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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

Practice

Read more
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Read more

(=)

Foundational Knowledge Systems Knowledge

& sampe

Canada



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

RESIN BEHAVIOUR DURING PROCESSING
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composites processing and why the KPC iz
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Processing

The Knowledge in Practice Centre (KPCY iz
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RESIN BEHAVIOUR DURING PROCESSING

INTRODUCTION

* Learning objectives:
Understand how the resin transforms during processing

ldentify 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
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RESIN BEHAVIOUR DURING PROCESSING

HOW DOES THE RESIN TRANSFORM DURING
MANUFACTURING?

The resin liquid-to solid-transition
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KPC A162: CURE OF THERMOSETTING POLYMERS

* 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
Viscous Liquid a Rubbery Gel a Glassy Solid

A giant macromolecule (gel) appears Cured, cross linked polymer (one giant
that percolate through the sample molecule) with some unreacted groups

e
Aé"g :

Unreacted monomers and cross linking
agents form small branched molecules

K,
AL

To learn more about thermosetting resins watch: 6 Sampe
; ' KPC/A122 Webinar Session 3 Canada


https://compositeskn.org/KPC/A162
https://compositeskn.org/KPC/A122

RESIN BEHAVIOUR DURING PROCESSING

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:

Ié%%-—a»«?%%-——» é!% __’H:%iﬂ-_*b QED —> B+ —> jEE ——»::;::-—+» jFE ——><::é>——> N ——»l;E;F——><::%b-—+

Receiving Storage Formulation ~ Reinforcement Compaction Impregnation Thermal Demoulding Secondary Inspection Trimming/ Assembling Inspection Reporting
deposition transformation thermal Machining
transformation
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IMPREGNATION STEP

STEP OUTCOMES

Impregnation

Liquid resin  —— &+‘ ——— Impregnated reinforcement

ANALYSIS

Material properties: Flow and consolidation management
* Resin viscosity

* Resin gel time Sose Filling time, dry spots, micro/macro-
* Reinforcement’s permeability - : voids formation

: : O
* Resin/reinforcement surface

tension and contact angle
« etc

BCKN
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KPC A203: VISCOSITY

 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:
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KPC A162: GEL TIME

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

GELATION
Liquid - Gel

* 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
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KPC A172: THERMAL TRANSFORMATION STEP

INPUT STEP OUTCOMES

Thermal transformation

Uncured resin ———— Curedresin

Material properties: ANALYSIS
* Resin’s cure kinetics
* Resin’s heat of reaction

* Resin’s thermal conductivity
* Resin’s heat capacity —> Degree of cure, exotherm, etc.

* Resin’s density

* Reinforcement’s thermal KPC A107
conductivity
* etc

Thermal management
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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

Low Degree of Cure High Degree of Cure | o 55C

T o
L

* Degree of cure is dependent on
temperature and time (thermal history) S S S S A

Time (min)

Degree of cure

V.
KPC A104 (UNDER CONSTRUCTION) ‘ Sampe

Canada
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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, H, (unit of J/g)
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DEMOLDING STEP

STEP OUTCOMES

Demolding

Part on tool —— Free-standing part

L,

Material properties: ANALYSIS
* Resin’s cure kinetics

Thermal management
* Resin’s glass transition

temperature
* Resin’s thermal conductivity A — Resin’s glass transition temperature
* Resin’s heat capacity and part’s temperature
* Resin’s density KPC A107
* Reinforcement’s thermal
conductivity
* etc
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KPC A102: GLASS TRANSITION TEMPERATURE (Tg)

* When heated above their Tg, thermosets soften and transition from hard, glassy
materials to soft, rubbery materials

GLASS TRANSITION
Gel - Glass

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

* Typically want to demould below Tg

Glass Transition (°C)

0.6
Degree of Cure
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Multiple components

Material properties:

* Resin’s cure shrinkage

* Resin’s coefficient of thermal
expansion

* Reinforcement coefficient of
thermal expansion

* etc.

