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In the modern era, glasses play a vital role in the fabrication of utensils, optoelectronic material 
and laboratory instrument. The chemical inertness and high-temperature stability of glass make 
it a suitable candidate for various applications. Borosilicate glasses are the class of glasses which 
has been widely known for higher chemical durability, easy formability and for their resistance 
to heat [Araujo,1980 and 1983; Bouras et al., 2009; Varshneya,1994; Tomsia.A.P, (1993)]. The 
fabrication of entire structure made up of glass is not possible and the structure must be 
connected to other metal and alloy [Dobedoe, 1997]. The use of an adhesive for joining glass 
with metal is an appropriate solution which is valid only for low-temperature applications. 
Therefore, the joining of glass to metal for high-temperature application is an important issue 
because of the difference in their structures (glass consists of amorphous structure whereas 
metal consists of polycrystalline structure) as shown in Figure 2.1 (a) and Figure 2.1 (b). 
 

 

The difference in amorphous and crystalline nature of both glass and metal makes their joining 
difficult. Glass exhibits brittle behavior whereas metal showing ductile behavior as shown 
in Figure 2.2.  
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In spite of having the difference in their structural and mechanical properties, the difference in 
their coefficient of thermal expansion is also an important consideration which decides the 
selection of joint geometry.  The matched glass-metal joint is used where the coefficient of 
thermal expansion of both glass and metal is similar. Compression joint is selected where there 
is a significant difference in coefficient of thermal expansion.
During glass to metal joining process, glass is melted over the pre-oxidized metal surface where 
glass reacts with an oxide formed after the pre-oxidation process and forms the bond [Donald 
et al., 2011]. The bonding of SiO2, takes place with metal M whose surface is coated with an 
oxide MO as shown in Figure 2.3(a-c). The metal substrate is presumed to be saturated with O 
and hence in chemical equilibrium with surface oxide. 
 

 

This in turn is in equilibrium with glass, to produce a local saturation with metal oxide and 
represented by some M ions in –SiO- sequence. During the joining process, glass is allowed to 
melt over the metal surface where glass cools with a faster rate as compared to metal because of 
the supercooling properties of glass. During the cooling process, metal induce stresses on to the 
glass because of the difference in their coefficient of thermal expansion. In order to make the 
glass-metal joint of superior quality and to achieve lifetime behavior following requirements 
must be met. 

 Optimum oxide layer thickness must exist at the interface of glass-metal joint 
[Trajanowski and Zakraysek, 1979] 

 The glass should be able to wet and adhere to the metal [Shand and Armistead, 
1958] 

 The linear expansion of the glass must match closely to that of the metal over a wide 
range of temperature [Shand and Armistead, 1958] 

 The metal should have no thermal critical points (allotropic transformations) within 
the range of the highest temperatures reached in glass-metal joining process and the 
lowest temperature reached in service [Shand and Armistead, 1958] 

 The glass should neither re-boil when heated for making the seal, nor should the 
metal give off gases[Shand and Armistead, 1958] 
 

Based on the coefficient of thermal expansion glass-metal joint, the classification of glass-metal 
joints is shown in Figure 2.4. Matched type glass-metal joints have similar or nearly matched 
thermal expansion coefficient for glass and metal components whereas an unmatched glass-
metal joint has a significantly different coefficient of thermal expansion for both glass and metal 
components. 
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Figure 2.4: Classifications of Glass-metal joints [Jacobs,2007 and Chhibber, 2014] 

