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ABSTRACT

A study was made of, the tensile behaviour at room temperature, 75°C and
100°C, of diglycidyl ether of bisphenol A resin systems modified by the
introduction of (i) a linear mono-epoxide aliphatic glycidyl ether, (ii) a
highly branched mono-epoxide glycidyl ester of a saturated tertiary mono-
carboxylic acid, (iii) a mixture of the linear mono-glycidyl and diglycidyl
ethers of butanediol and (iv) a low viscosity diepoxide aﬁd also an
elastomer (Hycar CTBN). Resin systems showing relatively high elongation to
failure without severe degradation of strength or stiffness at elevated

temperatures were obtained.
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1. INTRODUCTION

Conventional epoxy resins are generally brittle and as the matrix in
fibre/epoxy composite laminates they are prone to cracking under stress.
In order to overcome the cracking, some form of modification‘of the resin
is required which improves its elongation to failure without lowering its
elastic medulus to a value useless for a composite matrix at temperatures
of service.

Previous work [Stevens & Lupton 1975a] has shown that a system which
exhibits yield and cold-drawing does provide improved resistance to cracking
(toughness) in glass fibre/epoxy composites. The resin system in that study
incorporated a reactive diluent and uged a polyether triamine hardener so
that the glass-transition temperature* range was in the vicinity of room
temperature (RT) and the composite had limited applications.

The present publication describes a study of the effects of several
reactive diluents on an anhydride-cured epoxy resin system which was
conducted with a view to obtaining a resin system that displays the vielding
phencmenon and is suitable as a composite matrix for service at temperatures
around 70°C,

In addition to modifying the mechanical properties of the cured System
there is good reason to believe that some of these diluents might facilitate
fabrication of composites by improving the viscosity/time/temperature
relationship of the uncured resin system,

2. MATERIALS

The epoxy resin system studied here was based on diglycidyl ether of
bisphenol A (DGEBA) and cured with the maleic anhydride adduct of methyl-
cyclopentadiene (NMA). Details from the commercial literature of the grades
of resins used are'given in Table 1.

The following reactive diluents were selected for study:

(i) a linear mono-epoxide aliphatic glycidyl ether (CIBA-GEIGY

Epoxide No. 7);

(iiY a highly branched mono-glycidyl ester of a saturated tertiary
mono-carboxylic acid (Shell Chemical Co. Cardura E10):

(iii) a mixture of the linear mono-glycidyl and diglycidyl ethers of
butanediol (CIBA-GEIGY Diluent DY 022); and

(iv) a low viscosity cycloaliphatic diepoxide-vinylcyclohexene

dioxide (CIBA-GEIGY Diluent DY 032).

* temperature at which a polymer changes from a glassy to a rubbery state,



The structural formulae of these diluents are given in Table 2 and
their properties (from commercial sources) listed in Table 3.

Since previous work [Stevens & Lupton 1975b] had shown that in some
cases additions of an elastomer, carboxyl-terminated copolymer of butadiene
and acrylonitrile (Hycar CTBN, B.F. Goodrich Chemical Co.), were beneficial
in inducing yielding in resins, it seemed worthwhile to study the effects
of the elastomer in these systems also. The compositions of systems
studied here are listed in Tables 4 - 8.

3. TEST METHODS

3.1 Tensile Testing

Tensile test specimens of the resin, to the form and dimensions shown
in Figure 1, were cast in open, PTFE-coated moulds and cured in an air
oven with mechanical circulation.

Tensile testing was carried out at RT, 75° and 100°C on a 4.45 kN
Instron machine at a strain rate of 1.48 x 10”%s™!, with the strain being
monitored by an Instron strain gauge extensometer with a 50.8 mm gauge
length. Elevated temperature tests were carried out in an Instron environ-
mental chamber with a temperature stability of * 0.6°C.

In general, only one test was carried out at each condition as experience
had shown that, except in the case of brittle behaviour, duplicate tests
give reasonable reproducibility and that one test is sufficient to give a
gqualitative description of ductile behaviour.