BCKN

Knowledge
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ASSEMBLY STEP

STEP OUTCOMES

Assembly

-_—
L,

—_— — Assembly

ANALYSIS

Residual stress and dimensional control management

_— l" ‘\ —  Spring in, warpage,

residual stresses

KPC A165
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KPC A102: THERMO-VOLUMETRIC BEHAVIOUR

* Volume of thermoset resins changes with temperature and cure

Temperature Cure

Rubbery

T DOC !

Coefficient of thermal expansion (CTE) Coefficient of cure shrinkage (CS)
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RESIN BEHAVIOUR DURING PROCESSING

WHAT INFORMATION IS COMMONLY AVAILABLE
IN TECHNICAL DATA SHEET?

Let’s look at neat resin and prepreg material systems
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Example Technical Data Sheets

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

November 2004

Epoxy Novolac-
Based Vinyl Ester
esin

Typical Liqui
Properties

Applications and

Techniques

Benefits

1 Epoxy Vinyl Ester Resin

resin is 2 novolac-based epoxy vinyl ester designed to
provide exceptional mechanical properties at higher tmperatures. This resin
offers a high resistance (o solvents and chemicals, good retention of strength
and toughness at elevated temperatures, and excellent resistance to acidic
oxidizing environments.

Froperty Vale
Density, 25-CITTF 708 gL
Dynamic Viscosity, 36°CITTF 325 mPas
Kinemate Viecosty _——————30est
Styrene Content %
Sheff Life"™, Dark_25°CITTF 4 morths

o ) ropery vaues oy ot o ba conetnea 35 speonczsans
2] Unopenes crum win 1o ades,sromuers, acceraior, i, e SIeT e
OGRS o e s

Suitable for such applications as high temperature ehiorination or caustic
| waste treatment faciiilies and

Used for hydrochioric acid transport, tank, truck and railcar linings and gasohol
storage.

Recommended for most commercial FRP fabrication processes: hand lay-up,
spray-up, pultrusion and resin trans fer molding
Higher viscosity compared to

winding and contact molding fabrications.

For even higher temperature applications, resin can

resin also facilitatee filament

An economical altemnative to exotic alloys by alloning the use of lowercost
FRP over traditional materials.

Resists solvents, chemiicals, and acidic oxidizing environments 1o provide long
lasting, reliable equipment for cormosive materials.

Retains strength and toughness at elevated temperatures which enables users
to operate the equipment in a variety of applications.

Contains only 33 weight percent styrene, resulting in reduced styrene
emissions and allows fabricators to meet California’s South Coast Air

Quaity Management District Rule 1162

mene Hydroperoxide
e and BPO peroides
nd cther information are

It Naphthenate 5%

L
.20 pr Conapes
005prv DMA

020 porCaNapes

7o
010 prr Conape,
10 205 cower g ez

Casting

e

e

about the composite?

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

*Based on the review of over forty TDSs. Soon available on the KPC
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Example TDS - Vinyl Ester Resin

RESIN BEHAVIOUR DURING PROCESSING

November 2004

Epoxy Novolac-
Based Vinyl Ester
esin

 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

FCKN

Knowledge

Applications and
Fabrication
hniques

Benefits

1 Epoxy Vinyl Ester Resin

resin is 2 novolac-based epoxy vinyl ester designed to
provide exceptional mechanical properties at higher tmperatures. This resin
offers a high resistance (o solvents and chemicals, good retention of strength
and toughness at elevated temperatures, and excellent resistance to acidic
oxidizing environments.

Froperty Vale
X 7.08 gl
iscosity, 35°CITTF 325 mPas

Kinematic Viscosty 300 St

Styrene Content %

Sheff Life"™, Dark_25°CITTF 4 morths

(1) Typka propeny vaues ony. noto ba conetnea a5 speonczsans
2] Unopenes crum win 1o ades,sromuers, acceraior, i, e SIeT e
OGRS o e s

Suitable for such applications as high temperature ehiorination or caustic
scrubbing and storage, industrial waste treatment facilfies and
sohvent/extraction processes used in minin

Used for hydrochioric acid transport, tank, truck and railcar linings and gasohol
storage.

Recommended for most commercial FRP fabrication processes: hand lay-up,
spray-up, pultrusion and resin trans fer molding

Higher viscosity compared to resin also facilitatee filament
winding and contact molding fabrications.