 
Matched joints are subdivided depending on the coefficient of thermal expansion of the glass. 
Hard glasses and soft glasses are classified on the basis of their coefficient of thermal expansion 
(i.e. Hard glasses have coefficient of thermal expansion is in range 0.5-5.9 x 10-6/℃ whereas soft 
glasses have coefficient of thermal expansion in the range 6-10.5 x 10-6).  
Unmatched types of glass-metal joints can be subdivided into compression and ductile joints as 
shown in Figure 2.4. Housekeeper joint is the best example of the ductile joint. A common 
example of a Housekeeper joint is a joint between glass and copper. Copper due to its high 
ductility is used in housekeeper joint though there is a mismatch in the CTE of copper and 
glass. The compression joints can be further divided into matched and reinforced compression 
joints. In the compression joint, the compressive force is generated by the metal envelope on the 
inner glass containment, the metal used in comparison of the selected glass has considerably 
higher coefficient of thermal expansion. Reinforced compression joints have a design where a 
metal pin with the low coefficient of thermal expansion is surrounded by glass having a higher 
coefficient of thermal expansion and that is further enveloped by a metal containment with the 
even higher coefficient of thermal expansion. The reinforced compression joints are further 
subdivided into hard and soft depending on the type of the glass being used for fabrication of 
glass-metal joint.  In the case of a matched joint, the joining is a result of a good chemical 
bonding at the glass/metal interface between the glass and metal oxide [Jacobs, 2007]. Matching 
metal pin and glass (CTE) joint are the category of joint where joints can be made of metals, 
ceramics and glasses having similar coefficient of thermal expansion (The example of matched 
metal pin and glass (CTE) is Electric feed-through) . In these cases, metal ring is placed outside 
and glass is filled inside the metal ring. In compression joints, the joint strength is due to the 
formation of a mechanical bond due to a compressive hoop stress between outer metal and the 
inner glass portion of the glass-metal joint [Chhibber,2014]. 

 

The selection of glass-metal joining process is very important for the development of a glass-
metal joint. The glass-metal joining requires localized heating of glass just at the interface where 
it is joined with other metal. In general glass-metal joining techniques are fastening, liquid 
phase and solid phase joining [Jacobs, 2007; Elrefaeya.A et al.2014; Malfait. W et al.2016]. 
Fastening is a technique in which fasteners such as screw and nails are used. The use of fastener 
joins almost any shape or material economically. Adhesive bonding is a type of liquid phase 
joining where two materials are joined by using an adhesive. The two materials are joined by 
surface tension force of adhesive in the pores and valleys of two materials. This is the very easy 
technique to join two materials but is limited up to lower temperature range. Solid phase 
joining between two materials takes place through diffusion process at an elevated temperature 
during which one material diffuses over the surface of other material. The glass-metal joint of 
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cylindrical shape is fabricated using glass blowing technique. In glass blowing operation, glass 
is melted over the metal specimen and heated locally with the help of flame torch, which 
contains the mixture of acetylene and oxygen gas. However, the manufacturing of glass-metal 
joint is not satisfactory using glass blowing lathe operation because of less control in process 
parameters and higher skilled level of operator is required. The use of high frequency induction 
furnace for fabricating glass-metal joint is therefore an option for researchers and has been 
already used in the past  [Lei et al., 2012] .   
    

 The historical development in the area glass-metal joining is shown in Table. 2.1 
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The glass-metal joint has been used for various coating applications [Majumdar and Jana 
2001; Minghui et al., 2013(a) and (b); Wenbo.L et al., 2013]. The thermal barrier coating protects 
Ni-based alloys from high operating temperatures using magnesium and Zinc aluminosilicate 
glass-ceramic [Datta and Das, 2005]. Beside this, glass/ceramic-metal based coating has been 
used to protect Ti and Ti-based alloy for biomedical applications [Pavon(a,b), 2006; Pavon, et al 
2005;  Pavon, J et al.2006 ] as shown in Figure 2.5. 
 

 

Glass/ceramic to metal joining has been used for electric feed through, sensor, vacuum 
valve, and microwave component. The use of an alkali boroalluminosilicate glass with Kovar 
alloy has been used for the designing of MEMS (Micro-electronic Mechanical system) packaging 
[Chern and Tsaiv, 2007]. 
 

