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Abstract: In this study Polyvinyacetate, PVAC was used as adhesive material to join two overlapped plattes of PVC. The effect on 

the variation in the preparation conditions of the samples such as temperatures and pressure were investigated. The strength of the 

samples joints was tested in shear by using a 2kN MTS tensile machine equipped with a video-extensometer.  
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Introduction 

An adhesive may be defined as a material which when applied to surfaces of material can join them together and resist separation. 

As a mean of joining materials adhesives have been used by mankind for many centuries. However, it is only in the last 60 years 

that the science and technology of adhesion and adhesives has really progressed. The main reason for this is that the adhesives 

employed in nearly all the technically demanding applications are based upon synthetic polymers [1-5]. Such materials possess the 

balance of properties that enables them to adhere readily to other materials and to have an adequate strength so that they are capable 

of transmitting the applied loads or forces from one substrate to the other.  

Adhesives are used to locate one adherend relative to another in such a way that a load can be transmitted from one member to the 

other. Besides being strong enough, the joint must be sufficiently durable to resist the environmental stresses to which it is subjected 

during its life time. For a given glue-adherend system, its strength depends on, the way in which stresses develop around the joint, 

the cleanliness and smoothness of the adherend surfaces, and the way in which the glue wet them [6-8].  

In many of recent adhesives research and development effort [9-20], adhesives come in many forms as structural adhesives, 

automotive adhesives, plastic adhesives, foam adhesives and wood adhesives. The increasing applications of fiber-reinforced organic 

composites as structural components in weight-critical, high technology areas like the aerospace and marine industries have placed 

greater demands on polymeric structural adhesive systems [21].The use of adhesives in technically demanding applications has 

provided the spur for the research and development of new, improved materials and identified the need for, and supported, studies 

on the more fundamental aspects of the underlying science [22-26]. The wide range of synthetic polymers and ancillary products 

such as hardeners, stabilizers, toughening additives which become available over the last few decades, has enabled the adhesives 

technologist to develop specific adhesive formulations to meet the manufacturing and performance requirements of very diverse 

applications for both industrial and domestic applications. Adhesives are currently employed in industrial applications of all kinds 

and applications illustrated reveal that adhesives are used in some of the most critical areas in engineering structures and in some of 

the most demanding environments, and that they have a good history of meeting the performance and service-life requirements.  

The adhesion of  polyvinylchloride has been the subject of much recent research [27-31]. Because PVC has a wide range of 

applications including domestic and industrial pipes, cable conduit tubes, packaging and consumer goods applications, such as bottles 

and caps, films, toys, and footwear [32]. it is also regarded as second behind polyethylene with respect to worldwide polymer 

consumption. 

Polyvinyl acetals acquire a unique combination of many properties as, adhesion to a wide variety of surfaces, chemical and solvent 

resistance to high extent in particular when crosslinked, good electrical properties, heat stability, film clarity, and physical toughness. 

It is extremely flexible, has a low glass transition temperature (35 C), is used as a binder in alumina processing [33-34]. 

The task of this work is to investigate the role of polyvinyacetate as adhesive material in binding two parallel plates of PVC. In this 

work different samples will be prepared under different conditions and additives and the strength of the joints will be tested in shear. 

 

Experimental section 

Materials and preparation 

Polyvinylacetate was used in this study as adhesive material to join parallel plates of PVC. The dimensions of the PVC plates were 

50x5x2 mm and the plates were overlapped in a distance of 20 mm except same samples had 40 mm lap joints length. 

Polyvinylacetate was prepared as a semi liquid in tetrahydrofuran solvent at 60°C for about 1 hour. Followed by placing a thin film 

of the adhesives as sandwich in between plate-plate PVC at a surface area of 20x5 mm of the plates. Then the samples are positioned 

in the press mould at temperatures, pressures and times were different from one another. Some samples were prepared by the addition 

of textile fiber and sand to the adhesive in around 5% by weight.  

Measurements 

Testing the joint strength in a shear is the most popular is the most popular method of testing. This  test of shear stress was performed 

in this work for the lap joints samples at room temperature using a 2kN MTS tensile machine equipped with a video-extensometer 
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so that the elongation could be measured directly in the gauge area. The sample to be tested is clamped in the instrument from two 

ends, then  the stretching load is applied parallel to the plane of separation in such a way as to tend to make the adherents slide over 

the jointed faces until the joint is broken. The applied load against time and elongation were recorded.  