For even higher temperature applications, resin can

An economical altemnative to exotic alloys by alloning the use of lowercost
FRP over traditional materials.
Resists solvents, chemiicals, and acidic oxidizing environments 1o provide long
lasting, reliable equipment for cormosive materials.

Retains strength and toughness at elevated temperatures which enables users
to operate the equipment in a variety of applications.

Contains only 33 weight percent styrene, resulting in reduced styrene
emissions and allows fabricators to meet California’s South Coast Air

Quaity Management District Rule 1162

mene Hydroperoxide
e and BPO peroides
nd cther information are

It Naphthenate 5%

L
.20 pr Conapes
005prv DMA

020 porCaNapes

7o
010 prr Conape,
10 205 cower g ez

Casting

e

e
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Example TDS - Vinyl Ester Resin

Epoxy Vinyl Ester Resin

* Example of a common vinyl ester resin

Epoxy Novolac- resin is a novolac-based epoxy vinyl ester designed to

Based Vinyl Ester provide exceptional mechanical properties at higher temperatures. This resin

Resin offers 2 high resistance to solvents and chemicals, good retention of strength
<ougn + sleuated 1 exealent resistance to aeid

ouidizing environments.

Typical Liquid Resin Froperty Ve
roperties Density, J5C7TF 108 gl
Dynamic Viscosity, 25°CI7TF T mPas
Kinematic Viscos 300 oSt
Styrene Content 33%
Shelf Life™, Dark, 25°CI77°F 4 morihs

YDl ropery vaet cry. o 105 carcued 2 spesPEaEOn.
e e Hycroperoside
P and BPO peroiides
Applications and Suitable for such applications as high temperature chiogifiation or caustic d cther information are
Fabrication Scrubbing and storage, indusirial waste treatment fagjfies and
Fechniques solventiextraction processes used in mining. 5
Used for hydrashioric acid transport, tank, truck afd railcar linings and gasohol it Naphihenate &%
storage. S—
Recommended for most commercial FRP fpffication processes: hand lay-up, s
Spray-up, pultrusion and resin tran fer moféing. oz porconapss
Higher viscasity compared to resin also failitates flament 005 P ONA
winding and contact moiding fabrcgyéns T
For even higher temperature apgiations, ) resin can
sed i
oA phr N
Benefits
o Gt s . .
forn 1147) Laminate
S

22 e g e

emissiong/and allows fabricators to meet California’s South Coast Air fcasting

QualityManagement District Rule 1162
. T — B

e caons. 51 s repares w0 sgnscant eres;

o re)

o (15 )

harmful if mishandled. Contact
essary protective equipment and

Typical Liquid Resin Property " Valuc

Properties Density, 25°CITT°F 1.08 gimL R
Dynamic Viscosity, 25°CHTT°F 325 mPas orsm
Kinemafic Viscosity 300 ¢t s i

Styrene Content 33%

fing Manual for Polyesters and

Shelf Life™, Dark, 25°CI/TT°F 4 months

Joara package

Drem, et WeigHt 452 Los,
Uies, Nt weigni 205 kg
Resimane
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Example TDS - Vinyl Ester Resin

Epoxy Vinyl Ester Resin

* Example of a common vinyl ester resin

Epoxy Novolac- resin is a novolac-based epoxy vinyl ester designed to

Based Vinyl Ester provide exceptional mechanical properties at higher temperatures. This resin

Resin offers 2 high resistance to solvents and chemicals, good retention of strength
<ougn + sleuated 1 exealent resistance to aeid

ouidizing environments.