The use of glass-metal joining is increasing day-by-day for the development of solid 
oxide fuel cell. The use of various austenitic, Ni alloy and ferritic stainless steel has been 
implemented for the joining of various  (BaO-Al2O3-SiO2 ) with the addition of various oxides 
such as B2O3, MgO, Na2O and TiO2 [Donald et al., 2011]. 
  

Glass-metal joint for parabolic trough receiver tube has been reported by Lei et al. [Lei et 
al., 2011]. The parabolic trough receiver tube is the key component of parabolic trough receiver 
based concentrated solar power plant. The use of Kodial glass and Kovar alloy glass-metal joint 
combination has been used for the development of PTRT’s [Lei et al., 2010; Lei et al., 2012] 
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The selection of glass-metal joint combinations purely depends on the application and the 
requirement. The availability, material cost, coefficient of thermal expansion and thermal 
stability at elevated temperature are the main factors while selecting the glass-metal joint 
combination. Some early studies on glass-metal joining have reported the use of the glass-metal 
joint for various industrial applications as summarized in Table 2.2. 
 

– –

–

–

–

 
Based on the literature listed in Table 2.2, it has been concluded that the Fe based alloy, Ni-
based alloy, and copper has been used for joining with various glass and ceramic. 

Fe based alloys cover thermal expansion range of <3×10-6/K. In the presence of Ni 
alloys, this thermal expansion range reaches >18×10-6 for Fe-Ni based alloys. During the 
fabrication of glass-metal joint, there is diffusion of Fe2+ ions that act as glass modifier and are 
highly soluble and mobile.. The solubility and mobility of Fe2+ ions in glass can lead to the 
formation of diffusion gradient and is responsible for the corresponding variation in thermal 
expansion within the interface.  
 

Ni-based alloys cover more limited thermal expansion range of <12×10-6/K 
for hastealloys B2 to <16×10-6 for Inconel [Donald et al., 2011]. The variety of Ni-based 
superalloys have been joined to lithium zinc, silicate-based glass ceramic. 
 

Melting temperature of copper is approximately 1080 °C and the bonding of copper with 
glass takes place at 960 °C. Pre-oxidation of copper is not required during the bonding of glass 
with metal. Due to the oxidation, distortion of copper occurs. 
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In the process of glass-metal joining the glass wets the surface of the metal substrate, 
where it reacts with oxide present at the surface of the metal and forms the bond. Wettability 
can be defined as the tendency of a liquid to spread on the solid surface and is measured in 
terms of contact angle. Whereas, the extent or degree to which something is spreading is termed 
as spreadability. Whenever any liquid drop rests on the flat solid horizontal surface then the 
angle formed by the intersection of the liquid-solid interface and the liquid-vapor interface is 
called contact angle [Cheng et al., 2013]. From young’s equation, 
cos θ = (ɣsv - ɣsl)/ ɣlv                       (1) 
Where θ = contact angle 
ɣsv = Solid/vapor interfacial energy 
ɣsl = Solid/liquid interfacial energy 
ɣlv  = liquid/vapor interfacial energy 
The low value of contact angle (θ) is desirable as interface energy between molten glass and 
solid surface is low. Wettability of glass over the metal surface is measured in terms of contact 
angle (θ). The higher value of contact angle leads to lower wettability as shown in Figure 2.6 (c) 
and Figure 2.6 (a). The contact angle close to 0°, as droplet turns into flat puddle shows good 
wetting as shown in Figure 2.6(d).  
 

 

Image capturing system, drop size measurements are the common techniques which have been 
used in the past for contact angle measurement. The factors affecting wettability of glass over 
the metal surface are the surface roughness, pre-oxidation of metal and types of oxide formed 
on the metal surface. 
 

