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Abstract: Nowadays many different systems use elements that are constructed from 
different materials. There are various solutions for joining different kinds of materials into 
one part. Whether we are talking about mechanical or adhesive bonding, both types of 
joints have their advantages and disadvantages. In certain cases, preference is given to the 
adhesive bonding. It is primarily from the inability of constructing a mechanical connection, 
or the possibility of cracking due to the technical nature of the mechanical joints. Such case 
occurred when a ceramic cylinder was needed to be connected to the metal spindle. This 
paper presents determination of the strength of the glued joint for three different adhesives, 
and for the specific type of joint. Tested adhesives were of chemical type; modified acrylic 
ester, and two component epoxy adhesive. Tests were performed by measuring the largest 
tensile load that the joint can withstand without loosening or fracture.
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1. Introduction
	 Components made from different types of materials are increasingly used today 
when making various assemblies. This is especially common in assemblies and 
constructions where steel parts are used, all in order to reduce the overall mass. On 
the other hand, different materials have different properties and when combined 
together they make parts of the assemblies that possess the best properties of 
each material component separately. The problem with the construction and 
fabrication of such parts is an adequate connection between different materials. 
So far a mechanical connection has been commonly used, however, depending on 
the type of load and the design of the circuit itself, mechanical joints may be a weak 
spot [1-2]. At the same time, often it is not possible to carry out the mechanical 
connection between different components due to mechanical nature of the joint. 
The advancement of bonding technology and making more reliable adhesives has 
led to the more frequent use of adhesives, in order to provide the reliable and 
adequate bonds between different materials in various assemblies [3-6].
	 In this specific case, during production, there was a part of the assembly that 
uses horizontally mounted cylinders and pistons. Within those cylinders, the steel 
pistons compress a chemically relatively aggressive medium. Existing steel pistons 
had a relatively short service life due to the presence of the corrosive agent and 
continuous wear during production. So the idea was to change material used for 
pistons, and it was decided to go with Al2O3 ceramics. The specific characteristics of 
Al2O3 ceramics have shown that this would be an adequate material for the existing 
problem. However, the imposed problem was how to connect the ceramic piston 
with a rod that was supposed to stay out of steel. Due to the narrow space, and the 
possibility of crack formation over time, it was not possible to perform a classical 
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mechanical connection between the parts. For this 
reason, it was decided to carry out the connection 
by using adhesives as a bonding agent. From 
existing commercially available adhesives, three of 
them were selected to test them for this purpose. 
One was one component modified acrylic ester, 
and two of them were two component epoxy 
adhesives. 
	 The second question that came up was how to 
test the strength of the ceramic-steel joint. Testing 
of the adhesive properties is well documented in 
the literature [3-7]. There are a number of testing 
methods depending on the purpose and type 
of load during the exploitation of the bonded 
joints. Due to the specificity of available testing 
equipment and required demands on joints, it was 
decided to carry on a static tensile test on samples 
that were specifically designed for this case.
	 The aim of this study is to determine which of the 
selected adhesives is most suitable for this specific 
use. The results of the study are not to emphasize 
the deficiencies of the tested adhesives, but to 
rather point out the most suitable one for this 
particular case. During testing, it was a goal to 
determine the maximum force which the adhesive 
joint can withstand without loosening or fracture.

2. Experimental Section
	 The strength of the ceramic-steel joint was 
tested using a static tensile test. A tensile testing 
machine with a maximum load of 50 kN was used. 
Various models for testing the adhesive properties 
of glue are available in the literature [3,4,8,9]. Due 
to the specific type of joint, it was concluded that 
conventional testing methods of joints would not 
give the complete information on the strength of 
the presented joint. Therefore, samples were made 
equal to the shape and dimensions of the pieces to 
be used in the assembly during production, Fig. 1.
	 Due to the specific shape of grips on testing 
machine, samples were constructed in such way 
that steel inserts were placed on both sides of 
the ceramic part, Fig. 1 a). Dimensions of the steel 
inserts, Fig. 1 b), that will be joint with the ceramic 
cylinder, were made in the same dimension as the 
connecting rood that which will be later used. 
Doing so, it was possible to conduct two parallel 
tests simultaneously. The steel inserts were made 
from structural steel, while the central ceramic part 
was made out of Al2O3 ceramics. 

