
A WEBINAR ON:
RESIN BEHAVIOUR DURING PROCESSING: 

Key Resin Properties to Consider
When Developing a Manufacturing Process

CO-HOSTED BY:

compositeskn.org nasampe.org

https://compositeskn.org/
https://www.nasampe.org/


marine

HOSTED BY: HOSTED BY:

RESIN BEHAVIOUR DURING PROCESSING

YOUR HOSTS

Casey Keulen, Ph.D., P.Eng.
Assistant Professor of Teaching, University of British Columbia
Co-Director of Advanced Materials Manufacturing MEL Program, UBC
Director, Knowledge in Practice Centre, Composites Knowledge Network

• Ph.D. and M.A.Sc. in Composite Materials Engineering
• Over 15 years experience in industry and academia working on 

polymer matrix composites in aerospace, automotive, marine, 
energy, recreation and others

• Experience working with over 150 companies from SME to major 
international corporations

• Expertise in liquid composite moulding and thermal management



marine

HOSTED BY: HOSTED BY:

RESIN BEHAVIOUR DURING PROCESSING

YOUR HOSTS

Christophe Mobuchon, Ph.D.
Research Associate/Sessional Lecturer, University of British Columbia
Team Lead, Composites Research Network
Director, Industry Projects, Composites Knowledge Network

• Ph.D. and M.A.Sc. in Chemical Engineering
• Awarded materials scientist – Rio Tinto Alcan award for academic 

research excellences
• Over 30 publications, conference presentations and patents in the 
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to develop new manufacturing processes and products
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PAST WEBINAR RECORDINGS AVAILABLE
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KNOWLEDGE IN PRACTICE CENTRE (KPC)
• A freely available online resource for composites engineers: 

https://compositeskn.org/knowledge-in-practice-centre/
• Focus on practice, guided by foundational knowledge and a systems-based 

approach to composites manufacturing

https://compositeskn.org/knowledge-in-practice-centre/
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PAST WEBINAR RECORDINGS AVAILABLE
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TODAY’S TOPIC:

RESIN BEHAVIOUR DURING PROCESSING:
Key Resin Properties to Consider

When Developing a Manufacturing Process
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• Learning objectives:
- Understand how the resin transforms during processing
- Identify and understand the key properties to consider when developing, 

optimizing or troubleshooting a manufacturing process
- Understand the information commonly available in technical data sheet
- Understand instruments used to characterize manufacturing properties

8

INTRODUCTION
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HOW DOES THE RESIN TRANSFORM DURING 
MANUFACTURING?
The resin liquid-to solid-transition
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• During polymerization the resin goes through different phases

• At gelation it changes from a viscous liquid to a rubbery gel

• As the curing advances, the rubbery gel transforms into a glassy solid at vitrification  
Gelation Vitrification

Unreacted monomers and cross linking 
agents form small branched molecules

A giant macromolecule (gel) appears 
that percolate through the sample

Cured, cross linked polymer (one giant 
molecule) with some unreacted groups

Rubbery GelViscous Liquid Glassy Solid

KPC A162: CURE OF THERMOSETTING POLYMERS

To learn more about thermosetting resins watch: 
https://compositeskn.org/KPC/A122 Webinar Session 3  

https://compositeskn.org/KPC/A203

https://compositeskn.org/KPC/A162
https://compositeskn.org/KPC/A122
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WHAT ARE THE KEY PROPERTIES TO CONSIDER?
Viscosity, gel time, heat of reaction, degree of cure, etc.
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KPC A215: MANUFACTURING WORKFLOW

• Let’s look at a Resin Transfer Moulding (RTM) workflow
• Underlined in blue are the steps we will discuss

Key Manufacturing Steps:

Receiving Storage Formulation Compaction Impregnation Demoulding Inspection Inspection ReportingAssemblingReinforcement 
deposition

Trimming/
Machining

Thermal 
transformation

Secondary 
thermal 

transformation

https://compositeskn.org/KPC/A215

https://compositeskn.org/KPC/A215
https://compositeskn.org/KPC/A215
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IMPREGNATION STEP

OUTCOMESINPUT

Liquid resin Impregnated reinforcement

Filling time, dry spots, micro/macro-
voids formation

Material properties:
• Resin viscosity
• Resin gel time

• Reinforcement’s permeability
• Resin/reinforcement surface 

tension and contact angle
• etc. 

