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ABSTRACT

Despite of some polymeric compounds vulnerability to different types of radiation, high polymer, as epoxy
adhesives, had prospered in the nuclear industry because their mechanical properties to high doses of ionizing
radiation is maintained. Because of this, epoxy adhesives are widely used in nuclear applications: nuclear power
plants, aerospace components, radioactive sealed sources to medicine, radioactive waste immobilization. In the
present work, the performance of a diglycidyl ether of bisphenol ether A (DGEBA) was analyzed. Tensile tests
of adhesive single lap joints bonded with epoxy were performed. The environmental effect of ultraviolet (UV)
exposure was observed in the mechanical reaction of PolyAnchor 4100 HT.  In particular, maximum load
decreases slightly in aggressive environment. It is possible to conclude the material is proper to use in internal
and external areas, mainly due to the easy application when compared to welded joints with similar strength.
The easy application reduces the workers exposure time to ionizing radiation.

1. INTRODUCTION

Composite materials applications have been carried out in many areas such as marine, aircraft
and offshore due their low costs, fast repair and high mechanical and chemical resistance in
aggressive environments [1,2].

In the last years, polymers achieved many implementations in engineering. However, there
still are limitations about their utilization in the nuclear industry, mainly because of
chemistry changes in the polymer structure caused by ionizing radiation [3].
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Despite of the previous data, polymer compounds based on epoxy resin presented widely
utilizations in the nuclear industry, because their mechanical properties evidence few changes
by ionizing radiation exposure. Therefore, epoxy has been largely used in radioactive and
nuclear applications.

Epoxy compounds are presented as a solution to encapsulate nuclear waste [4], precisely in
th mediate-level waste
inventory [5]. Epoxy has even been recommended to contain wet and organic radioactive
wastes [6]. In the tests proposed by [6], epoxy resins presented better results than Portland
cement (standard material to immobilize radioactive waste) about long-term durability and
strength. Besides that, epoxy is 4x cheaper than Portland cement [5].

Due to the nuclear power plants ageing and life extension management, epoxies have been
largely applied, from pipe coating of the primary cooling system to coupling and repairs in
water emergency storage vessel [7]. It is utilized even for electric cables jacketing [8,9] and
in radioactive sealed sources for medical use [10].

Another utilization of epoxy compounds is in the adhesive joints, as a substitute for
mechanical and welding joints. Studies to verify the influence of ionizing radiation on
mechanical properties of bonded joints were performed, demonstrating good results both to
dry and wet uses [11-13]. In addition, bonded joint use may reduce the workers exposure time
to ionizing radiation, whereas their application time is less than mechanical and welding joint
construction [14].

Moreover, many technological advances, particularly associated with services in different
important areas only became viable with adhesive materials. Applications such as structural
repair, protective layers and recovery of components are rising on offshore, naval and
automotive services [15,16].

2. ADHESIVE JOINTS

2.1. Epoxy Adhesives

Epoxy material has a good corrosion resistance, electrical insulating and the capability to be
applied in aggressive conditions, these are key factors in comparison with welded and bolted
applications [17,18]

The adhesive used in this work (PolyAnchor 4100 HT) was provided by Polinova Ltd. This
polymer is a two-part toughened epoxy resin consisting of part A (diglycidyl ether of
bisphenol A (DGEBA)) and part B (hardener). This system mix ratio to the part B was 3:1 in
volume. This material has an elevated adhesion and is proper to join metallic and non-
metallic components. In pipe systems, this polymer can be applied as a primer to level the
corroded metallic surface. In pipeline supports, the adhesive can be used in place of the
welded joints.

A study about the temperature influence on the behavior of DGEBA (bisphenol A diglycidyl
ether) adhesive [19]. The thermal influence was verified with a differential scanning
calorimetry, DSC F3-MAIA Netzsch®, from room temperature to 500ºC at a heating rate of
10ºC min-1 under nitrogen atmosphere. Fig. 1 displays the equipment used to thermal study.
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Figure 1: DSC F3-MAIA Netzsch®.