Typical Liquid Resin Froperty Ve
roperties Density, J5C7TF 108 gl
Dynamic Viscosity, 25°CI7TF T mPas
Kinematic Viscos 300 oSt
Styrene Content 33%
Shelf Life™, Dark, 25°CI77°F 4 morihs

YDl ropery vaet cry. o 105 carcued 2 spesPEaEOn.
e e Hycroperoside
P and BPO peroiides
Applications and Suitable for such applications as high temperature chiogifiation or caustic d cther information are
Fabrication Scrubbing and storage, indusirial waste treatment fagjfies and
Fechniques solventiextraction processes used in mining. 5
Used for hydrashioric acid transport, tank, truck afd railcar linings and gasohol it Naphihenate &%
storage. S—
Recommended for most commercial FRP fpffication processes: hand lay-up, s
Spray-up, pultrusion and resin tran fer moféing. oz porconapss
Higher viscasity compared to resin also failitates flament 005 P ONA
winding and contact moiding fabrcgyéns T
For even higher temperature apgiations, ) resin can
sed i
oA phr N
Benefits
o Gt s . .
forn 1147) Laminate
S

22 e g e

emissiong/and allows fabricators to meet California’s South Coast Air fcasting

QualityManagement District Rule 1162
. T — B

e caons. 51 s repares w0 sgnscant eres;

o re)

o (15 )

harmful if mishandled. Contact
essary protective equipment and

Typical Liquid Resin Property " Valuc

Properties Density, 25°CITT°F 1.08 gimL R
Dynamic Viscosity, 25°CHTT°F 325 mPas orsm
Kinemafic Viscosity 300 ¢t s i

Styrene Content 33%

fing Manual for Polyesters and

Shelf Life™, Dark, 25°CI/TT°F 4 months

Joara package

Drem, et WeigHt 452 Los,
Uies, Nt weigni 205 kg
Resimane

Kinematic viscosity, v is the ratio of dynamic viscosity, u to density,

SCKN sampe
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Example TDS - Vinyl Ester Resin

MEKP Gel Time Table

Typical Gel Times™ Using K-90 CHP™ and Cobalt Naphthenate %"

Temperature 15 +-5 Minutes

30 +-10 Minutes

60 +-15 Minutes

18705 F

2.0phr CHP
0.20 phr CoMap8%
0.20 phr DhAA

2.0 phr CHP
0.20 phr CoMap5%
.05 phr DA

29°0TEF

15 phr CHP

0.30 phr CoMap%
0.15 phr DMA

5 phr CHE
0.20 phr CoNapB%
0.05 phr DMA,

1.0 phr CHP
0.20 phr CoMNap5l

J0°GESF

110 phr CHP
0.30 phr CoMapf%

T phr CHP
0.10 phr Colap8%

1.0 phr CHF
0.10 phr CoMap5

November

Epoxy Novolac-

Based Vinyl Ester
Resin

Typical Liquid Resin
Properties

Epoxy Vinyl Ester Resin

table provides typical gel times for Dogne Hydropsroxide
P). "Starting point’ formulations for MEKP e8P0 peroxides
i separate product bulletins. These and cther infofmation are

MEKP Gel Time Table

ToprcHe
020 prCaNaes

d|
: A,
JE ipmee  iame

e 2 TORFeTE
0.10 phr CaNpE®s

1/47) Laminate"™

Resin Clear Casting

5 Fangad_ T vehg

harmful if mishandled. Contact
essary protective equipment and

2d and underst

Typical Properties ' of Postcured’ ' Resin Clear Casting [

Casting Properties

Froperty 5l

Tensile otrengn B W= Ta o0y pei

Tensile Medulus 3.6 GHa n.2x 1 pa

Tensie Bongabon, Tield 347 EE ASTM D-03a50 Dar

Hlexural Sirengih 130 MPa = = 1

Flexural Modulus 3.8 Gra o0 pa ASTM C-roaTsa 17

Llersity A Ao M C-ro o0 1164

Volume Shiinkage o Ba%
THeSt (WEorhen [emperawre = SO0F

{lass Transiton Temperaire, Tg2 5= 330°F

Barcol Hardness 40

5 Standard __ Test Meihod
Asm E Em IE E E fing Manual for Fu\yies'eelia;d

ASTMDO3ENso5ar i Caremi

AS T DR Method ATS0 7o
ACTM O30S0 113502
ASTM C-aoEyENDy
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Example TDS - Vinyl Ester Resin

Epoxy Vinyl Ester Resin

November 2004

Epoxy Novolac- resin is a novolac-based epoxy vinyl ester designed to

Based Vinyl Ester provide exceptional mechanical properties at higher temperatures. This resin

Resin offers a high resistance to solvents and chemicals, good retention of strength
and toughnese at elevated temperatures, and excellent resistance to acidic
ouidizing environments.