STEP

ANALYSIS

KPC A158

Flow and consolidation management

Impregnation

https://compositeskn.org/KPC/A158
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KPC A203: VISCOSITY
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• Viscosity is an indicator of how easily the resin will impregnate the reinforcement

• Viscosity is a function of both temperature and degree of cure and can be described using 
empirical models such as an Arrhenius-type equation:

( )E f
RTAe

α
µ

∆

=

Where A is a constant, ΔE is the activation 
energy,  f(α) is the dependency on the degree 
of cure, α and RT describes the kinetic energy 
as a function of the temperature, T

https://compositeskn.org/KPC/A203

https://compositeskn.org/KPC/A203
https://compositeskn.org/KPC/A203
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KPC A162: GEL TIME

15

GELATION
Liquid → Gel

• Gel time indicates when gelation occurs, i.e. when the resin transforms from a 
liquid to a soft gel and stops flowing

• Gel time  depends on degree of cure. Epoxy resins typically gel at a degree of 
cure of 0.5 while polyester resins gel before a degree of cure of 0.15

https://compositeskn.org/KPC/A162

https://compositeskn.org/KPC/A162
https://compositeskn.org/KPC/A162
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KPC A172: THERMAL TRANSFORMATION STEP

OUTCOMESINPUT

Uncured resin Cured resin

Degree of cure, exotherm, etc.

Material properties:
• Resin’s cure kinetics

• Resin’s heat of reaction
• Resin’s thermal conductivity

• Resin’s heat capacity
• Resin’s density

• Reinforcement’s thermal 
conductivity 

• etc. 

STEP

ANALYSIS

KPC A107

Thermal management

Thermal transformation

https://compositeskn.org/KPC/A172

https://compositeskn.org/KPC/A172
https://compositeskn.org/KPC/A107
https://compositeskn.org/KPC/A172
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KPC A104: DEGREE OF CURE
• Degree of cure (DOC) is an indication of how far the crosslinking is advanced in a 

thermoset resin
• DOC is defined with a number between 0 and 1 (or 0% and 100%) where 100% is a fully 

cured resin

17

Low Degree of Cure High Degree of Cure

• Degree of cure is dependent on 
temperature and time (thermal history)

https://compositeskn.org/KPC/A104 (UNDER CONSTRUCTION)

https://compositeskn.org/KPC/A104
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KPC A114: HEAT OF REACTION

• Cure of thermoset resins is an exothermic reaction and heat is generated during the 
curing process

• A thermoset resin has the potential to release a certain amount of energy while curing, 
referred to as the total heat of reaction, HR (unit of J/g) 

Typical epoxy  

https://compositeskn.org/KPC/A114

https://compositeskn.org/KPC/A114
https://compositeskn.org/KPC/A114
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DEMOLDING STEP
OUTCOMESINPUT

Part on tool Free-standing part

Resin’s glass transition temperature 
and part’s temperature

Material properties:
• Resin’s cure kinetics

• Resin’s glass transition 
temperature

• Resin’s thermal conductivity
• Resin’s heat capacity

• Resin’s density
• Reinforcement’s thermal 

conductivity 
• etc. 

STEP

ANALYSIS
Thermal management

Demolding

KPC A107

https://compositeskn.org/KPC/A107
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• When heated above their Tg, thermosets soften and transition from hard, glassy 
materials to soft, rubbery materials

20

KPC A102: GLASS TRANSITION TEMPERATURE (Tg)

GLASS TRANSITION
Gel → Glass

T > Tg T < Tg

• The glass transition temperature is a function of 
degree of cure

• Typically want to demould below Tg

https://compositeskn.org/KPC/A102

https://compositeskn.org/KPC/A102
https://compositeskn.org/KPC/A102
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ASSEMBLY STEP
OUTCOMESINPUT

Multiple components Assembly

Spring in, warpage, 
residual stresses

Material properties:
• Resin’s cure shrinkage

• Resin’s coefficient of thermal 
expansion

• Reinforcement coefficient of 
thermal expansion

• etc. 