The following properties were recorded:

(i) The upper yvield stress - the initial maxima in the stress—-strain

curve,

(ii) The lower yield stress - the minima in the stress-~strain curve.

{iii) The fracture stress - the nominal stress at fracture (which nmay
pre-empt the yield processes).

(iv) The elongation to failure.

(v) The 0.5% secant modulus - a measure of the elastic modulus

determined by the slope of the line drawn from the origin of
the stress—-strain curve to the curve at 0.5% strain.

3.2 Deformation Behaviour

When the material exhibited non-elastic deformation, i.e. it showed a
vield effect or extensive elongation, evidence for such behaviour could
often be obtained from inspection of the specimen after the test. Yielding
generally pfoduced a shear hand at one shoulder at least and, if the yield

drop was extensive, significant reduction in cross section occurred (necking).



At the higher temperatures, uniform drawing of the specimen could result

in extensive elongation to failure. The presence of Hycar CTBN often gave
rise to fine-scale crazing within shear bands and also fine crazing, normal
to the tension axis, throughout the gauge length. Observations such as
these were recorded after each test.

4. RESULTS

4.1 Diluent-free Systems

The properties of the diluent-free systems and comments on their
deformation behaviour are listed in Table 4, and the stress-strain curves
of the low molecular weight (MW) systems presented in Figure 2. The higher
MW systems show some ductility at 75°C but are still brittle at RT. The
addition of 5 parts per hundred of resin (phr) of Hycar CTBN gives some
improvement of low temperature ductility and enables higher fracture
stresses to be achieved. It also induces shear band formation at elevated
temperatures.

4.2 Epoxide No. 7

The tensile properties of the systems containing Epoxide No. 7 and cb-
servation of its deformation behaviour are shown in Table 5. Shear band
formation and necking occurred at 75°C without the addition of Hycar CTBN.
At the 20 phr diluent level the elastic modulus and strength become severely
degraded at elevated temperatures. The addition of 10 phr Hycar CTBN aiso
severely reduces the modulus. The best combination of properties in this
system was found at low concentrations (< 10 phr) of diluent with 5 phr
Hycar CTBN.

4.3 Cardura ELQ

The results given in Table 6 show that the system can tolerate up to
10 phy Cardura E1Q, with yielding occcurring at elevated temperatures without
severe degradation of properties. At 15 phr the ductility is reduced. The
RT behaviour at all levels studied is brittle and addition of 10 phr Hycar
CTBN does not alleviate this but reduces the strength and stiffness at
elevated temperatures.

4,4 Diluent DY 022

The results for the systems containing BY 022 are shown in Table 7.
Up to at least 30 phr diluent the systems display a yield effect at elevated
temperatures while retaining strength and stiffness. Addition of § phr
Hycar CTBMN reduces RT brittleness. The stress-strain curves for this system
(ND6) are shown in Figure 3; the system displays a good balance of proper-

ties with some capacity for yielding in tension at RT and wellf&éveloped



yielding at 75° and 100°C.

The effect of varying the hardener/resin + diluent ratio at the 30 rhr
diluent level can also be seen in Table 7 (DN Series). At the lower ratio
the elevated temperature properties are degraded (indicative of incomplete
cross-linking) while at the higher ratio the system appears to be more
brittle with less capacity for yielding.

The effect of increasing the MW of the DGEBA molecule on the properties
of the 30 phr diluent system is also shown in Table 7 (FG and GY series).
Increasing the MW increases RT strength and modulus of the Hycar CTBN-free
formulations but, in general, the properties are not greatly dependent on
MW. The yield drop at 75°C is depressed by 5 phr Hycar CTBN in the higher
MW systems, while in the low MW system it is enhanced.