Typical Liquid Resin Froperty Ve

Properties Density, J5C7TF 108 gl
Dynamic Viscosity, 25°CI7TF T mPas
Kinematic Viscos 300 oSt
Styrene Content 33%
Shelf Life™, Dark, 25°CI77°F 4 morihs

1) Typat rperty aves any. o o e concved a5 specticatns
) Unopens o i o st Srce, scderso . ea. e e Hycroperoside
P and BPO perodes
Applications and Suitable for such applications as high temperature chiorination or caustic d cther information are
Fabrication Scrubbing and storage, industrial waste treatment faeiities and
echniques solventrextraction processes used in minin
» Used for hydrachloric acid transport, tank, truck and railcar linings and gasohol
storage.
+ Retommended for most commercial FRP
Spray-up, pultrusion and resin trans fer mol
= Higher viscosity compared to
winding and contact moiding fabrications.
= For even higher temperature applications,
sed

it Naphthenate 6%

Benefits * An economical aiternative to exotic alloys

FRP over traditional materials.

- Resists solw < Ox Laminate Properties
a5iing, reliable equipment for corrosive m:

* Retains strength and toughness at elevate
to operate the equipment in a variety of ap)

» Contains anly 33 weight percent styrene. r
emissions and allows fabricators to meet
Quality Management District Rule 1162

)

Typcal progerty viues oy,
UE sangars vabaes s converson
Gure shede 34 hours o oo mmgertore. € ours 3 83 175°F)
Vi Confinuous vel o ‘Chooped siand mat, 458 o' (15 e
e i g, 205 g (34 sy

Safety and Hand! This resin contains ingredints which could be harmful if mishandled. Cong
Consideration with skin and eyes should be aveided and necessary protestive squig
dlothing should be worn.

. . - . i1 g . . 100
Laminate Properties Typical Properties ' of Postecured”™ & mm (1/4”) Laminate"™ o e e sy O S o s

Gl 05 Standard  Test Mathod e ey el ot s e A Ao oo

ENGIE ST TI0MFa 10,000 A5 T D-3030050 52y e
“TenslkE NModuls 17 g Tr 1 T T - e ttemperres b 2750, Storage e deresseswits
“TFleaurd & g E] 30 T AETW DT 1TE e s et e o

= DCLILEE ES =-3 1.2 010 il ! Bulk - Storage and Handling Manual for Polyesters and
s i A5 A= L e e Vinyi Exsters. A copy ofthis may b abtind from Composie Falymars ot

‘Stancam Package
S5-Ga Drum, et Weight 452 Los,
210 Lier, Nt Wiaght 205 Kg
N R

Typical proparty valuss only, mot to b= consrued s specificabions. 51 walses reporiad b0 bwo signfcant figures:
UE standand valuss basesd on Cconversion.

Cure screduie 24 hours &1 room Empeabune; S Roars at 500 (1TSF)

& mm [(1i4") Consfruchon — VRO . .

W = Continuous vel glass; M = Chopped strand mat, 450 g'm” [1.5 =%},

Wr = 'Woven mosing, S00 g'm (22 ozfyd)

FCKN
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RESIN BEHAVIOUR DURING PROCESSING

Example TDS - Prepreg Material

* This is an aerospace grade material

* This TDS focuses on the resin but some . | B
information is specific to a certain SR—————
prepreg model

fableinfl - & ollowing. } post-
impragnated formatsfor vacuum o sutodave

processing ~ 200 (320'r) wet Tg following 180° (336°] post-
Excellent damage tolerance: are

Lowdensity offrs 2-4% weight saving compared 1o

standard serospace matrices

nded that parts are.
o towerer, ferature/conditions

feessary to post- X ¥
iRl [es'n | (s
dry et

Js vatues have beengenerated pr

 What can we expect from a prepreg TDS?