STEP

ANALYSIS
Residual stress and dimensional control management

Assembly

KPC A165

https://compositeskn.org/KPC/A165
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• Volume of thermoset resins changes with temperature and cure

22

Temperature
Vo

lu
m

e

TTg

Glassy

Rubbery

KPC A102: THERMO-VOLUMETRIC BEHAVIOUR

Cure

Coefficient of thermal expansion (CTE) Coefficient of cure shrinkage (CS)

Vo
lu

m
e

DOC 10

https://compositeskn.org/KPC/A102

https://compositeskn.org/KPC/A102
https://compositeskn.org/KPC/A102
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WHAT INFORMATION IS COMMONLY AVAILABLE 
IN TECHNICAL DATA SHEET?
Let’s look at neat resin and prepreg material systems 
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• Technical Data Sheets (TDS) usually focus on design 
properties and include limited manufacturing 
properties*

• Viscosity, gel time and a baseline cure cycle are 
commonly given

• With polyester and vinyl ester, end users can define 
their own formulations, which further limits the 
information in a TDS

• The TDS is for the resin, what about the fibre, what 
about the composite?

• Let’s review a vinyl ester resin and epoxy prepreg TDS

24

*Based on the review of over forty TDSs. Soon available on the KPC

Example Technical Data Sheets
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• What can we expect from a resin TDS, 
specifically a vinyl ester or polyester resin?

• This is an ‘industrial grade’ resin vs an 
aerospace grade that we’ll see next

25

Example TDS – Vinyl Ester Resin



marine

HOSTED BY: HOSTED BY:

RESIN BEHAVIOUR DURING PROCESSING

26

Example TDS – Vinyl Ester Resin

• Example of a common vinyl ester resin
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Example TDS – Vinyl Ester Resin

• Example of a common vinyl ester resin

𝜐𝜐 =
𝜇𝜇
𝜌𝜌

Kinematic viscosity, 𝜈𝜈 is the ratio of dynamic viscosity, 𝜇𝜇 to density, 𝜌𝜌:
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Example TDS – Vinyl Ester Resin
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Example TDS – Vinyl Ester Resin
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• This is an aerospace grade material
• This TDS focuses on the resin but some 

information is specific to a certain 
prepreg model

• What can we expect from a prepreg TDS?

Example TDS – Prepreg Material
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Example TDS – Prepreg Material
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• MTM-45?

Example TDS – Prepreg Material
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Example TDS – Prepreg Material
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Example TDS – Prepreg Material
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Example TDS – Prepreg Material
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Example TDS – Prepreg Material
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HOW ARE THE KEY MANUFACTURING 
PROPERTIES CHARACTERIZED?
Gel timer, rheometer, differential scanning calorimeter
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KPC M101: GEL TIME

https://compositeskn.org/KPC/M101

Note: This slide contains a video.
View the recording of the AIM event to see it.

https://compositeskn.org/KPC/M101
https://compositeskn.org/KPC/M101
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KPC M100: DEGREE OF CURE

https://compositeskn.org/KPC/M100

Note: This slide contains a video.
View the recording of the AIM event to see it.

https://compositeskn.org/KPC/M100
https://compositeskn.org/KPC/M100
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KPC A203: RHEOMETER

https://compositeskn.org/KPC/A203

Note: This slide contains a video.
View the recording of the AIM event to see it.

https://compositeskn.org/KPC/A203
https://compositeskn.org/KPC/A203


marine

HOSTED BY: HOSTED BY:

RESIN BEHAVIOUR DURING PROCESSING

Summary

Manufacturing Step Analysis Type Resin Property

Storage, formulation, 
impregnation, thermal 

transformation, 
demolding, secondary 

thermal transformation

Thermo-Chemical 
Analysis

Degree-of-cure
Glass Transition (vitrification)

Heat of Reaction
Density

Specific Heat Capacity
Thermal Conductivity

Flow-Compaction
Analysis

Viscosity
Gelation

Assembly Stress-Deformation 
Analysis

(Visco) Elastic Constants
Thermal Expansion

Cure Shrinkage

• There are a number of important resin properties and concepts one needs to understand when 
developing, optimizing, or troubleshooting a manufacturing process

https://compositeskn.org/knowledge-in-practice-centre/

https://compositeskn.org/knowledge-in-practice-centre/
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For more information on future dates and times visit:

compositeskn.org

Thank you for joining us!

Keep an eye out for announcements on the next AIM events
And don’t forget to visit the KPC for more information:

https://compositeskn.org/knowledge-in-practice-centre/

Questions?

https://compositeskn.org/
https://compositeskn.org/knowledge-in-practice-centre/
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