The wetting phenomenon over the plane surface and rough surface is shown in Figure 
2.7 (a) and Figure 2.7 (b). The wettability of a material over the surface of material is affected by 
surface roughness. 
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The wettability studies conducted on much popular material like aluminum, titanium steel 
revealed that wettability of material over metal substrate depends on thermophysical properties 
(eg: density, surface tension ),as well as on surface roughness [Kubiak et al., 2009]. The surface 
roughness study on wetting behavior was conducted to understand the wetting behavior of 
Eutectic Sn-Pb and pure Sn-Cu solder alloy on the copper substrate with different surface finish 
Viz., highly polished surface, medium polished surface, and unpolished surface with surface 
roughness range Ra(µm) [0.038-0.178]. The spreading behavior of molten liquid was high at 
lower surface roughness value Ra(0.038) as compared to higher surface roughness value 
Ra(0.178)  [Nalagtla, 2007]. 

The bonding of glass to metal was because of the presence of an intermediate layer of 
oxide. The oxide layer on the surface of the metal was achieved through pre-oxidation of the 
metal specimen in a controlled environment. Also, the wetting and spreading behavior of 
silicate glasses over pre-oxidized Kovar alloy was much better than without pre-oxidation of 
Kovar [Cheng,H et al., 2013]. The wetting and spreading behavior of glass sealant over metal 
specimen increases as the pre-oxidation temperature increase [Luo and Shen, 2008]. The 
experimental result of this investigation indicates that pre-oxidation of Kovar alloy for about 10 
min at 700 °C provides better adherence of glass with Kovar [Luo and Shen, 2008]. 
 

The oxide layer formed after pre-oxidation of metal is very important for the 
development of strong and vacuum-tight glass-metal joint. The low oxide layer thickness 
results in poor bond formation whereas higher oxide layer thickness causes the metal surface 
degradation and stress corrosion cracking on the metal surface [Trajanowski and Zakraysek, 
1979]. The oxide layer thickness formed on the metal surface was measured in term of oxide 
layer mass gain and oxide layer thickness. The optimum oxide layer mass gain for joining the 
borosilicate glass to the Fe-Ni-Co alloy was in the range of 5.9-8.3×10-4 g/cm2 [Waraporn et al., 
2009]. The oxide layer mass gain was measured by measuring the change in weight before and 
after pre-oxidation divided by the surface area. The oxide layer mass gain (4.635×10-4 – 19.93×10-

4 g/cm2) also increased as oxide layer thickness increased (52-163 μm) as studied by [Cheng, et 
al., 2013]. The oxide layer mass gain and oxide layer thickness after pre-oxidation increases as 
pre-oxidation time and pre-oxidation temperature increase as reported by [Lei et al., 2010]. 
 

The types of oxide phases formed on the surface of the metal specimen after pre-
oxidation depends upon the pre-oxidation time and pre-oxidation temperature. The common 
types of oxides formed on the surface of metal specimen depend upon Fe/O (Ratio)[ Waraporn 
et al., 2006]. In general, wustite (Fe1-xO), magnetite (Fe3O4) and hematite (α-Fe2O3) types of 
phases were present after pre-oxidation of Fe based alloy [Luo and Shen 2008]. Wustite (FeO) 
has a defective halite structure, with anion sites occupied by O2− and most cation sites occupied 
by divalent Fe2+ ions. Cubic close-packed (CCP) array of O2− stacked along the [111] direction is 
shown in Figure 2.8 (a). Magnetite (Fe3O4) has an inverse spinel structure containing both 
divalent and trivalent iron ions. The distribution of its cation is written as (Fe3+) [Fe3+ Fe2+] O4, 
where the parentheses denote the tetrahedral sites and the square brackets denote the 
octahedral sites as shown in Figure 2.8 (b). The crystal system of hematite (α-Fe2O3) is a 
rhombohedral structure as shown in Figure2.8 (c). A study was performed on Kovar alloy and it 
was concluded that there are three kinds of iron oxides formed on the Kovar surface when it is 
oxidized at high temperature, which are FeO, Fe3O4, and Fe2O3 sequentially from internal to the 
external surface. 
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FeO and Fe3O4 oxide phases were considered to be the best oxide formed on the surface of the 
metal specimen as compared to because of their stable structure as compared to Fe2O3 oxide. 
[Luo and Shen,2008]. 
 

