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Trends In chemical products engineering

Chemical Industry

| > Research in Chemical product
Raw Basic Refined Consumer Bibliometric study - Chemical Product Design
257 publications 2000-2020
Materials products chemicals chemicals 120
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Process Focus design Product Focus design &
. Continues Processes . Batch Processes
*  High Volume * Low Volume 0
. Low Cost . High qualit
en quatity 1995 2005 2015
: : —=—Formulated Molecules Commodities
Big Companies SEMs ——Devices —e—No category defined

Hegedus, L. L. (2005). Chemical engineering research of the future: An
industrial perspective. AIChE Journal, 51(7), 1870-1871.
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Context

Trends in the chemical industry

Commodities

Produits moléculaires
Volume élevé - Faible colt

Big Companies

Conception axée sur les
procédés

Produits chimiques
spécialisés et de
consommation

Produits chimiques
de performance

Produits formulés
Faible volume - haute qualité

Opportunités pour les PME
conception axée sur le produit
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Some market trends
CHEMICAL SECTOR

ws
s _ _
’ﬂ European Union chemical sector()

Petrochemicals 25.7%

Basic inorganics14%

Other inorganics
-— Industrial gases

Fertilizers

" 543-billion-euro
EU chemical
sales 2019

Polymers 19.2%

Plastics
Synthetic rubber

Man-made fibres

Auxiliaries for industry
Paints & inks
Crop protection
Dyes & pigments

Source: Cefic Chemdata International 2020 Unless specified, chemical industry excludes pharmaceuticals

(1) Cefic Facts and Figures 2021

COSMETIC SECTOR

Worldwide cosmetic market

Estimated market 2020 (@

€200 Bn
8
<~ 5.5 =5.5
Growthofthe 4 ¢ 3gR<39~74 142
worldwide
cosmetics market  ©
over 10 years 4
8 -8

2014 2015 2016 2017 2018 2019 2020
Cosmetic sector in France ®

24 ‘ of VSEs and SMEs

billion €
(2) https://www.loreal-finance.com/
(3) febea.fr
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Comparison: chemical process and product design

COMMODITIES/PROCESS DESIGN FORMULATED PRODUCTS/PRODUCT DESIGN

* From needs to specification
* Ingredient's selection
* Ingredients-process synergy o T

e Scale-up restrictions y

1.  https://www.icis.com/explore/resources/news/2021/03/12/10617016/eu-chemicals-need-stable-strong-regulatory-framework-to-grow-execs
2. Gani, R.,, & Ng, K. M. (2015). Product design - Molecules, devices, functional products, and formulated products. 5
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Comparison: chemical process and product design

COMMODITIES/PROCESS DESIGN FORMULATED PRODUCTS/PRODUCT DESIGN

* From needs to specification
* Ingredient's selection

* Ingredients-process synergy o T
Unit operations

e Scale-up restrictions y
Thermodynamics

FEED Transport phenomena

Systems thinking
o

PRODUCT
a

BYPRODUCT

FEED
PRODUCT
BYPRODUCT

FEED

PRODUCT
BYPRODUCT
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Comparison: chemical process and product design

COMMODITIES/PROCESS DESIGN FORMULATED PRODUCTS/PRODUCT DESIGN

* From needs to specification
* Ingredient's selection

* Ingredients-process synergy
* Scale-up restrictions

Unit operations Product properties User perception

Thermodynamics
Transport phenomena

Systems thinking
o

&

No robust methodology yet x
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Challenges in the design of formulated products

Challenges during formulation

BtoC. Fuzzy target properties.

0OOCH

Formalization of the design of formulated
NEED :

products and associated data

Complexity. The design process is not sequential but iterative.

Product development is based on Know-how and staff experience.