T
(50w | (sm) | (20

ay | wet | wet

w | m
Resuits i (29 | (3)
acuum bag pressure Mainimum of So0mbar (20°H Ly %) >
Farmp e L0 2C(18 w3 mne =
Recommended cre yde hours st 12C (eI ¥ o Findeis,
)i

ool down Mazimum of 3° (5. 4°F) minuie 10 50°C (140°F)

s34 4 e sin. Gloes and

a3

. for clesing the
sen

20

a1

sas6

are sutabie for boen

prions) are avaiabe for ach

cations. ror al prodcts,
hours st 121

T T for some of the.
Products with two cure eyce varians, namely

+ 20hours at 82°C(180°F) cure followed by a 177°C (35C°F)post.cure
*  12K°C(250°F) cure with po post.cure.

o oo s

SCKN

Knowledge




Example TDS - Prepreg Material

RESIN BEHAVIOUR DURING PROCESSING

Features

10 days tack life and 21 days out life at 21°C [70°F)
&yailable im fully, partially or selectively
impreznated formats for vacwum or autoclave
processing

Excellent damage toleranoe

Lovw density offers 2-4% weight saving compared to
standard asrospace matrices

B0 to 180°C [176 to 356°F) mnitial cure

1E0°C {356°F) dry Tg following 180°C (356°F) post-
cure

160°C (320°F) wet Tg following 180°C |356°F) post-
cure

Festures

fableinfl

impragnated formatsfor vacuum o sutodave
processing

Excellent damage tolerance:

Lowdensity offrs 2-4% weight saving compared 1o
standard aerospace matrices

post-

~ 200 (320'r) wet Tg following 180° (336°] post-

‘vacuum bag pressure

Miimum of seombar [20°H)*

method
fre/autociave cure
Jeure only

nded that parts are.
risd ou. vowens
Jrcessary to post-

Resuls

fre/autociave cure

Js vatues have beengenerated

ferature/conditions

Remp rate

110 2°C (18 w357 minate

Recommended i yde

hours at 120 eEH

Mazimum of 3° (5. 4°F) minuie 10 50°C (140°F)

BCKN

Knowledge

cursapy
thickness
i) men)

022

biors. i douss,
)tk

e sin. Gloves and

. for clesing the

sas6

are sutabie for boen

TTTT T
Products with two cure eyce varians, namely

*  12K°C(250°F) cure with po post.cure.

+ 20hours at 82°C(180°F) cure followed by a 177°C (35C°F)post.cure




RESIN BEHAVIOUR DURING PROCESSING

Example TDS - Prepreg Material

LOCIave Cure

acuum bag pressure Binimum of 930mbar |29"Hg)*
Autoclave pressure 6.2 bar (%0 psi)**

Ramp rate 140 2°C (1.8 to 3.6°F)/minute
Recommended cure cyde 4 hours at 120°C [248°F)

f inimum of sgombar (26" )*
iCool down Maximum of 3°C |5.4°F)/minute to 60°C [140°F) stor sabsop

Famp rate 102c 183 6 Tmnute

2 hours 3t 120°C (2a2'F]
ool down Marimum of 3 (54'F)/minins 0 60°C (140"

| suchas fainn)

Temperstue ourstion
Features .

(e 2ohours Gven vacuum bag cure/autociave e
+ gyt 1307C (28677 2 hours Oven vacuum bag cure/auociave cure
« avaisblein ful sevclase'r] 2 hours ‘uociare cure only

impregnated
processing
+ Excellent dam
+ Lowdensiy
standard ae

the materal wil

Temperature Duration Processing method m—

BO°C [176°F) 20 hours Crven vacuum bag cure/fautoclave cure 2= e
130°C (266°F)* 2 hours Crven vatuurm bag cure/fautoclave cure ‘
1B0°C (356°F) 2 hours Autoclave cure only

par
subjectcito: minimm cureor post-cure of 302E-ZEE-F] befe frther IOCeSEng Oparations re carmed out. Havever,
are P

Js vatues have beengenerated

cursapy

Sampletest conditons ncnes

‘vacuum bag pressur] Cured resin darsty 2 hours ot 180°C [355°7)

Ramp iz = Tours 2t 180°c (35677, dry
2 howrs at 100° (356°F] wet®

BMA E onset Ty saMA 0252

biors. i douss,
)tk
Resin ge ime

ool down

2t 150° 355

T ——r—

] I [
hysica [t v st o ach
o ot s
s e
i

Test sample;/test conditions Results [

Cured resin density 2 hours at 180°C [356°F) 1.18 gfom” -

2 hours at 180"C [356°F], dry 1B0°C |356°F)