The design of glass-metal joint is important from the aspect of reliability and the quality of joint. 
The glass-metal joint cracks generally at the interface of joint because of the difference in their 
coefficient of thermal expansion. The selection of glass-metal joint geometry depends upon the 
coefficient of thermal expansion. Matched type joint design is used where there is a negligible 
difference in their coefficient of thermal expansion as shown in Figure 2.9 (a). The difference in 
coefficient of thermal expansion is not recommended for matched glass-metal joint design. The 
problem of difference in coefficient expansion can be solved using unmatched glass-metal joint 
(Compression joint design) as shown in Figure 2.9 (b) as reported by [Adam,1954]. The 
compression glass-metal joint was used where the housing material’s coefficient of thermal 
expansion was greater than that of glass.  
 

 

The direction of different stresses developed in compression glass metal joint is as shown in 
Figure 2.10(a-d). During the fabrication process, the metal housing expands during heating as 
shown in Figure 2.10 (e) and contracts upon solidification which generates favorable 
homogeneous compressive radial stress on the glass at the interface as shown in Figure 
2.10(e). These compressive stresses generated in glass-metal joint interface made this joint to 
withstand high pressure, physical stress, and thermal shock as compared to matched joint. The 
glass endures maximum stresses in compression than in tensile loading. 
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The strength and adhesion of metal with glass depends upon the selection of glass sealant 
during the joining of glass with metal. The wettability and strength of compression glass-metal 
joint depends upon the various factors such as glass sealant selection, metal ring thickness, 
residual stress generation, thermal cycling and interfacial reaction between glass and metal 
substrates.  

The main criteria of selecting glass sealant are glass transition temperature Tg and coefficient of 
thermal expansion. Glass sealant wettability must be as high as possible because higher 
wettability confirms superior bonding of sealant with the metal substrate. Glass sealant must 
show adequate viscosity behaviour to enable joining by softening. The higher viscosity of the 
glass sealant would reduce wettability and lower viscosity would cause in sealant to flow out. 
The glass sealant transition temperature and softening temperature are the parameters which 
predict the flow of glass sealant. The (Tg) glass transition temperature and (Ts) softening 
temperature of glass sealant depends upon the chemical composition of glass sealant. The 
following requirements must be met before designing compression glass-metal joint. 

 The glass transition temperature Tg and crystallization temperature Tc of glass sealant 
must be less than those of borosilicate glass tube otherwise glass tube will melt before 
borosilicate glass tube. 

 The density of glass sealant must be as high as possible. 
 The percentage weight loss with respect to temperature must be as low as possible. Low 

percentage weight loss is responsible for the higher stability of glass sealant. 
 The spreading behaviour of glass sealant over metal specimen must be higher whereas 

contact angle formed by glass sealant must be as low as possible because low value of 
contact angle confirms higher wettability. 

 The thermal conductivity of glass sealant should be lower. The higher thermal 
conductivity of glass sealant would transfer maximum heat to the glass tube.  
 

The various glass sealant compositions along with their glass transition temperature are shown 
in Table 2.3. 
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The various types of glass sealant which have been used in glass-metal joining application are 
given in Table 2.4. 
 

Glass code Composition (mass %) Reference 
Li2

O 
Na2

O 
K2O Mg

O 
CaO BaO ZnO B2O3 Al2

O3 
SiO2 P2

O5 
Other 

 - 6-14 - - 22-
26 

- - - 4-9 50-58 -  [Brow and 
Watkins, 1987] 

 

- - - - 15.9 - - 43.8 28.
9 

- -  [Sharma et al., 
2004] 

- - - - 40.5 - - 30.1 29.
4 

- -  [Donald et al., 
2011] 

- - - - - 43.9 - 26.6 9.7 - - 19.8S
ro 

[Sharma,  et al., 
2004] 

