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 Fe-33Ni-19Cr alloy was undergo a cyclic oxidation test at 700°C for 150 

cycles.  Cyclic oxidation test is a basic approach of characterization of 

oxidation resistant materials to predict service lifetime of components and 

to assist materials selection. The as-received alloy was experienced a 

series of surface preparation using SiC paper until P600 grit surface finish. 

The purpose of grinding process is to provide a groove effect to initiate 

the formation of oxide scales. The oxide phases analysis and oxide scales 

morphology of oxidized samples was examined using X-ray Diffraction 

and Scanning Electron Microscope. The oxide scales formed on the 

samples surface composes of several phases mainly of Cr-Ti, Mn-Cr and 

Cr-rich oxides. The oxide scale morphology formed on the alloy surface 

was uniform and continuous oxide. 

 
1. Introduction 

Fe-33Ni-19Cr alloy is a Ni-based alloy 

commercially used for high temperature 

applications as construction materials. For that 

reason, the oxidation behavior of alloy has been 

extensively studied. Because of nickel oxide 

grows relatively fast, alloying element are 

normally added to improve its high temperature 

oxidation and corrosion resistance, as well as 

mechanical properties. The element contains on 

the alloy is purposely added to give the up-most 

benefit to the alloy system in high temperature 

condition. Sufficient amount of each element 

will provide protection against high 

temperature oxidation by forming compact, 

continuous slow growing oxides and 

thermodynamically stable compounds [1-4]. 

Fe-33Ni-19Cr alloy usually used as a 

component in construction material in power 

generation and thermal processing application 

such as heat exchanger and heat treating furnace 

where the equipment normally function as 

repeating start-up and shut down cycles. In 

addition, certain component would undergo 

long service times that require a material which 

may sustain high temperature service condition. 

Consequently, the cyclic oxidation testing 

would give great understanding in the materials 

behavior during high temperature service and 

different operational condition.  

Cyclic operation and extended time service 

resulting difference in thermal stress between 

metal and its oxide which results in oxide 

spalling. Prolonged oxidation and spalling will 

result in increased metal losses and decreased in 

thickness of the metal sheet. To mitigate oxide 

spallation, researchers has found that surface 

modification, thermomechanical treatment and 

grain refinement would give superior effect on 

oxidation rate. Surface modification and 

thermomechanical treatment had been 

comprehensively investigated by other 

researchers on Fe-Ni-Cr alloy system. Hänsel et 

al. [5] studies the oxidation and carburization of 

3 different composition of Fe-Ni-Cr alloy 

exposed under thermal cycling conditions at 

temperatures of 650ºC, 700ºC and 750ºC. The 

research finding shows that thermal cycling 

would result in repetitive spallation of the oxide 

scales which initiated the reduction of 

chromium content in the metal surface. Besides, 

the important factors in the alloy non-reaction 

to the working environment are the temperature 

and surface treatment. The rougher surface 

develop a more resistant to scale spallation.  

Considering that high temperature cyclic 

oxidation is an important cause of damage to 
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Ni-based alloy, this study aimed at evaluating 

the effect of surface preparation on the cyclic 

oxidation resistance of an Fe-33Ni-19Cr alloy. 

 

2. Experimental Procedure 

The Fe-33Ni-19Cr alloy used in this study 

was commercial Alloy 800H (UNS N08810), 

with measured chemical composition (in wt%): 

32.5 Ni, 18.9 Cr, 0.08 C, 0.053 Al, 0.49 Ti, 0.32 

Si, 0.56 Mn, 0.01 P, 0.08 Cu and balance Fe. A 

test sample was cubical coupons with nominal 

dimensions of 10 x 10 x 3 mm. The cut sample 

were ground to P600 grit surface finish, cleaned 

with acetone and the dimension of the sample 

was measured. All samples were weight before 

and after the oxidation experiment to measure 

the weight changes using Metler AT400 

analytical balance with sensitivity of 0.1 mg. 