There are many sources of information, and it is often incomplete

There is a high uncertainty in decisions, especially in early design stages
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Ontology : knowledge management approach

Ontology is “an explicit specification of a conceptualization” which is an abstract, simplified view of the
world that is represented for some purpose. (1)

ADVANTAGES

/4
=

h'

(1) Gabriel et al. 2016

Knowledge representation
Consistent and reliable knowledge representation

Industry 4.0
Knowledge valorization
Digital application

Greater complexity

Designer teams, SEM, organizations
Learning from experience
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Our research: interdisciplinary and growing

Formulated products

Consumer products

Cosmetic products

Multi- scale from an
organizational point of
view/ consideration of
the design context.

Holistic: from need
analisis until producto
formulation

0dOI0g\
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Commercial software

Territory

Organization | ‘ Product Process

Cosmetics design and
management

- Coptis

A CREATIVITY

o FORMULNTION SOFTWARE

Process simulation

e
A

uid Dynamics

(Waspentech

Our research

Product design
ProCAPD (2
roCAPD

Product design -highly meific
“‘Formulating for
Efficacy™, the

Software" (1)

Specialized tools/research

Chemical products
Cosmetic products
Formulated produ

Materials

Dimensions

(1) Formulating for efficacy.
Wiechers, Kelly, Blease,
Dederen, 2004

(2) FProCAPD - A Computer-
Aided Model-Based Tool for
Chemical Product Design and
Analysis. Kalakul..Gani, 2018
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Ontology : knowledge management approach

Ontology is “an explicit specification of a conceptualization” which is an abstract, simplified view of the
world that is represented for some purpose (!

1. Scope, goal and
competences definition

Objects in the domain in which we are interested
2. Conceptualization

Object properties are relationships between two

individuals. Datatype properties describe

relationships between individuals and data values. 3. Development (OWL
lenguage)

Sets containing individuals
4. Validation

(1) Gabriel et al. 2016
(2) Protégé OWL tutorial. University of Manchester



Ontology scope and contextualization

1. Scope, goal and competences definition

The scope of the ontology is the representation of the information and knowledge developed by our
research group in chemical product design (1) (2). It comprises a flexible design workflow,
ingredients and heuristic databases and developed study cases.

The goal is to create a system to assist the decision-making process during formulated product
design and more specifically cosmetic product design.

It can be used in a near future for the development of decision support software for the design of
formulated products, capable of

a. Present and graphically represent relevant information based on a query of a user.
b. Store information for specific developed cases

c. Combine heuristic, strategies and ingredient information for decision making or
recommendations.

(1) Serna et al. 2021
(2) Arrieta et al. 2019
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Ontology scope and contextualization

2. Conceptualization

Design process

Case study Design

Problem
Selection of
problem
related
Information Preselection
AP AN of related
Ingredients
Mathematical
ﬁ expression of
L L the problem
~ ~ L Best
g = = Optimization alternatives
— PUt —
Heuristics Froperty :
database function Lnif:;:t It\/lode.llmg Optimization
database echnique

tool
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Ontology development

Fatty alcohol

i Vegetable oil
Ingredient database egetable oi

Ester

Emolient

Ether
Hydrocarbon

Silicone

(/
>

e Tk

uuuuuu

13 properties for emollients
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Ontology development

3. Development (OWL lenguage)

OWEmulsion

Heuristic database:

OWCosmeticEmulsion

HairCream

SpecificApplication S

eOfGeneralty

(=

Surfactant AnionicSurfactant
, Monionic Surfactant
Emoll

RelatedTolIngredieri " __Emollient,

ccccc

G _
\@cﬂ' olngredie

RelatedT oProductProperty

,,,,,,,,,,,,,

@dTnlngredienthpeD

RelatedTolIngredientProperty




1 Background 2. Methodology 3. Development 4.Re 5. Conclusions

Ontology development

Heuristic database:

OWEmulsion

OWCosmeticEmulsion

HairCream

SpecificApplication
DegreeOfGeneraity

FacialCream

SunScreen

CationicSurfactant

AnionicSurfactant

NonionicSurfactant
Emollient

RelatedTolngredient

Thickener

OtherAdditives

Sensorial

RelatedToProductProperty

VisualAppearance

TransportAndRelease

SpecialFunction

RelatedToIngredientProperty
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Ontology development