- 17.0 - 4.0 5.0 - - - 1.0 73 -  [Sharma,  et al., 
2004] 

- 7.8 5.2 - - 6.3 - - 2.6 78.1 -  [Sharma,  et al., 
2004] 

8.8
8 

5.42 - - - - 24.0
5 

5.0 - 53.70 2.9
5 

 [Donald et al., 
2011] 

12.
65 

- 2.95 - - - 1.85 1.2 3.6 74.4 3.1
5 

 [Donald et al., 
2011] 

 24.5 - - 24.5 - - - - 45 6  [Donald et al., 
2011] 

13.
4 

- 2.9 - - - 2.0 1.1 3.7 74.1 2.8  [Donald et al., 
2011] 

 12.
6 

- 4.9 - - - - 3.2 5.1 71.7 2.5  Ley et al., 1996 
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Most of the glass sealant contains SiO2 and B2O3 as main glass constituent. Studies 
carried by researchers [Tian,Y. et al., 1996] on glasses have shown that the ratio of SiO2/B2O3 is 
the dominant factor to tailor the glass transition temperature and viscosity of glass sealant. 
Glass sealants with lower SiO2/B2O3 ratio exhibit lower glass transition temperature Tg. The 
formation of boron oxygen triangle by B2O3 deteriorates the strength of basic tetrahedral Si-O 
glass network which causes the decrease in the viscosity and wettability of glass sealant over 
the metal substrate. Moreover, the effect of the ratio of SiO2 to B2O3 on the glass properties was 
explored by [Jean-Barnerd Bouche,(2009)] and have shown that as the SiO2 to B2O3 ratio in the 
glass increased from 4.18 to 5.77, the thermal expansion coefficient decreases from 4.95×10−6/ ℃ 
to 4.55×10−6/℃. The increase in coefficient of thermal expansion decreases the glass transition 
temperature Tg.  
 

Other than SiO2/B2O3 ratio, several other additives are also available which are used to 
tailor the properties of glass sealant. However, the choice of additive not only affects just one 
property but simultaneously affects the other properties also. The effects of various glass 
constituents on the glass sealant are listed in Table 2.5. 
 

 

 
   

The addition of Al2O3 in glass system improves fluxing and improves joining behavior 
but on the other hand, the excess addition of Al2O3 in glass system decreases the coefficient of 
thermal expansion and promotes the formation of crystallization phase. The decrease in the 
coefficient of thermal expansion of glass sealant results in an increase in the glass transition 
temperature and the decrease of wettability over metal. 

 

The constituent of glass sealants play important role on their properties during the designing of 
glass sealant composition. The constituent with their effects on the properties of glass sealant 
listed in Table.2.5. However, the full understanding of the relation between each glass 
constituent and its significant properties is difficult to achieve. The statistical design of 
experiments approach has been used by [Taguchi, 1987] in order to obtain the effect of 
individual glass sealant constituent on its output response by using sets of significant factors. 
The statistical design of experiments for the development of glass sealant for Solid Oxide Fuel 
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Cell (SOFC) has been studied by some researchers [Jean, 2009]. During experimentation, the 
chemical composition of SiO2, BaO and CaO were varied while taking Al2O3 as 2.5 wt%. The full 
factorial model was implemented on these three independent parameters on at least (23+1) = 9 
compositions, of the glass. The range of glass sealant constituents was selected on the basis of a 
phase diagram of three component system.  