 

Results and Discussions 

Since the interaction of the molecules of the adhesives with the surface of the adherend is of fundamental importance. The 

temperature plays an important role in the joining of the plates with adhesive as shown in Figure 1. The effect of temperature is clear 

in Figure 1 where both of the maximum applied load and the energy required to fracture the joints increase as the temperature 

increases in the range from 30°C up to 50 °C . That because the chain segment mobility increases with temperature as a result, the 

intermolecular diffusion increases and the interfacial binding between adhesive and adherend becomes strong. Since the molecules 

are randomly kinked up to a greater degree due to molecular thermal agitation. The segments of the flexible chain have high mobility 

and rubber possesses, at this stage, the properties of a very viscous liquid impedes movement of the molecules relative to one another 

because the high degree of molecular entanglement. At temperatures in the range from 50 to 70 the energy and load start to decrease 

gradually but higher than 70°C the load and energy decrease and fall by many order of the magnitude as shown in Figure 1. Where 

the energy and load at 50°C are 251N.mm and 301N but at 100°C their values drop to be 74N.mm and 49N, respectively. This 

because at higher temperature the adhesion joints force becomes weak, therefore the rupture stresses decrease. Because high 

temperature evaporates most of the solvent of the adhesives quickly, since the boiling point of tetrahydrofurane around 78°C. And 

these vapors cause voids and cracks throughout the adhesive material in between the plates surface. The presence of cracks or defects 

can lead to localized fracture and hence to rupture the specimen at low stresses.  

 

 

 

 

 

 

 

      

 

 

 

 

 

                           

 

 

 

Figure 1: Maxmium applied load as a function  of temperature. 

 

 

Pressure 

The effect of the pressing is seen in Figure 2. In this Figure the maximum applied load and the required energy to break the lap joints 

of the samples are plotted versus pressure. This Figure shows that the pressure improves the strength of the joints up to a certain 

limit (5 bars). Because the thermodynamic adhesion of the solid-liquid interface is based on the contact angle and the pressure 

enhances the wetness of the adherend with the adhesive. The degree of wetting can be determined from the equilibrium contact 

angle, but equilibrium will not normally be reached as the adhesive will be advancing and probably under pressure during the setting 

process. It might be thought relatively easy to obtain penetration by the pressure. In addition to the pressing eliminate microscopic 

bubbles which is formed from solvent vapor or entering air that giving rise to failure. Moreover pressure distribute homogeneously 

the adhesive material over the adherend surfaces. But at higher pressure (after 5 bars) the load and energy fall from 301 N and 251 

N.mm at 5 bars to 12N and 32N.mm at 20 bars  as shown in Fig.2. This because may be the adhesive material moves out of the 

plates under high pressure. 
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Figure 2: Maxmium applied load and the required energy to break the lap joints as a function of pressure. 

 

Soaking Time 

The maximum applied load and energy are plotted against the soaking time in Fig.3. This Figure shows an increase in both of the 

load and energy with time up to around 24 hours then become independent on the soaking time . Because the diffusion of the 

adhesives in the plates of PVC takes long time under the effect of the temperature and pressure. Since The molecular forces in the 

surface layers of the adhesive and substrate greatly influence the attainment of intimate molecular contact across the interface and 

such molecular forces are now frequently the main mechanism [6] of adhesion, and this called the adsorption theory of adhesion. 

Therefore, the adherend force increases by time up to 24 hours after that it becomes constant , may be because the surface of the 

plates becomes full saturated with the diffusion of the glue at these conditions of the preparation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Maxmium applied load and the required energy to break the lap joints as a function 

Conclusion  

 Overlapped plattes of PVC were joined in this study by using Polyvinyacetate and THF over 20 mm distance. The paramters of the 

preparation conditions were studied. The strength of the lap joints of the samples were tested in shear by using a 2kN MTS tensile 

machine equipped with a video-extensometer. The results showed that, The increase in the temperature, pressure soaking time lead 

to increase in the adhesion force to certain extent and the optimum temperature, pressure and soaking time of the glue are 50°C, 5 

bars and 24 hours, respectively.  
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