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ABSTRACT 

The microstructures and the properties of a CTBN rubber touqhe- 
ned trifunctional glycidic ester (TGE) epoxy resin dual-phase sys- 
tem were studied. The SEM micrographs show that the CTBN rubber- 
modified TGE epoxy resins are composite materials consisting of a 
continuous phase of epoxy resins and a CTBN rubbery disperse phase. 
For the case of 120°C pre-reacted 20% CTBN modified epoxy resins, 
the rubber particles have a dual-phase structure, containinq an 
appropriate amount of epoxy resin particles, along with the best 
combination of strenqth and toughness. 

INTRODUCTION 

Rubber-modified epoxy resins constitute an important class of 

adhesives used especially in the aeronautical and cosmonautical 

industries. They are characteried by a combination of high adhe- 

sion strenqth and toughness. One of the most important factors 

controlling the toughness of rubber-epoxy resins system is the size, 

distribution and structure of the rubber particles. 

Recently, much attention has been paid to the fracture processes 

and the touqhening mechanism of rubber-modified epoxy resins [l-6]. 

However, very few works have been published in the literature con- 

cerninq the effect of structures of the rubber particles on the me- 

chanical properties in the rubber-epoxy resin, system. 

This paper deals with the morphologies of the fracture surface 

and the effect of pre-reaction temperature on the structures and 

properties in carbonyl terminated butadiene-acrylonitrile (CTBN) 

rubber toughened trifunctional glycidic ester (TGE) epoxy resins. 
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The task in this paper is to control the morphology of the composi- 

te, the structure of the separate phase and the interfacial adhe- 

sion in such a way as to obtain the best balance of properties. 

EXPERIMENTAL PROCEDURE 

The oriqinal materials used in the present study were TGE epoxy 

resin, CTBN rubber, acid anhydride and 2-ethyl-4-methyl imidazole. 

The shear strength and the uneven pull strength of the cohesion 

layer were determined with an Instron-type tensile machine operated 

at three temperatures, i.e., room temperature, 12O'C and 15O'C. The 

uneven pull strength is considered as the combination measurement 

of strength and toughness of the cohesion layer. The shape of the 

uneven pull specimens is shown in Fig.1. 
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Fig.1. Uneven pull specimen. 

The material bonded by the present adhesive was an aluminium 

alloy. The fracture modes were examined by using a scanning elec- 

tron microscope (SEM) Hitachi S-550. 

RESULTS AND DISCUSSION 

Figures 2 and 3 show the effect of the CTBN content on the shear 

strength and the uneven pull strength of the cohesion layer. As 

shown in Fig.2, when the testing temperature is relatively lower 

(room temperature), the shear strength increases on increasing the 

CTBN content from 0% to 20%, and when the testing temperature is 

relatively higher (12O'C and 150°C), the shear strength almost re- 

mains constant, indicating that the shear strength changes little 

with CTBN content. As shown in Fig.3, the uneven pull strength 

greatly increases on increasing the CTBN content from 0% to 20%. 
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CTBN% 

Fig.2. Influence of the CTBN content on shear strength. 

CTBN% 

Fig.3. Influence of the CTBN content on uneven pull strength. 

Figure 4 shows the effect of testing temperature on the shear 

strength of the cohesion layer. As shown in Fig.4, when the CTBN 

content is relatively higher (ZO%), the shear strength greatly de- 

creases on increasing the testing temperature from room temperature 

to 15ooc, and when the CTDN content is relatively lower (O%), the 

shear strengths almost remain constant, indicating that the shear 

strength changes little with testing temperature from room tempera- 

ture to 15OOC. 

Figures 5 and 6 show the effect of the pre-reaction temperature 

on the shear strength and the uneven pull strength of the cohesion 

layer. It can be seen that the shear strength and the uneven pull 

strength increase on increasing the pre-reaction temperature from 

room temperature to 12OOC. There is a maximum at 120°C, after which 
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Fiq.4. Influence of testing temperature on shear strength. 
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Fig. 5. Influence of pre-reaction temperature on shear strength. 

the shear strength and the uneven pull strength decrease. Therefore, 

it can be considered that the optimum pre-reaction temperature is 

12ooc. 