  
The residual stresses are the stresses which remain in the material without the application of 
external force. These stresses are inevitable in the glass-metal joint as a result of the difference in 
coefficient of thermal expansion of glass and metal, when it gets cooled down from the joining 
temperature to the room temperature. These stresses result in the decrease of the joint strength 
and reliability of glass-metal joint. Other than the coefficient of thermal expansion, the intensity 
of residual stress also depends upon the design geometry, the thickness of metal ring as well as 
the thickness of glass tube [Dongqiang et al., 2007; Hull and Burger 1934]. A study conducted 
on glass-metal joint used in parabolic trough receiver tube by [Dongqiang et al.,2007] reported 
that the most detrimental stresses developed in glass-metal joint are axial stresses which act 
near the joint interface on the outer surface of the glass tube . The study also concluded that the 
thickness of metal ring should be as thin as possible. The joint strength of glass metal joint 
increases as thickness of glass tube increases. In another study reported by [Shekoofa et al., 
2014] the best shape of the metal cross-section is trapezoidal which leads to lower level of 
residual stress at the interface of the glass-metal joint. The residual stresses generated inside the 
glass tube was measured with the help of photo-elastic technique reported by [Aden.H et 
al.,2008].  

 
The bonding in glass-metal joint depends upon the interface characteristics. The interfacial 
reaction between the diffusing metallic species and the glass constituent including the 
nucleating agent employed for specific glass ceramic system must be avoided [Donald, 2007 
and McMillan, 1979]. During the joining of glass containing P2O5 with metal, the undesirable 
reaction between metallic alloy Fe or Cr with P2O5 glass system leads to the formation of iron 
and / or chromium phosphate precipitation at the interface 
. 
22(Cr/Fe) + 3P2O5 –6(Cr/Fe)2 P+5(Cr/Fe)2O3 
 
9(Cr/Fe) + P2O5 - 2(Cr/Fe)2 P+5(Cr/Fe)O 
 

Structural integrity assessment (SIA) of glass-metal joining is an evaluation and an investigation 
of integrity and worthiness of joint. The glass-metal joint is subjected to different cyclic loading 
condition during in service operation over the period of time. In case of glass-metal joint for 
parabolic trough receiver tube application, the joint is subjected to thermal cycling conditions of   
heating during day and cooling at night. This cyclic heating and cooling of plant leads to the 
formation of residual stress in the glass-metal interface. The generated residual stresses in the 
joint interface crack the glass tube at the interface which decreases the level of vacuum inside 
the tube and also its performance [Shekoofa et al., 2014]. Other than parabolic trough receiver 
tube all electronic feed though and glass-metal sealing components are also subjected to thermal 
cycling condition and the performance of the component is affected over the period of time. 
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In order to attain hermitic glass-metal joint the residual stresses generated after the 
thermal cycling must be as low as possible and must be compressive in nature [Lei et al., 2010]. 
During the heating of glass-metal joint assembly both glass and metal expands according to 
their coefficient of thermal expansion and starts contracting during cooling. As glass is super 
cooled liquid which cools faster than metal so metal starts producing stress in glass and breaks 
the glass, if stress is exceeded above the endurance limit of glass. In case of parabolic trough 
receiver tube, entire tube subjected under the sun is heated during day time and cools during 
night time. This heating and cooling of tube during day and night service in operation produce 
stresses at the interface and cracking of glass tube at joint interface occurs. The cracking of glass 
tube leads to the loss of vacuum in the tube and as a result of vacuum loss the thermal efficiency 
of tube decreases during service. 
 

Corrosion on the surface of metal appear due to environmental conditions (temperature 
and humidity), over the period of time [Greiner and Stoch, 1996]. The chemical reaction 
between glasses and environmental oxide causes the deteriorations of material or object 
[Camuffo, 1992].  
 

 
 

