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Abstract. There are three stages of gas turbine blade in hot gas path (turbine section) of power generation gas turbine. 
Occurrences of wear and crack were observed on gas turbine blades in this section. The blades are made of nickel 
base superalloy (GTD 111). Crack generally occurred at airfoil area of the blades while wear generally occurred at 
root area of the blades. The purpose of this study is to determine the degradation of two stages blades in the turbine 
section after being exposed to 24,000 running hours. The affected areas of the mating surfaces were analyzed through 
visual and microstructure testings and the type of degradation was discussed.  

1 Introduction  
Nickel base superalloys are widely used in applications 
exposed to high temperature and vibration such as hot gas 
path components in power generation gas turbine. 
Turbine blade is one of critical components in the turbine 
system. This component experienced temperature of 
1000 °C in the gas turbine [1]. Wear and crack are the 
main problems of gas turbine blade [2]. The component 
experienced surface and materials degradation after 
24,000 hours in service. Based on previous investigation 
of wear and crack on gas turbine blades, most blades 
suffer severe operation conditions characterized by the 
following factors: operation environment (high 
temperature) and mechanical action (relative movement 
between and forces between blade root and its supporters) 
[2].  

In normal practice, the turbine blades are subjected to 
heavy repair processes thus increasing the cost of the 
refurbishment [3]. Detail analyses of wear and cracks on 
the components related to hardness, microstructure 
characteristics and wear mechanisms, and wear 
measurement have been considered to predict the wear 
characteristics of the components. Naeem et al had 
revealed through visual and metallurgical analysis, the 
surface of blades were very rough and experience crack 
and diversely colored (erosion wear) [4].  

Detailed analysis is very crucial as it cannot be relied 
only to visual observation and measurement, but deep 
understanding in damage mechanisms, and wear 
microstructures in order to evaluate the severity of wear 
and crack. To date, there are many study conducted on 
gas turbine blades based on their design life of 72,000 
hours. Bernstein had revealed that for gas turbine hot 
section components, wear and crack are most important 
for turbine hardware at their design life [5]. Karganejad et 
al had revealed the root of the blade is not exposed to hot 

combustion gasses; hence temperature in this section is 
much lower than the blade airfoil so the blade root is 
considered as cold section (reference zone) [6]. This 
study focuses on the degradation of gas turbine blades, 
which have been taken out at the earlier than their design 
life, which is at 24,000 hours for visual and 
microstructure evaluation.  

2 Starting materials  
The turbine blades that were under evaluation were taken 
from a 97MW gas turbine. Figure 1 and 2 show the 
location of airfoil and root on gas turbine first stage and 
second stage. These areas were selected due to 
occurrence of wear and crack based on findings by 
Karganejad et al. [6]. 

 
Figure 1. First Stage Blade 

 

 

 

Airfoil  Root  
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Figure 2. Second Stage Blade 

3 Visual observation and microstructure 
The visual observation was carried out after the 

blades had been operating 24,000 hours of operation. The 
turbine blades are made of a nickel base GTD 111 [11]. 
The chemical composition result for the turbine blades is 
shown in Table 1. These results are the average from 3 
points in turbine blades. The table also includes the 
standard chemical-composition data for GTD 111. 

 
. 

 
 

Table 1. Chemical composition of GTD 111 turbine blade 

Element Cr Ni Co Fe W Ta Ti Mo Zr Al 
GTD 111 14.22 61.05 9.68 0.85 4.42 3.12 4.32 1.72 0.10 0.00 

The microstructures of the turbine blades were 
recorded before and after its removal from the gas turbine.  

4 Result and discussion 

4.1 Visual observation 

Visual observation was performed on first stage 
nozzle and second stage nozzle. Table 2 shows the visual 
and microstructure of gas turbine blades after 24,000 
hours operation. 

 

Table 2. Visual observation and microstructures of gas turbine blades 

Components  Visual observation Microstructure 

 
First stage blade 
Operating time:  
~ 24,000 hours 

Temperature : 1000°C 
 

10 cm

Coating diverse colour was observed at 
blade airfoil surface. Occurrence of 
wear was observed at root area. No 
evidence of wear was found on the 

airfoil surface.

3 cm

The first stage bucket was cut into small 
pieces for detail analysis.

Airfoil
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Components  Visual observation Microstructure 

Second stage blade 
Operating time:  

~ 24,000 
Temperature : 1000°C 10 cm

The airfoil surface shows erosive mode. 
The occurrence of brownish colour was 
observed at certain areas at the airfoil 

surface. Occurrence of wear was 
observed at root area.

3 cm

The second stage bucket was cut into small 
pieces for detail analysis.

 
Generally, the blades are physically in good condition 

with no evidence of crack, oxidation or foreign object 
damage at the airfoil area. Vishwanathan revealed that the 
exposure to high temperature produced significant 
symptom that can initiate crack [2]. The occurrence of 
wear was observed at root area. Materials loss with the 
evidence of discolored arising was observed on these 
areas. Only little wear debris was retained on the surfaces 
[8, 9]. At these stages of damage, re-application of 
aluminum seal strip coating on the root area and 
application of thermal barrier coating (TBC) on airfoil 
area can protect the blades by affecting wear and crack 
mitigation [10].   

4.2 Microstructure examination 

Hyun In Kim et al revealed that when the gas turbine 
blades is used at high temperature for a long time, base 
material become damage and heat treatment has been 
applied of the elimanitation of cavities and cracks. [11]. 
Similar result had been revealed by Vardar et al, the crack 
initiated from the grain boundaries and propagated to the 
critical length. [12]. From this study, the morphology of 
the microstructures of gas turbine first stage and second 
stage blades are similar for nickel based alloy. The 
microstructure show fine γ and γ- γ’ eutectic form in the 
matrix and coarse random cubic or script morphology 
MC carbide in mainly distribute in the matrix. No creep 
void and degradation were observed. Current practices of 
maintaining the microstructure to meet blade’s design life 
of 72,000 hours, thermal barrier coating on was applied 
on the blades to make them last longer when operating at 
high temperature [13].   

5 Conclusion  

 
Based on microstructure analysis that has been 

performed, no observation of crack and degraded 
microstructure on the samples. If the turbine blades were 
decided to be re-installing into gas turbine, based on 
microstructure analysis, the blades are recommended to 
be in service for next 24,000 hours operating time.  

Based on the wear mode that has been observed on 
the components, the main wear mechanism on the turbine 
blades is fretting wear.  
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