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A B S T R A C T 

PURPOSE: The aim of the study was to evaluate the shear bond strength of ceramic layered to 

commercially pure Titanium after Tungsten inert gas (TIG) welding. 

MATERIALS AND METHODOLOGY: 60 pre fabricated titanium blocks were taken and were equally 

and randomly allocated in to two groups i.e., TIG welding and control group. The TIG welded group 

samples were ditched on one end in an area of 5mm x 5mm to a depth of 0.5mm for layering the 

compatible welding material using TIG welding technique. Ceramic was veneered onto both the group 

samples using putty mould which was with inner dimensions of 5 x 5x 2mm in area. Universal testing 

machine was used to measure the shear bond strength and the results were statistically analysed. 

RESULTS: The average shear bond strength of ceramic veneered to titanium was 25.3N/mm
2
. Whereas 

for the ceramic veneered to TIG welded group samples was 53.64N/mm
2
. Significant difference was 

found in the bond strength between the TIG welded and control group.  

CONCLUSION: Within the limitation of this study, it was concluded that TIG welding gives a better 

metal-ceramic bond strength. 

 

INTRODUCTION  

The phase which most individuals face is missing 

teeth. The standard of care worldwide for replacement 

of missing teeth is fixed crown and bridges, removable 

partial or complete denture, cast partial denture and 

dental implants.
1
 Titanium is the most commonly used 

base metal alloy for the implant prosthesis. Titanium is 

called as a "miracle material" because of its properties 

of corrosion resistance, shape memory, high strength, 

rigidity, low density and biocompatibility.
2
 Recently, 

ADA has placed titanium alloy between high-noble 

and noble alloys in the revised classification because 

of its excellent biocompatibility. 

The passive fit of a cast metal framework and 

supporting prosthesis is very much necessary for long-

term success of any implant prosthesis, even a slight 

misfit of the prosthesis will lead to a remake of the 

entire prosthesis. In such situations, sectioning of the 

metal framework after casting can be done and re-

assembled by soldering or welding to achieve a 

passive fit and avoid the remake of the prosthesis.
3,4 

Welding is a process carried out by heating the broken 

parts to their melting point and fusing them together 

by application of pressure in cold or heated state. 

Tungsten inert gas welding has gained popularity, as it 

provides a concentrated heating of the workplace, is 

independent of filler material, can be welded in areas 

of difficult access and no slag or spatter is produced 

after the welding.
5
 It can be used in situations as in 

correction of porosities, defective frameworks, 

defective margins of crowns, connector area in crown 

and bridge prosthesis and ill-fitting prosthesis without 

the need for remakes.
6
 

The success of these restorations depends on the 

presence of strong bond between the porcelain and 

metal substructure. The purpose of this In- Vitro study 
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was to investigate the effect of TIG welding on the 

bond strength between welded titanium metal and 

veneering ceramic. 

 

MATERIALS AND METHODOLOGY 
The study was undertaken in the Department of 

Prosthodontics. 60 Type II pre fabricated 

Commercially pure Titanium blocks of 15x5x3mm 

dimensions were used. An acrylic block was made 

with dimensions of 5x5x2mm using acrylic resin and a 

putty index was made of this acrylic block using 

addition silicone material (Dentsply, Aquasil). This 

putty index was used as a guide for layering uniform 

thickness of ceramic of constant dimensions on the 

titanium block.
7
 

These blocks were randomly allocated into two groups 

to avoid bias. 30 blocks in each group. Group A and 

Group B  

Group A - Test group (TIG group) and  

Group B - Control group 

 

TEST GROUP  
A layer of titanium was removed at one side of the 

block in an area of 5x5mm to 0.5mm depth using 

carborundum disk.
8
This area of the test group blocks 

was treated with 250microns alumina followed by 110 

microns through sandblasting under 30 pounds of air 

pressure.
9
On this area, 0.5mm of titanium alloy was 

built up using TUNGSTEN INERT GAS welder 

(Lampert PUK D2) so that the surface was leveled to 

get the original profile. 
10,11,12,13 

 

TUNGSTEN INERT GAS WELDING
 

A cylinder which contains argon gas was attached to 

the Lampert welding control unit and was 

programmed for titanium material with power 45% for 

7 milliseconds. This argon gas controlled the 

temperature for titanium welding. The electrodes were 

internally connected to the control unit and 

microscope. The microscope had a filament nib 

connected, through which the current passed and a clip 

that held on to the titanium block. When this filament 

nib and the clip that held the block came in contact, it 

completed a circuit.
14

 Titanium alloy was held on to 

the titanium block and when the current passed 

through the filament nib, the alloy melted on to the 

0.5mm area where previously a layer of titanium was 

removed. This completed TIG welding process 

followed by ceramic layering.
15 

 

CERAMIC LAYERING
 

The test group and control group surfaces were 

cleaned in an ultrasonic cleaner for 2 minutes to 

remove any remnant alumina particles left over on the 

surface and then treated with 250microns alumina 

followed by 110microns alumina through sandblasting 

under 30 pounds of air pressure.  

