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Graphical abstract 
 

 

Abstract 
 

A gas turbine combustor liner experienced visible surface damages during its normal 

operation of 8000 hours. Small amplitudes of vibration during the operation contributed to 

a surface degradation, mainly wear. A chromium-carbide based hard coating was 

deposited via plasma spray technique on the outer surface of a combustor liner of a gas 

turbine engine. It was found that after the operation, the coating hardness had increased 

more than 30% compared to its minimum initial hardness and reached up to 744 HV 

particularly in the crossfire tube collar mating areas. Comparison between the coated and 

the uncoated liners were carried out in order to show how much the wear scars have been 

minimized throughout the operation under severe temperature of approximately 1, 500°C. 

It was found that in this study the coating of chromium-carbide is capable to reduce the 

wear damage due to the work hardening effect of the liner and their mating surfaces.   
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1.0  INTRODUCTION 
 

Material surface modification generally consists 

modifying the surface-structure, either mechanically, 

chemically or both with additional treatment or 

modifications by the deposition of a protective layer 

by utilizing good feedstock with desired properties 

onto a substrate [1,2]. With attractive mechanical 

properties like hardness and toughness [3], a product 

like gas turbines can last under severe condition and 

environment due to the improved surface, thus 

reducing their high operational cost [1,4].  

A gas turbine is an internal combustion engine that 

operates with rotary rather than reciprocating motion. 

During normal operations of a gas turbine, the 

combustion chamber will experience high 

temperatures, thus releasing acoustic fluctuations, with 

small amplitude of vibration [1].  This continuous 

vibration will cause excessive wear at the mating 

surfaces of the combustion liner. Figure 1 shows a 

typical combustor liner in a gas turbine that drives an 

electric generator. The exploded view of the 

combustor liner showed all main connecting 

components, namely; a fuel nozzle, a flow sleeve, 

across the fire tube and a transition piece [5]. 

In this work, the combustor liner is made of a Ni-

based material and is connected to different types of 

connecting materials, such as stainless steel (fuel 

nozzle collar and crossfire tube collar) and plain 

carbon steel (liner stop) [6]. These different types of 

materials have caused severe wear damages, 

particularly on the softer materials [7]. The necessary 

improvement of the contacting surface material can 

be carried out by applying chromium-carbide based 

hard coating [8, 9].  

Commercial chromium-carbide coating is one of 

the promising candidates due to its high wear resistant 

performance [10, 11] and suitable for high 

temperature applications [12, 13]. Castillejo et. al had 

revealed that chromium-carbide based hard coating 

is successfully applied in high temperature as wear 

resistant material [14]. 
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Figure 1 Exploded view of a combustor liner and its connecting components [6] 

 

 

2.0  EXPERIMENTAL  PROCEDURES 
 

The initial coating powder of Cr3C2 25(Ni 20Cr) also 

known as chromium-carbide as shown in Table 2 was 

applied via plasma spray technique. The Ni gave 

better corrosion resistant whereas Cr content 

produced both corrosion and wear resistance of the 

applied coatings [15]. The chromium-carbide based 

hard coating was applied using air plasma spray 

technique due to its suitability application on turbine 

engine components [16]. The detailed parameter 

used during the deposition is given in Table 1. 

 

2.1  Operating Conditions.  

 

The deposited chromium-carbide was applied on the 

gas turbine combustor liner. Both coated and 

uncoated combustor liners were exposed to the 

actual conditions of combustor for 8000 hours at 1500 

°C with a pressure of approximately 25 bar. All four 

crucial mating components of the combustion liner 

were characterized by using an optical microscope. 

 

 
Table 1 Parameter of chromium-carbide deposition [5, 17] 

 
Parameter  Value  

Chemical composition of powder [wt.%] Cr (balance), Ni (18.75), C (9.75), other (2.25) 

Ampere [A] 500 

Voltage [V] 63~67 

Spray rate [lb/hr] 3.2 

Max temperature [°C] 200 

Spray distance  [cm] 7.5~10.0 

Turn table speed [rpm] 40 

Gun angle [°] 90 

Coating thickness [µm] 7.5~15.0 

No of cycle - 

 

 

3.0  RESULTS AND DISCUSSION 

 
3.1  Visual Observations 

 

Referring to Table 2, the figures show that minimal 

damages have been occurred on the Cr-C coated 

surfaces compared to the bare ones. With similar 

operating parameter and exposure period, the 

improvement made by the Cr-C based hard coating 

is significant.  
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Table 2 Visual observations on coated and uncoated combustor liner mating surfaces after 8, 000 hours operation 

 

Mating surface Uncoated Coated 

Fuel nozzle collar 

  

Liner stop 

  

Cross 

fire tube collar 

  

 

 

3.2  Micrograph Analysis 

 

Selective tear of the coating layer shown in Figure 3 

below revealed that an adhesive wear had 

occurred. Different contrasts along with dark patches 

were found visible on the contacting areas. These 

findings are in agreement with the failure of the 

adhesive bond symptoms that occurred between 

similar contact interfaces [6, 18]. The worn surfaces of 

hard coating showed the materials had re-

transferred either from or onto the contacting 

surfaces. 
 

 

 
 

Figure 2 Micrographs of each mating surfaces after 8, 000 hours operation (a) fuel nozzle collar, (b) liner stop, and (c) crossfire 

tube collar 

 

 

3.3  Hardness Profile 

 

Figure 3 shows the hardness trend of the coated 

surfaces before and after the operation. It was noted 

that all coated components had greatly improved 

the hardness particularly the cross fire tube collar 

after 8000 of operating hours. Chromium-carbide has 

the ability to keep the high hardness property even 

being exposed to high temperature [19] which 

means that it retains its strength at high temperatures 

(a) (b) (c) 
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very well. These properties make useful as an additive 

to metal alloys. When chromium carbide crystals are 

integrated into the surface of a metal it improves the 

wear resistance of the metal, and maintains these 

properties at elevated temperatures. The refractory-

based coating has the property that upon wearing 

at high temperatures, it suffers a serious work 

hardening in its deformed sliding surface [20]. This 

work hardening forms a hard layer under the sliding 

surface, and this hard layer prevents further 

deformation and further abrasion.  
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Figure 3 Hardness profile before and after 8, 000 operating hours exposures 

 

 

4.0  CONCLUSION 
  

Based on the mechanical appearance and analysis, 

adhesive wear is noted as one of the main damage 

mechanisms that occurred on the Cr-C coated 

mating surfaces of combustor liner. Chromium-

carbide improved the wear resistance of the metal, 

and maintains these properties at elevated 

temperatures, in which it suffers serious work 

hardening in its deformed sliding surface. Hence, this 

forms a hard layer under the sliding surface and 

prevents further deformation and further abrasion. 
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