 
In many applications, glass-metal joint is used, and the presence of environmental conditions 
deteriorates the quality of the glass-metal joint. The mechanism of corrosion of glass such as 
glass crystallization was discussed by [Hench, 1975] and glass corrosion is primarily a result of 
hydrolysis and leaching [Colomban,2008)]. The process of corrosion starts first from the metal 
side and then it moves to the interface of glass-metal, where it decreases the bonding strength at 
the interface of joint. To study the surface change on glass sensor, an artificial corrosion process 
was induced by selecting various corrosive agents such as hydrochloric acid, sulfuric acid, 
water and formaldehyde. The graphical scheme of inducing corrosion in glass-metal joint of 
glass sensor is shown in Figure 2.11. In induced corrosion process, specimen was kept in room 
temperature for 7 days and then at 40°C for next 7 days. The specimen was then subjected to 
steam bath and again kept at room temperature for next 7 days and again at 40°C for next 7 
days after steam bath. The cycle was repeated 9 times to induce corrosion on glass/metal joint 
assembly.   
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The aim of present work was to study the glass-metal joint for the parabolic trough receiver 
tube (PTRT) as shown in Figure 2.12(a). The performance of concentrated solar power plant is 
directly influenced by the working of parabolic trough receiver tube as reported by Henry Price 
et al and V.K.Jebasingh et al [Jebasingh and  Joseli 2016; Price et al. 2006]. The PTRT covers 20% 
of the total cost of any solar thermal power plant [Price and Kearney 1999]. 
  

In the survey of 9 solar thermal power plants in the USA, the failure rate of PTRT was about 30-
40% over the time period of 9 to 11 years of operation [Lei et al., 2010]. The failure of these 
PTRTs takes place chiefly because of thermal stresses at the glass-metal interface which causes 
loss of vacuum, degradation of solar selective coating and fracture of glass tube, as shown in 
Figure 2.12 (b). In power plants, all the receiver tubes are joined in series to form a loop and the 
cost of replacement of the damaged glass tube is around 1000 USD. For replacing a single 
broken tube, the complete loop needs to be shut down, which affects the cost and efficiency of 
the entire power plant [Mahoney,2000;  Lei et al., 2010]. The enlarged view of the damaged tube 
at the glass-metal joint interface is shown in Figure 2.12 (c). 
PTRTs comprise of a central metal pipe coated with solar selective coating surrounded by glass 
tube as shown in Figure 2.13. The two ends of the glass tube are joined with metal ring and are 
further connected to the metal bellow to accommodate expansion arising during in-service 
operation. The space between the glass tube and metal pipe is evacuated to around 10-3 mbar 
vacuum level [Lei, D et al.2010]. The vacuum enclosure between metal pipe and glass tube helps 
to reduce heat loss and protect the surface of metal pipe from oxidation at higher operating 
temperature. 
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.  

In the glass-metal joining of glass and metal, glass is melted over the metal surface and reacts to 
form an interface. The bonding of glass with metal mainly depends upon the type of oxides 
present in the metal surface after pre-oxidation. The oxides formed on metal surface after pre-
oxidation acts as bonding agent at the interface between the glass and the metal. The properties 
and types of oxides formed at the interface affect the bonding of the glass with the metal. Other 
than oxide phase formed after pre-oxidation, the role of residual stresses in glass tube is, 
therefore, an important issue. The intensity of residual stresses generated depends upon the 
thickness of metal ring. The decrease in metal ring thickness reduces the intensity of residual 
stresses [Lei et al.2010]. The thermal expansion mismatch between glass and metal is another 
important factor for the development of the glass-metal joint. Compression joint geometry is 
used where there is large difference in coefficient of thermal expansion that appears between 
glass and metal. The assessment of structural integrity of any component is an evolution and 
investigation of any component for its safe and reliable operation over the period of time. 
During the investigation, the component was subjected to various known loading conditions 
and its behavior was examined. The examination of structural integrity assessments of the 
glass-metal joint is, therefore, an important and critical issue. The PTRT was subjected to 
environmental condition during day and night time, which causes PTRT to withstand thermal 
cycling condition results in the degradation of glass-metal joint over the period of time. 
 

This chapter reviews the importance of glass-metal joining. The requirements for achieving a 
glass-metal joint of superior quality have been described. The classification of glass-metal joints 
and the use of different processes for joining have been detailed. The historical development of 
glass-metal joint and its various applications have been summarized. The fabrication and 
design issues accompanying the development of glass-metal joint have been explained. The 
specific literature reviews shows the research being carried out for the development of glass-
metal joint for the parabolic trough receiver tube applications. 

 
 
 


