Europe grant applicationin October to expand the
EMDB