	 Three adhesives were selected for testing. All 
three tested adhesives, according to their data 
sheets, show a high strength of joint, ability to fill 
gaps, good performance at elevated temperatures 
and high chemical resistance when fully cured. 
Selected adhesives were:
1. Sample – One component Modified acrylic ester 
LOCTITE 312
2. Sample – Two component epoxy adhesive  Loctite 
Hysol 3430
3. Sample – Two component epoxy adhesive Araldite® 
AV 138M-1 / Hardener HV 998-1
	 All three selected adhesives are for the typical 
purpose of gluing different materials, such as 
metals, glass, and ceramics. Joining of samples and 
curing of adhesive was carried out according to the 
manufacturer's instructions, taking into account 
the thickness of the adhesive layer, curing time and 
the surface preparation. After the minimum time 
required for curing, samples were kept for 6 hours 
at constant ambient temperature prior to the test. 
Samples are placed in tensile testing machine 
grips, Fig. 2, and the load was gradually increased.
	 The test was carried out at a low displacement 
speed of 3 mm/min, since testing speed may affect 

 

 

 
Fig. 1: Dimensions of samples for adhesive tests: a) Mounted parts 

on ceramic cylinder. b) Steel part to be inserted and bonded to the 

ceramic cylinder.

( )a

( )b
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the measurement results [9,10]. The samples were 
stretched up to the point of the first appearance 
of separation between the steel insert and ceramic 
cylinder.

failure of joint in the lower part, Fig. 4 b).

 
Fig. 2: Sample in grips before testing.

3. Risk-based Thinking modeling 
	 After the required time for adhesives curing, 
prescribed by the manufacturer, samples were 
inspected and it was established that the samples 
were ready for further testing, Fig. 3.

 

Fig. 3: (a) Modified acrylic ester LOCTITE 312. (b) Loctite Hysol 3430. 

(c) Araldite® AV 138M-1 / Hardener HV 998-1.

( )a ( )b ( )c

	 From the preliminary examination of the glued 
samples, except in color, there is no significant 
difference between the used adhesives, Fig. 3. 
Samples were subjected to the tensile load, and the 
maximum force was recorded to capture the point 
at which the separation of the glued joint would 
occur. 
	 In the case of modified acrylic ester LOCTITE 312, 
the first separation of glued joint occurred at a 
load of 12.964 N. Separation was first observed on 
the upper part of the sample, Fig. 4 a), followed by 

     

 
Fig. 4: Separation of the glued joint in case of modified acrylic ester. 

(a) Top part of the sample. (b) The bottom part of the sample. (c) 

Inside of the cylinder with still wet glue.

( )a ( )b ( )c

	 Subsequent detailed examination of the joint 
showed that the adhesive was not completely 
cured. This is particularly expressed in the inner 
parts of both ceramic cylinders, Fig. 4c). Since the 
metal inserts were made with close tolerances to 
the ceramic cylinder, it is logical assumption that 
this has been due to poor contact of the adhesive 
with the air. For this reason, curing of adhesive has 
not been completely carried out throughout the 
whole joint, resulting in a poor bonding between 
the ceramic and steel insert. 
	 In the case of two-component epoxy Loctite 
Hysol 3430 adhesive, also came to the separation of 
the ceramic-steel joint. In this case, the separation 
occurred at the load of 31,550 N. Similarly to the first 
case, the separation was first observed in the upper 
part of the sample, followed by the failure in the 
lower part, Fig. 5.

 

  Fig. 5: Detachment of joint in case of Loctite Hysol 3430 (right), and 

chipped off adhesive (left).

	 By subsequent inspection of failure, it was found 
out that in this case curing was finished and it was 
uniform through the whole ceramic-metal joint. 
In this case, it was observed a particular chip that 
braked of the sample, Fig. 5. At first, it seemed 
as it was the thin layer of ceramics that had been 
separated from the cylinder. The closer examination 
showed it to be a part of adhesive that was drawn 
out from the cylinder during the pulling of the steel 
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insert from it.
	 In the case of testing sample bonded with two 
component epoxy adhesive Araldite® AV 138M-
1 / Hardener HV 998-1, the test was carried out in 
the same way as in the previous two cases. There 
was no detachment of ceramics - steel joint during 
testing. The test was conducted up to the point 
when the maximum possible load of 50.000 N was 
reached. In the subsequent detailed examination of 
the ceramics - steel joint it was not observed any 
weakening or failure of the joint. Therefore it was 
concluded that the adhesive used in this case is 
most appropriate for this specific case of joining the 
ceramic with steel.

4. Conclusions
	 Study has shown that there were some differences 
in the strength of the ceramics - steel joints achieved 
with the three tested adhesives. Although all three 
tested adhesives sustained weary high amounts 
of stress, only one showed it can withstand the 
maximum load of 50 kN. 
	 So, from this, we concluded that for this specific 
case for bonding ceramics with steel, the best joint 
was accomplished by using the two-component 
epoxy adhesive Araldite® AV 138M-1 with Hardener 
HV 998-1. This assumption was based on the 
fact that there were non-observable changes in 
ceramics - steel joint during testing.
	 We founded that in the case when there is no 
sufficient contact with the air, as in this type of joint, 
there is a possibility that adhesive will not cure to 
the end, regardless giving it more than enough 
curing time.
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