4.5 Diluent DY 032

The properties of the system containing DY 032 are listed in Table 8.
At 30 phr diluent the system shows good retention of elastic modulus at
elevated temperatures but the system is rather brittle with low elongation
to failure even at 100°C. No effect of deformation could be observed in the
specimens tested at any temperature. Further investigation of this diluent
was not pursued,

5. DISCUSSICN

The effects of the various diluents on the mechanical behaviour of these
resin systems can be qualitatively explained in terms of their structure.
Meono-epoxide diluents give rise to breaks in the cross-linked network and
so facilitate thermal or stress-induced rearrangement of the structure.

Epoxide No. 7 is a long linear, mono—epoxide molecule which would be
expected to contribute some flexibility to the structure. As a consegquence,
the glass-transition temperature of the system is reduced so that at 20 phr
Epoxide No. 7, the system is almost rubbery at 100°C.

Cardura E10, while containing a single epoxide group is, on the other
hand, highly branched and thus possesses limited flexibility., Its effect
on the glass-transition temperature is less marked than that obtained with
Epoxide No. 7. Stress-induced motion is also apparently more difficult
and the best yield behaviour was observed at the lower concentrations and
the highest temperature.

Diepoxide diluents will enter the cross-linked network without
forming breaks. The modification of the structure thus depends on the
flexibility and length of the diepoxide diluent molecule. Diluent DY 032
is a short molecule of limited flexibility and so its effect on the glasg-

transition temperature would be expected to be slight and the capacity



of the network for shear deformation would be unlikely to be improved. Our
results are in agreement with these proposals.

Diluent DY 022 is a mixture of médium length mono- and diepoxide
containing chains with minimum stearic hindrance. The resin system can
tolerate fairly large quantities of the mixture, the bifunctional portion
apparently preventing drastic reduction in the glass-transition temperature
while the monofunctional component gives the network increased freedom of
movement.,

The role of Hycar CTBN remains unclarified. It forms small spheres
(of the order of 100 nm diameter) of a rubber rich phase which are cross-
linked to the resin matrix [McGarry & Willner 1968]. These spheres toughen
the matrix, principally by inducing small crazes that form normal to the
tension axis. The smaller spheres are known toc initiate fine-scale shear
deformation [McGarry 1970] which might be expected to facilitate the formation
of the macroscopic shear band, giving rise to the necking in the tension
test. Our results show that such enhancement is sometimes observed at low
Hycar CTBN levels.

The resin system showing the best combination of properties is probably
Resin ND6 containing 30 phr DY 022 and 5 phr Hycar CTBN. Attempts to improve
the initial formulations by varying the quantity of hardener and the mole-
cular weight of the epoxide resin molecule were unsuccessful.

Further investigation of the yield process and the effects of molecular
structure and Hycar CTBN could lead to resins with improved mechanical
behaviour.

6. CONCLUSIONS

A correlation between the molecular structure of the diluent and the
thermo-mechanical behaviour of the resin system was demonstratéd. A long
linear mono-epoxide diluent increased the ductility of the system but
brought about a severe decrease in the glass-transition temperature. A
highly branched mono-epoxide diluent showed less effect on the glass transi-
tion temperature but had a limited effect on ductility. Short diepoxide
molecules of limited flexibility could be tolerated in large amounts without
greatly affecting the glass-transition temperature but resulted in a brittle
system.

The best combination of properties was found with a diluent composed
of a mixture of linear mono- and diepoxide molecules (30 phr Diluent DY 022)

with the addition of 5 phr Hycar CTBN,
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TABLE 1

DETAILS OF DGEBA RESINS

Resin

Epoxide Molar Mass

Viscosity at 25°C

{g) (Pa s)
Araldite LY 556 175-210 8-12
Araldite F 182-196 i2-16
Araldite 6004 185 5-6
Araldite GY 280 225-290 60-80(40°¢C)




TABLE 2
STRUCTURAL FORMULAE OF REACTIVE DILUENTS

0
CH3 - (CHp)g - CHp - O = CHp - dﬁ(- CHy

{1} Epoxide No. 7

®)