The cyclic oxidation tests were investigated by 

means of discontinuous testing at 700°C up to 

150 cycles. All the samples were subjected to a 

short oxidation period at working temperature 

for one hour and then the furnace was moved 

away from the hot zone position for 20 minutes 

for the sample to cool down to about 200°C. 

These cycles were repeated until 150 cycles for 

each oxidation test. For examination of oxide 

scales formation, the samples underwent 

discontinuous cyclic oxidation at 25, 50, 75, 

100, 125 and 150 cycles. The weight change 

after each exposure cycle was recorded. The 

oxide phases and surface morphology analysis 

of oxidized samples was characterized by X-ray 

Diffraction (XRD), Scanning Electron 

Microscopy (SEM) and Energy Dispersive X-

Ray Spectroscopy (EDX). 

 

3. Results and Discussion 

 

3.1 Phase Analysis of Oxidized Fe-33Ni-19Cr 

Alloy 

The phase analysis of oxide scales formed 

on the alloy surface of oxidized samples after 

150 cycles has been examined using XRD 

technique. The most intense peaks correspond 

to the base alloy austenite phase due to the thin 

oxide layer formed at the alloy surface. The 

main oxide detected was Cr-rich which indicate 

the formation of Cr2O3, Cr1.3Fe0.7O3 and 

(Cr0.88Ti0.12)2O3 oxides phases. The Ti-rich 

oxide also detected correspond to TiO2 and 

(Ti0.97Cr0.03)O2 oxides phases. The 

formation of Cr-Ti and Ti-rich oxides are 

believed to reduce the Cr volatilization effect of 

Cr2O3 oxide. On the other hand, the formation 

of Mn-Cr spinel oxide are also said to reduce 

the Cr activity, hence mitigate the oxide 

exfoliation [4]. Other than MnCr2O4 oxide, 

other spinel oxide phases detected are 

MnFe2O4, FeCr2O4, NiCr2O4 and NiFe2O4.  

The formation of Fe-rich oxide is also 

observed on the XRD spectrum, which consists 

of hematite (Fe2O3) and magnetite (Fe3O4) 

phases. The formation of hematite is believed to 

improve the oxide bonding between the 

underneath layer spinel oxide due to the similar 

CTE volume in between hematite and spinel. 

However, it is recommended to reduce the 

formation of magnetite due to the large CTE 

volume between magnetite and other oxide 

phases, such as hematite, spinel, Cr oxide and 

also the base metal [6]. 

 

3.2 Surface Morphology Of Oxidized Fe-

33Ni-19Cr Alloy 

Oxide scales morphology of oxidized Fe-

33Ni-19Cr alloy after 50 cycles is shown in 

Figure 1.  Figure 1 (a) shows low magnification 

SEM image (1000x), exhibited uniform oxide 

layer formed on the alloy surface with visible of 

scratch mark from surface preparation process 

prior the cyclic oxidation test. The main 

purpose of the surface preparation up to P600 

grit finish is to provide a groove surface to 

initiate the initial oxide scales formation, hence 

further developed the continuous oxide scales 

on the entire alloy surface. The groove surface 

results from the grinding process cause the alloy 

surface experienced a cold working effect on 

the subsurface regions which assists the 

diffusion process form bulk metal of metal ion 

and oxygen ion from the atmosphere. The close-

up image (Figure 1 (b)) displayed an oxide 

scales formed on the groove surface. The 

groove effect still can be seen due to the 

formation of thin oxide scales after 50 cycles of 

cyclic oxidation test. Figure 1 (c) shows the 

high magnification SEM image (10,000x), 

displayed a continuous oxide scales formed on 

the alloy surface. An elemental EDX analysis 

on Figure 1 (b) revealed an enrichment of 

elements O and Cr with smaller amount of Fe 

and Ni detected with other minor elements such 

as Mn, Ti, Al and Si. This analysis results 

showed that the oxide scale formed on the alloy 

surface composed of mixed oxides phases. 