2 hours at 180°C [356°F], wet® 160°C |311°F)

At BO"C (176°F) 16.5 hours

Resin gel ime At 130°C (266°F) o0 minutes
At 180°C [356°F) 10 minutes

DMA E' onset Tig, SACKMA

BCKN

Knowledge




RESIN BEHAVIOUR DURING PROCESSING

Example TDS - Prepreg Material

Festures
10daystackfe and 21 daysoue ife at21°C (70F)
« vaisblein fly, partaly or selectvely
impragnated formatsfor vacuum o sutodave
processing
Excellent damage tolerance:
Lowdensity offrs 2-4% weight saving compared 1o
standard aerospace matrices

prature/condtions

orplanned:

i o

| e | e

[ o oo
cal prop - e o L

cursapy
thickness
i) men)

biors. i douss,
)tk

sz

o
unirectional

e sin. Gloves and

several mechanical property databases including both lamina and laminate level A and B basis values have been generated
or are in the process of being generated. The following are the product forms with associated databases either completed i z s | e e et
or planned: = ’

S gass]
srs abric

3xew fabric

Fibre arzal Rasin Fibra curad pi

Material . weight . wolume red ply

- . Momeandature Fibre/Style weight R thicknass

specification [Faw] R (3% fraction (P T fmm e databa . :
) | EWICE | o | [eeT]imm) SE

Acuf 258 a5 50.01 0262 ettt o e v e
BHS fabric ) - . m,mu-mmm.mmw,mpsn-rfy./
E-glass/ 7781 ;e arew oo
BHS fabric 200 35 a5.42 0254
7
Unidirectional
s/
3K P fabric
asaf
5k SHS fabric
asa/
Unidirectional
52-glass/
5HS fabric
G30-500/

m 3K PW fabric 8 3448
</ — -
14 HTs3631/ 32 58.86
unidirectional

Knowledge

Unidiectional

145 32 58.72 0.140

133 36 54.34

36 5434

32 58.72

35 47.02




RESIN BEHAVIOUR DURING PROCESSING

Example TDS - Prepreg Material

Test termperature,/conditions
' %3'C 83°C
(5877 [120°F) [100°F)
dry dry wist
204 Eaa
[131) [122)
. J 63.5 644 J

0° Tensile modulus [9.21) 19,34} Features
-21) {9-34)
BSE e =
(124) =T . :ﬁ:hx:ﬁ)wmwhﬂmin:ww‘((iss‘f)ﬂwl—
]

LowGensy cffers 25 weight svig compared 0
60.9 - Sandardserospace matices

0F Tensile strength

0" Tensile strength

20" Tensile modulus

(2.83) [ retterpeesemitns
[ - u:?v’n oo | a5y
! i | i . 3 N s 3
[233) (54.9) [ P | oo |
d products. 0" Tensile modulus. &= sea 758
533 696 ode:

50° Tensle strength

0" Compressive strength

0° Compressive modulus ,
l [8.6) {10.1)

- 3584 B ‘"
o0 Compressive strength , o compressvesungn
P £ [85.1) {55.6) L ——

545 601 g rcane [E— - comprsive s

50" Tensle modulus ) ) ) prature/condtions

0" Compressive modulus

B85 330 ot i o ¢ 547 iz oS0 v ez

In-plane shear strength (IP5S) : = e e g o e ptane hear moctaes (958
P Eth {IP<S5) [9.95) |5.51) [— : s sosnd
370 260 i s

In-plane shear madulus (IPSM) [0.53) 10371 o
-53) \0-37]
i hot tendi s engh

718 434 (0 taminate)

filed hols compressie strength

[10.4] {6.29) (@Alaminae]

‘Compressive strength afer impact (67
m impact]

. for clesing the

0 interlaminar shear strength (IL55)

SAcA
samze-

Open hole tensile strength 356 in2
(0.1 laminate) [51.5) {53.9)
Open hole compressive strength 27B 219
|1 laminate) (402} {31.8) o sren
Filled hole tensile strength 380 P et