Glass ceramic initial was applied as a thin layer in a 

single coat for adhering of ceramic on to titanium 

followed by firing cycle in the ceramic furnace for 

15minutes at 810
0
C.

16
For the TIG welded group,

 

ceramic layering was done at the sandblasted area of 

the block where Tig welding was done initially.
17

 0.3- 

0.5mm of opaque paste was applied as a single coat 

using glass spatula until it masked the underneath 

metal followed by opaque firing cycle in the ceramic 

furnace for 15 minutes at 810
o
C.

7
 After the completion 

of the firing of the opaque layer, 2ml of liquid with 

1.42 gms of dentin powder was dispensed and  was 

applied using a putty index guide for uniform 

thickness  followed by firing cycle for 15 minutes at 

780
0
C.

18
The glaze was applied as a thin coat using 

brush followed by firing in the ceramic furnace for 15 

minutes at a 780
0
C and then it was allowed to cool. 

Group A and Group B samples veneered with the 

ceramic material were mounted on a Universal Testing 

Machine (UTM) with a crosshead speed of 1mm/min 

to test shear bond strength.
19

 Results obtained were 

tabulated and subjected to statistical analysis using 

spss software. 

 

RESULTS 

All the analysis was done using SPSS version16. 

Comparison of mean shear load and strength between 

groups was done using independent sample t test. The 

maximum and minimum shear bond strength of 

ceramic veneered to titanium (CpTi) was found to be 

38.049MPa and  21.09MPa
7 

and the
 
average of it was 

25.53 MPa (Table 1). 

The maximum and minimum shear bond strength of 

ceramic veneered to TIG welded titanium samples was 

70.742MPa and  40.323MPa
11

and the average of it 

was 53.64MPa (Table2). 

Chi square test(p) value showed less than 0.001 NS. 

Statistical analysis revealed  significant difference 

between the two groups (Table 3). After shear testing, 

cohesive mode of failure in veneering materials was 

observed in both the groups. When the SEM images 

were evaluated, the cohesive failures were often 

observed as partially delaminated surfaces revealing 

no clear crack sites.
8,17
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Table 1  Shear Bond Strength of Ceramic Veneered 

To Titanium (CpTi) - Control  Group 

 

Specimen 
C.S.A 

sq.mm 

Shear 

load N 

Shear 

strength 

MPa 

1 24.00 580.0 24.558 

2 24.00 700.0 28.458 

3 24.00 900.0 37.488 

4 24.00 520.0 21.094 

5 24.00 540.0 22.833 

6 24.00 840.0 33.268 

7 24.00 640.0 24.904 

8 24.00 550.0 21.707 

9 24.00 930.0 38.049 

10 24.00 760.0 31.405 

11 24.00 620.0 24.731 

12 24.00 570.0 22.426 

13 24.00 660.0 28.385 

14 24.00 780.0 35.643 

15 24.00 800.0 33.398 

16 24.00 580.0 22.142 

17 24.00 700.0 26.458 

18 24.00 900.0 35.286 

19 24.00 520.0 23.706 

20 24.00 540.0 25.523 

21 24.00 840.0 30.312 

22 24.00 640.0 27.944 

23 24.00 550.0 23.652 

24 24.00 930.0 36.213 

25 24.00 760.0 33.696 

26 24.00 620.0 26.136 

27 24.00 570.0 25.501 

28 24.00 660.0 26.336 

29 24.00 780.0 34.874 

30 24.00 800.0 31.900 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 : Shear Bond Strength of Ceramic Veneered 

to Tig Welded Titanium  (CpTi) - Test Group 

 