Ry = ;1— H - 0 - CHy - cﬁfl\zﬂz

R3

Ry, Rs, Ry are alkyl groups of which one is a methyl group

{2) Cardura E10 (Cj3Hy,03)
0
H- O - CHy - (CHp)py - CHy - O - CHy - cé/:\hﬂz
57%

CHy ~ CH - CHp -~ O ~ CHp - (CHp)p - CHp - O - CHy - CE/L\EHZ
43%

(3} CIBA-GEIGY Diluent DY 022

Ve

(4) CIBA-GEIGY Diluent DY 032

O




TABLE 3

PROPERTIES OF REACTIVE DILUENTS

Epoxide

Beiling

Vapour

Viscosity . Flash
Diluent Molar at 25°C Point Pressure Point
Mass (Pa ) at 760 mm Hg | at 100°C (°C)
(9) (°c) (mm Hg)
Epoxide No. 7 227 0.01 - - 200
Cardura E10 240-250 0.007 260 0] 130
DY 022 127 0.01 260-270 8 145
DY 032 77 0.02 227 <10 104




TABLE 4

COMPOSITION AND PROPERTIES OF DILUENT-FREE SYSTEMS

TABLE 4a

COMPOSITION

Composition - parts by weight

Resin Code Resin Hardener | Accelerator Hycar
Ly 556 ey 280| wa'® | pwp-30™) | cren(®
10 100 0 80 0.75 0
Araldite F BDMA(z)

FGl 50 50 70 1 0
FG2 50 50 70 1
GY1l 0 100 60 1 0
GY2. 0 100 60 1

Cure 2 h 100°C, 16 h 150°C

(1
(2)

Benzyldimethylamine

(3)

Tris (dimethylaminomethyl}-phenol

Maleic anhydride adduct of methylcyclopentadiene

(4)

Carboxyl-terminated copolymer of butadiene and acrylonitrile

TABLE 4b

ELASTIC MODULUS AND DUCTILITY

Resin [-5% Secant Modulus(GPa)| Elongation (%)
Code | prx | 750¢ | 100°c | rr*| 75°C | 100°C
10 2.53 2.48 2.01 2.81] 3.0 10.0
FG1 2.87 2.59 2.26 3.2 6.5 4.0
FG2 2.85 2.46 2.07 5.7]| 6.4 11.0
GYl 2.72 2.33 2,25 3.61 4.2 3.6
GY2 2.54 2,20 1.85 4.3 4.6 6.5

*RT = Room temperature




TABLE 4c
TENSILE STRENGTH

Upper Yield Stress Lower Yield Stress Fracture Stress
Resin {MPa) {MPa) (MPa)
Code
RT 75°C 100°C RT 75°C 100°¢C RT 75°C | 100°C
10 - 41.4 - - 31.3 58.2 153.2 | 31.3
FG1 - 62.1 45.0 - - - 68.1 |1 54,9 | 43.5
FG2 - 56.7 41.4 - - 31.8 80.2 | 49.3 | 31.8
GY1 - 56.0 42 .4 - - - 70,7 {55.2 § 39.8
GY2 - 49.3 33.9 - - - 70.5 143.6 | 27.1
TABLE 4d
OBSERVATIONS OF DEFORMATION BEHAVICUR
Resin RT 7500 100°¢
Code
10 no effect | no effect slight necking
FGl no effect | slight necking no effect
FG2 no effect | moderate shear band | moderate shear band
' fine crazing moderate crazing
GY1 no effect | no effect no effect
GY2 no effect | slight shear band moderate necking
fine crazing slight shear band
slight crazing




TABLE 5
COMPOSITION AND PROPERTIES OF SYSTEMS CONTAINING EPOXIDE NO. 7

TABLE ba
COMPOSITION
Composition - parts by weight
Resin
Code Resin Hardener| Diluent {Accelerator Hycar
Araldite NMA(1) Epoxide BDMA(z) CTBN(S)
F No., 7
SF1 100 86.5 10 1 0
SF8 100 89.8 15 1 0
SF2 100 23 20 1 0
SF3 100 100 30 1 0
SF5 100 83.3 5 1 5
SF9 100 84.9 7.5 1
SF10 1.00 86.5 10 1
SF6 100 86.5 10 1 10
SF4 100 93 20 1 10