(1 laminate) i [55.1)
Filled hole compressive strength 447 /
[/ laminate) (64.7)

. . SACMA
Compressive strength after impact (6.7 — 225
J/mm impact) - a1 (326

oataica 153 g/ i e i A2 e res

TTTT
products with two cre cyce variad

BCKN
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Example TDS - Prepreg Material

RESIN BEHAVIOUR DURING PROCESSING

0° Tensile strength

Test termnperature/conditions

20°C 23°C 93°C
155°F) [185°F)
dry wat
254
(42.6)

0" Tensile modulus

225
(3.26)

50" Tensile strength

266
(38.5)

258
(37.3)

90° Tensile modulus

213
{3.07)

209
(3.03)

07 Compressive strength

350
[52.1)

0° Compressive modulus

Festures

method

fableinfl

Jeure only

impragnated formatsfor vacuum o sutodave

processing

Excellent damage tolerance:
Lowdensity offrs 2-4% weight saving compared 1o
standard aerospace matrices

‘vacuum bag pressure

~ 200 (320'r) wet Tg following 180° (336°] post-

post-

prded that parts are
risd ou. vowens
Jrcessary to post-

Resuls
Miimum of seombar [20°H)* Timgn

50" Compressive strength

Remp rate

Recommended cura cyde

80" Compressive modulus

In-plane shear strength (IPS5)

In-plane shear modulus (IPSM)

0° Interlaminar shear strength (ILS5)

Open hole tension strength
[/ laminate)

Open hole compression strength
(01 laminate)

Filled hole tension strength
[0/1 laminate)

st temperature/conditions
Test

o Tensie srength

o Tensile modulus

50" Tensie strengih

0" Tensie modus

 Compressve sirength

 Compressve modus

0° Comprazsive trength

0 Comprassive modius

biors. i douss,
)tk

e sin. Gloves and

. for clesing the

I0-plans shear strength (P53)

I-pians shear modius (PsM)

 nteriaminar shear strength {155)

Open hote comprassion strength
(ot aminate)

TTTT T
Products with two cure eyce varians, namely

+ 20hours at 82°C(180°F) cure followed by a 177°C (35C°F)post.cure
*  12K°C(250°F) cure with po post.cure.

(a aminte)

P r————

10 tack I 21 days out i (minimum)

BCKN
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RESIN BEHAVIOUR DURING PROCESSING

Example TDS - Prepreg Material

Festure

post-

llowing 180'c (356°F) post-

veveeee o= = 5 @ reactive formulation, but has a low exotherm risk and can be used for moulding thick sactions. f in doubt,
contact the Group's Technical support staff for advice when moulding sections greater than S0mm (2in) thick.

BCKN

Knowledge




RESIN BEHAVIOUR DURING PROCESSING

HOW ARE THE KEY MANUFACTURING
PROPERTIES CHARACTERIZED?

Gel timer, rheometer, differential scanning calorimeter
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KPC M101: GEL TIME

& sampe

Canada

https://compositeskn.org/KPC/M101
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RESIN BEHAVIOUR DURING PROCESSING

KPC M100: DEGREE OF CURE

& sampe

Canada

https://compositeskn.org/KPC/M100
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RESIN BEHAVIOUR DURING PROCESSING

KPC A203: RHEOMETER

& sampe

Canada
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RESIN BEHAVIOUR DURING PROCESSING

Summary

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

Manufacturing Step Analysis Type Resin Property

Degree-of-cure

Glass Transition (vitrification)

Storage, formulation, Thermo-Chemical Heat of Reaction
impregnation, thermal Analysis
transformation,
demolding, secondary
thermal transformation Thermal Conductivity

Flow-Compaction Viscosity
Analysis Gelation

(Visco) Elastic Constants

Density

Specific Heat Capacity

Stress-Deformation

Analysis Thermal Expansion

Assembly

Cure Shrinkage

& sampe

Canada

e-in-practice-centre



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

RESIN BEHAVIOUR DURING PROCESSING

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?

For more information on future dates and times visit:

compositeskn.org

& sampe

Canada


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