3. Development (OWL lenguage)
M d o Thing |

v @ Heuristic

V- ) DegreeOfGenerality
- v SpecificApplication
- @ HeuristicSunCream
- @ HeuristicFacialCream
- @ HeuristicBodyCream
- =@ HeuristicHairCream
- ) OWCosmeticEmulsion
- OWEmulsion
- @ Tolngredient
- @ ToProductProperty
“ 0 TolngredientProperty
@ Ingredient
v {0 Otheringredient
-~ Preservative
f ) PHRegulator
v @ Active
- @ UvFilter
- Antioxidant
- =~ Humectant
- & Thickener
v @) Surfactant
- ¥ lonicSurfactant
- - @ AmphotericSurfactant
- @ AnionicSurfactant
- CationicSurfactant
£ Nonlonic Surfactant
V- & Emollient

5. Conclusions
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Ontology example

Call all
heuristics
related to the
product hair
conditioner
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Ontology example

4. Example of information from both databases

] Polyglycerol ester - Polyglyceryl3 Diisostearate
] Polyglycerol ester - Polyglyceryl3 Oleate

i i 7] Monoglycerol esters - Glyceryl Oleate
Cag Informatl:[lt W 9 élk '_lglucossigle_g‘- Met_h)il Glucose Isostearate
orbitans - itan trioleate
an re_presen : [0 Sorbitans - Sorbitan sesquioleate
gra phlca"y (7] Fatty acid salt - Stearic Acid (and) Palmitic Acid

B POE Alkyl ethers - Steareth 100
B POE Alkyl ethers - Ceteareth20

] ] Polygly er - Polyglyceryl3 Distearate
Class: [ Monoglycerol estegs- Glyceryl'Steamte SE

8 %%?gwsters - Stegrate Citrate
glhicosides esquistearate
Surfactant e A i T
[ Sorbitans -
I Sucrose ester - Sucrose Stearate
ow £ Alkyl sulfate - Sodium Cetearyl Sulfate
B Polyethylene sorbitans - Polys oib ate 60
B Polyethylene sorbitans - Polyso!
B Polyethylene sorbitans - PEG

B POE Alkyl ethers - S
B POE Alkyl ethers - C
L Sulfosuccing Mm CetearylSulfosuccinate

B Acylamino acid sa - %ium Stearoyl Glutamate

1 Monoglycerol estefs < Glyceryl Stearate

O/W and W/O ) Sorbitans - Sorbitan Monopalmitate
a I Sorbitans - Sorbitan Monostearate
B Sorbitans - Sorbitan isostearate

B POE Alkyl ethers « Steareth2

B Sucrose ester - Sucrose Distearate

Cream Lotion

Cream Lotion Spray

D Cream Lotion Spray Gel

D Cream
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Ontology example
4. Example of information from both databases

Call information
and represent it
graphically

Class: Thickener
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Ontology example
4. Example of information from both databases

Call all
ingredients by
property

Ex: low
spreading
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Conclusions
Chemical product design challenges Our Ontology

Complexity. The design process is not sequential but iterative. It
is mostly based on expert knowledge

Formalization

It is necessary to structure knowledge and information
for the design of formulated products.
Ontology for knowledge management

It is a versatile tool to represent knowledge that can be easily
adapted, and expanded

It can be used to create digital applications

It can be used to search and represent specific data

It represents the knowledge and information for formulated
product design and cosmetic product design developed and
gathered by our design team

It has been especially used to represent information from
ingredient databases and heuristics.

The ontology organizes ingredients according to their
functionality and chemical nature and characterizes them
with properties relevant to their use in formulations

The ontology organizes ingredients according to their
functionality and chemical nature and characterizes them
with properties relevant to their use in formulations

The ontology organizes the heuristics according to the
desired properties of the product and the ingredients and
properties involved

The combined use of the two databases allows for a
comprehensive view of the formulation possibilities.
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