Cure 2 h 100°C, 16 h 150°C
(1)
(2)
(3)

Maleic anhydride adduct of methylcyclopentadiene
Benzyldimethylamine
Carboxyl-terminated copolymer of butadiene and acrylonitrile
TABLE Shb
ELASTIC MODULUS AND DUCTILITY

. 0.5%% Secant Modulus (GPa) Elongation (%)
Resin
Code | ppl4) 75°C 100°c | ®rr | 75°C | 100°C
SF1 2.96 2.42 1.86 2.6 6.9 | 36.1
SF8 2.19 2,35 1.73 2.9 7.0 1]52.5
SF2 3.01 2.32 0.93 2.1 ]16.8 {63.5
SF3 3.03 1.84 0,25 2.4 |37.5| 36.9
SF5 2.94 2.13 1.93 5.3 6.5 31.2
SF9 2.72 2,22 1,77 3.2 8.2 ]18.8
5F10 2.67 2.35 1.89 3.0 4.9 7.3
SF6 2.34 1.69 0.86 6.7 140,01 73.5
SF4 2,80 1.63 0.55 4.1 27.6 1] 45.8
(4)

Room temperature



TABLE Sc
TENSILE STRENGTH

Upper |Yield Stress | Lower Yield Stress| Fracture Stress
Resin (MPa) (MPa) {MPa)
Code
RT 75°C { 100°C RT 75°C | 100°C RT 75°C | 100°C
SF1 - 48.5 128.8 - 37.6 | 23.6 64,2 - -
SF8 - 45.7 {23.4 - 38.019.0 65.8 - 24.1
SF2 - 38.9 {10.8 - 30.8110.1 56.0 - -
SF3 - 30.1 - - 25.9 - 59.9 - 5.3
SF5 - 50.8 135.2 - 44.0 | 27.4 78.3 - 27.7
SF9 - 47.9 128.9 - 39.3| 23.0 67.3 - -
SF10 - 49.3 | 28.9 - 45.4 | 23.7 66.7 - -
SF6 62. 30.2 {12.9 59.4( 25.8] 10.9 - 26.91{ 16.4
SF4 - 28.9 - - 24.8 - 64,7 - 12,2
TABLE 54
OBSERVATIONS OF DEFORMATION BEHAVIOUR
Resin RT 75°C 100°C
Code i
SF1 no effect | necking 91(5) drawn
moderate shear band
SF8 | no effect | no effect glight shear bhand
gl drawn
SF2 no effect | necking gl drawn
slight shear band
SF3 no effect | slight shear band gl drawn
gl drawn
SF5 no effect | necking moderate shear bands
glight shear band crazing in gl
crazing in gl
SF9 no effect | slight shear band glight shear band
slight crazing in gl| slight crazing in gl
SF10 | no effect { distinct shear band slight crazing in gl
crazing in gl
SFe no effect { slight shear band gl drawn
gl drawn
SF4 no effect | slight shear band slight shear band
gl drawn gl drawn

(5)

Gauge length




TABLE 6
COMPOSITION AND PROPERTIES OF SYSTEMS CONTAINING CARDURA ELO

TABLE 6a -
COMPOSITION
Composition - parts by weight
Resin
Code Resin Hardener | Diluent | Accelerator Hycar
Araldite NMA(1) Cardura BDMA(2) CTBN(B)
F E1Q :
CFl 100 83.1 5 1
CF2 100 86.2 10 1
CF3 100 89.3 15 1
CF4 100 86.2 10 1 10

Cure 2 h 100°C, 16 h 150°C
(1)
(2)
‘(3)