Figure 7 shows the fracture surfaces of impact specimens with 

different CTBN contents. As shown in Fig.7, the rubber-modified TGE 

epoxy resins are composite materials, consisting of a rigid matrix 

and a rubbery disperse phase. In other words, the epoxy resins are 

the continuous phase, and CTBN rubbers are the disperse phase. The 

higher the rubber content, the greater the rubber particle size. 

As shown in Fig.7a, for the case of 0% CTBN, the fracture surface 

appears as a typical brittle fracture pattern which is extremely 
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Fig.6. Influence of pre-reaction temperature on uneven pull strength. 

Fiq.7. SEM fractographs of impact samples containing 0, 10, 15 and 
20% CTBN, respectively. 
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similar to the brittle river pattern found in the cleavage fracture 

of metals. As shown in Fig.7c, for the case of 15% CTBN, (in con- 

trast with the small number of large cracks formed in the 0% CTBN 

specimen) a large number of small cracks was produced. The rubber 

particles both initiate and control crack propagation. Under 

stress, cracks are initiated at points of maximum principal strain, 

which are near the equators of rubber particles, and the crack pro- 

pagation is terminated when a large rubber particle is encountered. 

As shown in Fig.7d, for the case of 20% CTBN, the rubber particles 

are relatively large and contain a high oronortion of epoxy resins. 

Therefore, the rubber particles have a dual-phase structure, con- 

taining the appropriate amount of epoxy resin particles. This dual- 

phase structure is called a 'salami structure' [6]. As shown in 

Figs.7c, 7d and Fig.8, a great number of microcracks in the sub- 

inclusion structures will be initiated at rubber/epoxy resin inter- 

faces during impact testing. It may be that the interface binding 

strength exerts a tremendous influence on the toughness of the 

dual-phase system during fracture. Consequently, when a oreat num- 

ber of microcracks in the sub-inclusion structures will be initia- 

ted at rubber/epoxy resin interfaces during impact testing, the 

material can absorb a much higher strain energy before fracture. 

Dense cracking throughout a comparatively large volume of material 

accounts for the high energy absorption in uneven pull testing or 

shear tests. 

Fig.8. SEM fractographs of 20% CTBN impact sample showing the ty- 
pical sub-inclusion structure of a rubber particle with 'salami 
structure'. 
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Fioure 9 shows the fracture surfaces of impact specimens treated 

upon different pre-reaction temperatures. As shown in Fig.ga, for 

the case of room temperature, the rubber particle size is relatively 

small, and the sub-inclusion structures are not obtained. As shown 

in Fiq.Sc, for the case of 120°C, the rubber particle size is rela- 

tively large, and the ‘salami structures’ are obtained, that is to 

say, the rubber particles have a dual-phase structure, containing 

the appropriate amount of epoxy resin particles. 

Fig. 9. SEM fractographs of 20% CTBN impact samples treated upon 
different pre-reaction temperatures. a-room temperature, b-80°C, 
c-12ooc. 
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The toughening mechanism was discussed in literature [6] mainly 

in terms of the secondary microcrack initiation and propagation 

during or before propagation of the primary crack, and several im- 

portant models of the secondary microcrack formation were discussed. 

On Yang's assumption [6] the 'salami structure' of rubber particles can 

absorb a much higher strain energy before fracture, along with the best 

combination of strength and toughness. As shown in Figs. 7, 8 and 9, Yang's 

assumption is also true for the rubber-modified TGE epoxy resins. 

SUMMARY 

The microstructures and properties of a rubber-epoxy resin dual- 

phase system were studied. The results obtained are as follows: 

1. The CTBN modified TGE epoxy resins are composite materials, con- 

sisting of a rigid epoxy resin matrix and a rubbery disperse phase. 

2. The optimum pre-reaction temperature is 12O’C. For the case of 

12O'C pre-reacted 20% CTBN modified epoxy resins, the rubber parti- 

cles have a dual-phase structure, containing an appropriate amount 

of epoxy resin particles, along with the best combination of 

strength and toughness. 
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