Figure 2 (a-b) and (c-d) shows SEM image 

of oxidized Fe-33Ni-19Cr alloy after 75 and 

100 cycles, respectively. The image shows that 

the continuous oxide scales was formed on the 

alloy surface. The low magnification SEM 

image at 1000x marks a groove surface effect 

from the surface preparation. Moreover, the 

high magnification of SEM image at 10,000x 

shows a close-up view of oxide scale particle 

which linkage each other to formed protective 

surface oxide scales.  

The grinding effect during surface preparation 

results the cold working effect on the 

subsurface regions of the alloy, contain large 
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numbers of dislocations which assist diffusion. 

Additionally, the alloy regions recrystallize, to 

form small grained structure. The volume of 

grain boundaries is increased which provides 

fast diffusion routes for chromium, which 

allows that metal to diffuse to the alloy surface 

and form a continuous and protective oxide 

layer. The internal precipitation may be 

eliminating due scale formation that prevents 

the access of gas to the metal. Even though the 

scale spalls, it forms rapidly by the relatively 

rapid diffusion of chromium across the grain 

boundaries to the surface [5]. This mechanism 

cannot be achieved in the alloys which had been 

chemically etched, because of the removal of 

the surface regions which had been 

mechanically damaged. This fact was 

generating the idea of ground surface alloy prior 

the oxidation test, without etching [7]. On the 

other hand, the ground surface sample was 

developing a micro scratch that provides a base 

structure for oxide nucleation. Primarily, the 

sample surface was ground to a 600 grit finish 

to enhance the suitable surface roughness. 

 

(a) 

 

(b) 

 

(c) 

 

 

Figure 1: SEM image of oxidized Fe-33Ni-

19Cr alloy after 50 cycles.  

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

 

Figure 2: SEM image of oxidized Fe-33Ni-

19Cr alloy after (a-b) 75 cycles; (c-d) 100 

cycles. 

 

Figure 3 shows a SEM image of oxidized 

Fe-33Ni-19Cr alloy after 150 cycles. The low 

magnification (1000x) SEM images of Figure 3 

(a) displayed a continuous oxide scales with 

evidence of overgrown oxide particles 

distributed along the alloy surface. This 

phenomenon remarks the formation of thick 

oxide scales due to the rapid diffusion of metal 

ion. Whereas, Figure 3 (b) shows the close-up 

image of oxide particles which formed a 

protective oxide layer. No evidence of oxide 

spallation was examined from 50 cycles to 150 

cycles exposure, indicated that the surface 

preparations prior the cyclic oxidation test was 

contributed to the rapid formation of initial 

oxide scales to developed a continuous 

protective oxide layer that encapsulated the 

alloy. An elemental EDX analysis on the 

overgrown oxide particles at area A was 

enriched of elements O and Cr with traces 
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amount of elements Mn and Ti. Whereas, the 

EDX analysis on the matrix area at B, indicated 

high amount of elements O and Cr, with slightly 

high Fe and Ni content and minor presence of 

other alloying element. This analysis 

demonstrated that the overgrown oxide 

particles composed of Cr-rich oxide mainly 

consists of Cr2O3, MnCr2O3 and/or 

(Cr0.08Ti0.12)2O3. Whereas, the matrix area 

composed of Cr-rich, Fe and Ni based oxide 

consists of Cr2O3, Cr1.3Fe0.7O3, FeCr2O4, 

NiCr2O4 and/or NiFe2O4.  

 

(a) 

 

(b) 

 

 

Figure 3: SEM image of oxidized Fe-33Ni-

19Cr alloy after 150 cycles. 

 

4. Conclusion 

In this paper, the formation of oxide scales 

on the Fe-33Ni-19Cr alloy surface after several 

cycles was study. Several oxide phases was 

formed composed of Cr-rich, Fe-rich and spinel 

oxides structure. Oxidation exposure at 150 

cycles developed the protective Cr oxide with 

overgrown oxide particles.  
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