Maleic anhydride adduct of methylcyclopentadiene

Benzyldimethylamine

Carboxyl-terminated copolymer of butadiene and acrylonitrile

TABLE 6b
ELASTIC MODULUS AND DUCTILITY

. 0.5% Secant Modulus(GPa) Elongation (%)
Resin
Code | rr'® | 950c | 100°c | mr [75°C {100°C
CFl 2.87 2.606 2.42 2.3 6.3 8.4
CF2 2.82. 2.37 2.18 2,1 16.1 8.2
CF3 2,92 2.37 2.12 2.3 4.1 4.3
CF4 2.55 2.03 1.46 2.6 {4.5 15.5

(4 Room temperature



TABLE 6cC

TENSILE STRENGTH

Resin Upper Yield Stress|{Lower Yield Stress| Fracture Stress
Code
RT |75°C j100°C | RT |[75°C [100°C { RT |75°C |100°C
CF1 - 61.9 [ 46.1 - - 35.4 57.0 |55.6 -
CF2 - 55.5 | 38.1 - 47.2 129.4 52.6 | - 29.5
CF3 - - 36.3 - - 34.4 56.8 [ 54.3 -
CF4 - - 23.1 - - 19.6 |[54.0 [41.7 -
TABLE 6d
OBSERVATIONS OF DEFORMATION BEHAVIOUR
Resin | pp 75°C 100°C
Code
CF1l no effect | slight shear band slight shear band
CF2 ne effect | distinct shear band distinct necking
distinct shear band
CF3 | no effect | no effect no effect
CF4 no effect | slight crazing in gl slight necking
gl slightly drawn




TABLE 7
COMPOSITION AND PROPERTIES OF SYSTEMS CONTAINING DY 022

TABLE 7a
COMPOSITION
Composition - parts by weight

Resin

Code Resin Hardener{ Diluent| Accelerator Hycar

' gztdg;g wma (1) | DY 022 pova‘2) | cren '3

ND1 100/ 91 10 1 0
ND2 100/0 101 20 1 0
ND3 1oc0/0 111 30 1 0
ND5 100/0 101 20 1 5
ND6 100/0 111 30 1 5
ND4 100/0 101 20 1 10
DN1 100/0 104 30 1 0
DN2 160/0 104 30 1 5
DN3 100/0 125 30 1 0
DN4 "100/0 125 30 1 5
FG3 50/50 100 30 1 0
FG4 50/50 100 30 1 5
GY3 0/100 90 30 1 0
GY4 0/100 20 30 1 5

Cure 2 h 100°C, 16 h 150°C

(1)
(2)
(3)

Maleic anhydride adduct of methylcyclopentadiene
Bengzyldimethylamine

Carboxyl-terminated copclymer of butadiene and .acrylonitrile



TABLE 7b

OBSERVATIONS OF DEFORMATICN BEHAVIOUR

Resin

@)

-] (=]
Code RT 75°C 100°C
ND1 no effect slight necking slight necking
' slight shear band distinct shear band
ND2 no effect slight necking distinct necking
distinct shear band slight shear band
ND3 no effect slight shear band slight shear band
glts) drawn
ND5 no effect slight necking slightly drawn gl
slight shear band
slight crazing in gl
ND&6 slight crazing in gl | slight necking slight shear band
slight shear bands slight crazing in gl
moderate crazing in gl | gl drawn
ND4 no effect distinct necking gl drawn
mcderate shear band
distinct crazing in gl
DN1 no effect distinct necking gl drawn
moderate shear band
DN2 no effect moderate necking gl drawn
slight shear band
slight crazing in gl
DN3 no effect no effect two moderate necks
DN4 slight crazing moderate necking gl drawn
slight shear band
crazing in gl
FG3 no effect slight necking gl drawn
slight shear band
FG4 slight crazing in gl | slight necking gl drawn
moderate shear band
c¢razing in gl
GY3 no effect moderate necking slight necking
slight shear band
GY4 no effect distinct necking gl drawn

distinct shear band
crazing in gl

(4)

Room temperature

{(5)

‘Gauge length




TABLE 7c

ELASTIC MODULUS AND DUCTILITY

0.5% Secant Modulus (GPa)