2.2. Single Lap Joints

The mechanical and chemical attributes of adhesive and adhered material are responsible for
the adhesive strength in bonded joint [20]. The surface treatment is the main parameter
related to the bonded joint performance, thus a complete removal of dirt that promote an
irregular interfacial layer between adhesive and substrate is needed [21]. Fig. 2 presents a
single lap joint sample. Authors studied the effects of UV irradiation on tensile strength and
surface morphology of epoxy composites [22].

Figure 2. Single lap joint specimen geometry.
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2.3. Tensile Tests

Mechanical tensile tests were performed using a Shimadzu® AG-X universal testing machine
according ASTM D1002-10 [23]. Fig. 3 displays the tensile test and Fig. 4 presents the
sample after the tensile test. The specimens were exposed to a degradation environment
surrounded by ultraviolet (UV) rays for 6 months and 2 days. The degradation apparatus had
a filtered xenon lamp (cut off >290 nm), intensity (340 nm) 0.3 W/m2/nm and a temperature
between 40 and 50°C. Five samples were tested at a given condition (plain and degraded).

Figure 3. Tensile test. Figure 4. Sample after tensile test.

3. RESULTS AND DISCUSSION

3.1. DSC test result of PolyAnchor 4100 HT

Fig. 5 presents the differential scanning Analysis of PolyAnchor 4100 HT. According to Fig.
5 it can be seen a glass transition temperature ( ) of melting temperature at
and oxidation temperature at . The standards of composite repair such as ASME PPC-
2 [24] and ISO TS24817 [25] advises the maximum service temperature as . Fig. 6
displays the differential scanning Analysis of PolyAnchor 4100 HT after UV degradation.
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Figure 5: DSC analysis of PolyAnchor 4100 HT [19].

Figure 6: DSC analysis of PolyAnchor 4100 HT [19].

From Fig. 6 it can be observed a glass transition temperature ( ) of melting
temperature at and oxidation temperature at . Comparing to non-degraded
adhesive an increase in the glass transition temperature of 12.7ºC is calculated. A significant
decrease in the melting point, 62.7ºC is reported and oxidation temperature remains similar.
Since the degradation scheme slowly heat the joints, it will contribute to increase mobility of
polymer molecules. The standards of composite repair such as ASME PPC-2 [24] and ISO
TS24817 [25] advises the maximum service temperature as .
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3.2. Tensile Tests results

The force-displacement curves for plain and degraded adhesive joint bonded with
PolyAnchor 4100 HT epoxy system are presented in Fig. 7. Additional tensile results are
shown in Table 1. It is clear from Table 1 that maximum strength was UV exposure
dependent, A decrease of  in the maximum tensile strength was observed when test
specimens were exposed to UV radiation. The force-displacement curves are smooth until a
brutal failure. The irradiated surface of composite was damaged by UV starting cracks. The
degradation effect on epoxy adhesive is also indicated by a surface discoloration [26].

Table 1:  Maximum load and maximum stress of adhesive bonded joint (avg.  st. dev)

Single Lap Joint Maximum
Load (kN)

Maximum
Stress (MPa)

Plain 10.99  0.81 17.04   1.26

Degraded 9.54  0.74 14.78  1.15

Figure 7. Tensile test result.
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4. CONCLUSIONS

In this work, the performance of plain and degraded adhesive joint bonded with diglycidil
ether of bisphenol A (DGEBA) epoxy system was analyzed. The ultraviolet influences the
performance of the joint decreasing the tensile strength of PolyAnchor HT. It was shown that
despite the environment influence with the UV incidence the adhesive joint still preserves it
is mechanical properties, less than 15% decrease in the maximum stress, contributing for
outdoor applications. With results presented in this paper and the characteristics of the
PolyAnchor 4100 HT as easy application make it a great material for nuclear industry uses in
order to reduce workers exposure time to ionizing radiation.
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