Specimen 
C.S.A 

sq.mm 

Shear 

load N 

Shear 

strength 

MPa 

1 24.00 160.1 46.871 

2 24.00 210.1 48.518 

3 24.00 400.1 54.807 

4 24.00 180.1 47.071 

5 24.00 310.1 55.009 

6 24.00 580.1 65.046 

7 24.00 240.1 53.825 

8 24.00 330.1 54.803 

9 24.00 200.1 48.108 

10 24.00 560.1 64.747 

11 24.00 190.1 51.655 

12 24.00 260.1 50.807 

13 24.00 210.1 51.127 

14 24.00 360.1 40.323 

15 24.00 630.1 70.742 

16 24.00 160.1 43.476 

17 24.00 210.1 46.911 

18 24.00 400.1 56.387 

19 24.00 180.1 49.201 

20 24.00 310.1 52.244 

21 24.00 580.1 64.476 

22 24.00 240.1 55.716 

23 24.00 330.1 58.501 

24 24.00 200.1 49.562 

25 24.00 560.1 62.462 

26 24.00 190.1 47.191 

27 24.00 260.1 52.800 

28 24.00 210.1 55.616 

29 24.00 360.1 45.725 

30 24.00 630.1 66.429 
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Table 3: Mean and Standard Deviation of Shear Bond 

Strength of Two Groups 

 

Control  TIG  p-value 

Mean SD Mean SD  

25.53 5.23 53.64 7.38 0.001 NS 

 

Chart 1: Mean Shear Bond Strength of Control and 

Tig Welded Samples. 

 

 
 

DISCUSSION 

The clinical performance of metal–ceramic FPDs is 

usually estimated by the bond  strength tests where the 

adhesion of the specific ceramic to the metal substrate 

is tested. The longevity of any metal ceramic 

restorations depends on reliable bonding between 

metal and ceramic, primarily produced by an oxide 

layer.  

Certain metals like Ti oxidize and easily formvery 

thin, stable passive layer that is self-limiting and 

protects the surface of the metal from further 

oxidation. The evaluation of bond strength between 

the alloy and the ceramic can be done using the shear 

bond test. Shear bond strength test method was used to 

evaluate the ceramic bond strength to titanium because 

of its simplicity, ease of specimen preparation, simple 

test protocol and ability to rank different products 

according to bond strength values.  

The shear bond strength of control group showed less 

bond strength when compared to TIG welded group 

probably due to the oxidation that occurs at the 

interface of metal and porcelain. When working with 

temperatures between 700°C and 800°C, it is possible 

to obtain an unacceptable bond. Values that are close 

to or exceed 900°C promote the formation of a thick 

layer of oxide (TiO2) between the porcelain and the 

metal, making the union unfeasible and decrease the 

strength of the bond.
9 

This study has followed a 

process of TIG welding followed by trimming the 

surface and then sandblasting was performed in order 

to remove the oxide layer formed. Thus reducing the 

influence of the oxide layer formed during welding on 

the bond strength.  

The bond strength and fracture resistance are strictly 

related to the difference of thermal expansion between 

the metal substrate and the porcelain. In order for them 

to be compatible, the difference in the thermal 

expansion coefficient between the materials should be 

equal to or less than 1× 10
-6

/
0
C. Titanium has a 

thermal expansion coefficient of 9.41 × 10× 
-6

/
0
C, in 

the interval of 25–400°C.
9
 The thermal expansion 

coefficient of the porcelain Vita Titanium ceramic 

used in this study according to its manufacturer is 8.2–

8.9 × 10
-6

/°C which is within the range of 

compatibility and is compatible with the bond 

strength. 

The highest shear bond strength seen with ceramic 

veneered to TIG welded titanium group was 

70.7N/mm
2
. TIG welded group showed higher bond 

strength which may be due to the use of a powerful 

heat source (TIG) which increased the size of the 

welded site without reducing the diameter of the 

welded transverse area.
11

 Use of  argon gas with filler 

wire of the same parent metal produced strongest and 

fracture resistant joint.
10

  

In the present study, Pearson Chi-Square test (P) was 

done using the bond strength values. The minimum P 

value count is 0.05 and the present study P value 

showed less than 0.001. This determines that there is 

significant difference between the expected 

frequencies and the observed frequencies.  

Type of ceramic failure was determined by using 

quantitative scanning electron microscope(SEM) and 

failure modes were examined at 150 x magnification. 

Categorization of the failure modes in this study 

demonstrated cohesive failure in ceramic which was 

difficult to quantify visually the presence or absence of 

opaque porcelain due to combined microscopic 

fractures within the opaque layer and porcelain.  

 

CONCLUSION 

According to the results of the study, the metal 

ceramic bond strength of dental porcelain to the 

titanium was influenced by TIG welding since  

significant difference was found between the welded 

and control group. So TIG welding would be a better 

viable option for repairs in implant prosthesis. 
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