Elongation (%)

Resin
Code RT 75°c | 100°c | Rr |75°c |100°C
NDL | 2.80 2.59 2.32 |s5.3 4.5
ND2 | 2.98 2.57 1.94 | 2.3 ) 12.3
D3 | 2.90 2.44 2.21 {3.3 ) 22.5
ND5 | 2.74 2.26 1.70 ) 4.7 | 9.5
ND6 | 2.83 2.56 1.77 .0 [13.4 | 34.3
ND4 | 2.75 2.15 1.64 |3.1] 6.2 | 36.0
DNL | 3.05 2.35 1.49 |2.5| 6.0 |>47.5
pN2 | 2.92 2.19 0.53 | 4.9 {14.4 {>70.0
DN3 | 2.60 2.43 2.08 ) ) 19.8
DN4 | 2.87 2.28 1.78 ] ) 31.9
FG3 | 3.40 | 2.38 1.18 .8 {14.8 | 41.9
FG4 3.05 2.06 0.75 A 9.6 | >46.9
cy3 | 3.43 2.40 1.68 |e6.2112.0] 17.2
Gva | 2.85 2.15 1.05 {5.61] 9.9 58.1




TABLE 7d

TENSILE STRENGTH

Upper Yield Stress

Lower Yield Stress

Fracture Stress

Resin {MPa) {MPa) (MPa)
Code

RT | 75°C | 100°C | RT | 75°C | 100°C | RT | 75°C [ 100°C
ND1 - 61.1 [ 46.2 - - - 82.4 | 54.4 ] 42.2
ND2 - 58.1 | 33.0 - - - 58.4 ] 45.3 ] 25.4
ND3 - 52.5 | 35.6 - - 26.5 [69.1|44.6] -
ND5 - 49.1 | 26.7 - 42,3} 22.5 [73.2] =~ -
ND6 76.8 | 47.9 | 28.7 - 36.5 | 22.8 |76.2| - 24.7
ND4 - 42,31 23.7 - - 19.3 '|60.9]| 34.8 | 21.2
DN1 - 45.2 1 18.0 - 34,1 15.3 [60.4 | 34.1| >20.6
DN2 75.5137.3| - - 29.4| - 74.8 | 29.4 | »12.5
DN3 - 53.2 1 36.3 - - 27.7 {50.5| 43.7 ] 28.0
DN4 - 48.5 | 28.3 - - 23.4 [79.5]39.5] 25.1
FG3 - 44.9 | 13.7 - 32.910.4 {78.5{ - 13.4
FG4 - 39.0| 8.6 - 30.6| 7.5 |75.1] - 12.2
GY3 94.6 | 45.6 | 21.0 - 35.2{ 17.9 |[93.4| - 18.4
GY4 73.2 | 37.9 | 13.7 - 31.4|12.8 |71.8]| =~ 17.8




TABLE 8

COMPOSITION AND PROPERTIES OF SYSTEM CONTAININGDY 032

TABLE 8a
COMPOSITION
Composition - parts by weight
Resin Resin
Code Araldite Harde?ef Diluent Acqeler?g?r
1
6004 NMA DY 032 bY 063
VF1 100 120 20 0.75
Cure 11 h 160°C
TABLE 8b

ELASTIC MODULUS AND DUCTILITY

0.5% Secant Modulus (GPa) Elongation (%)
Resin
Code | pp(3) 75°¢ | 100°c | RT |75°C | 100°C
VFl 3.83 2.62 2.21 2.2 2.4 5.8
TABLE 8c

TENSILE STRENGTH

Resin

Upper Yield Stress

{MPa)

Lower Yield Stress

Fracture Stress

(MPa} (MPa)
Code
RT 75°C | 100°C RT 75°C 1100°C RT 75°C {100°C
VFl - - 38.1 - - - 73.0 |48.5 | 32.7

(1)

Maleic anhydride adduct of methylcyclopentadiene

(2)

Tertiary amine salt

(3)

Rocm temperature
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