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Abstract The present work compares the behaviour of four steels: (T23, T92,

T347HFG, Super304H) in the temperature range 600–750 �C. This study focuses on

the analysis of the oxidation kinetics in terms of mass change, metal loss and

thickness change of the selected materials. In order to understand the differences in

oxidation rates between the selected steels, the impact of chromium and the alloying

elements were considered in this work. The obtained results show that the impact of

alloying elements differs with exposure conditions and importance of the synergy

effect.
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Introduction

Raising environmental awareness is driving the global economy towards the

reduction of CO2 emissions and fuel consumption [1]. The energy sector is

contributing to these goals by increasing power generation efficiency; for

conventional systems this is a strong function of temperature and pressure of

steam entering the steam turbine [2–4]. Higher operational temperatures can cause

serious problems for boiler components due to their effects in reducing component

lifetime. Steam oxidation of high temperature resistant steels has an important

impact on the power plant lifetime and efficiency. Higher operational temperatures

significantly accelerate oxidation processes, which in turn lead to the development

of thick, non-protective oxides especially in low alloyed steels. The important

concern resulting from fast oxide growth is reduction of heat transfer and the pipe

ability to withstand the high steam pressures due to the metal loss [5]. Material

strength at high temperature is the main concern, the creep resistance of steels under

harsh conditions (temperature, stress) limits the maximum application temperature

[6]. Especially, the steels with relatively low Cr addition like T23 or T92 exposed at

high temperatures (590–620 �C). Nevertheless, creep strength of those steels is

considerably higher than that for T22 and T91 respectively due to addition of Nb, V

and substitution of Mo for W [7].

Finally, the stresses generated during the oxide growth and high temperature

exposure changes the scale morphology and leads to exfoliation and finally

materials failures [8]. Therefore, understanding the steam oxidation processes and

factors influencing them is crucial for improvement of power plant efficiency [9].

Currently research for the power plant components concentrates on understanding

the steam oxidation behaviour of the materials which can withstand steam

temperature up to 650, 700 and 760 �C for European COST-522, European Thermie

and US Department of Energy’s Vision 21 programmes respectively, therefore those

materials have to exhibit good creep rapture strength and oxidation resistance [1].

Three groups of the materials are considered as the prospective candidates for the

ultra supercritical (USC) boiler tubing [8–10]:

• Ferritic steels;

• Austenitic steels;

• Nickel –based steels.

The materials are characterised by different conductivity, temperature, steam

oxidation behaviour, and creep resistance [11–14]. These properties have significant

impact on their performance in steam conditions [9].

The last decade has brought the extensive research and development of the high-

strength ferritic steels [15], which have good mechanical and physical properties

and significantly reduce cost of the power plant construction [2]. The two ferritic

steels which are successfully applied for boilers components in existing power

plants are T23 (7CrWMoVNb9-6) and T92 (X10CrWMoVNb9-2), therefore steam

oxidation of these two steels is analysed and compared. Steam oxidation of T23 and
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T92 steels at low temperature is well documented in the literature therefore

particular research aims to investigate their performance under significantly higher

conditions.

Austenitic steels are commonly used for the final superheater (SH) tubing due to

their good oxidation resistance [16]. In particular research two types of 18 wt% Cr

austenitic steels are tested—T347HFG (X6CrNiNb18-10) and Super 304H

(X5CrNi18-10), both steels are already used in the final stages of the SH in coal-

fired plants [17, 18].

This article aims to investigate and compare high temperature steam oxidation

behaviour of ferritic and austenitic steels as well as study the differences within

these two groups. Furthermore the selection of the tested conditions allows

investigation and understanding of the oxidation behaviour of ferritic steels above

their standard operational conditions. The main emphasis is placed on the analysis

of the possibilities for extending the use of the 9 % Cr steels above 600 �C and

comparison of its performance with T23 and more temperature resistant T347HFG

and Super 304H.

Experimental Procedures

In this work T23, T92 ferritic, ferritic/martensitic steels and austenitic: T347HFG,

Super 304H materials were used. The samples were machined (15 mm 9 15 mm),

with thicknesses differing with the steel type as following: 5, 6, 4 and 8 (mm) for

T23, T92, T347HFG and Super 304H respectively. The shape of the samples used in

the study is presented in Fig. 1. The chemical composition (wt%) of the studied

steels is presented in Table 1. Prior to the exposure the samples were ground to a

UK 600 grit surface finish and cleaned in an ultrasonic bath firstly in volasil and

secondly in isopropanol at 30 �C for 10 min in order to remove grease and other

impurities. Steam oxidation tests at elevated temperatures were carried out in a

horizontal furnace, using an alumina lined steel reaction vessel. The specimens were

placed inside the tube, additionally due to expected spallation of the scale formed,

10 mm10 mm

Fig. 1 Specimen before exposure
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were put into crucibles. Moreover; use of crucibles ensures the proper mass change

readings, at relatively low temperature in particular, when the austenitic steels

indicated low mass gain.

Steam oxidation test facility is shown in Fig. 2 steam is generated by pumping

water from a reservoir into the furnace. Then it passes over the crucibles with

samples and flows into a condenser before the water returns to the reservoir, the

water is double de-ionised. Before starting the test, the system is sealed and

thoroughly purged using ‘oxygen free nitrogen’ (OFN). This purge continues

through the water reservoir throughout the samples exposure period to minimise the

level of oxygen in the system. Specimens mass change was monitor discontinu-

ously, after each 250 h, the corroded samples were weighted using the analytical

scale. In this regard the furnace was cooled down to room temperature in high purity

nitrogen atmosphere, when temperature was reached specimens were unloaded and

weighted. Afterwards the crucibles were placed back in the chamber and the furnace

was heated up to the exposure temperature firstly in nitrogen to 100 �C, then up to

temperature of interest in 100 % steam. To ensure the isothermal character of the

tests conducted, during the whole 1000 h temperature inside the alumina tube have

Table 1 Chemical composition (wt%) of the tested steels obtain with EDX

Steel grade C Fe Cr Ni Mo W Si Mn N

T23 0.06 Bal 2.25 – 1 1.5 0.2 0.45 –

T92 0.13 Bal 9 0.4 1 1.87 2 0.6 –

T347HFG 0.1 Bal 18 9 – – 0.6 1.6 –

Super304H 0.1 Bal 18 10 – – 0.2 0.8 0.1
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Alumina linerAlumina 
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Fig. 2 Schematic diagram of steam oxidation test facility
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been monitored, using the thermocouple connected to the computer using PICO TC-

08 thermocouple data logger. The installed software allowed obtaining temperature

readings in every 5 s for the test duration.

Metal loss was studied by comparison of the dimensions of the samples before

the exposures, obtained with the digital micrometre and the data after exposure,

acquired with the image analyser. The technique uses a digital image analyser. By

comparing the sample dimensions before and after exposure, the apparent change in

metal and the change in sound metal (change in metal?internal damage) can be

calculated. These data sets can then be re-ordered (from greatest to least metal loss)

and corrected for calibration differences (using data from reference samples). The

processed data can then be plotted as a change in metal versus cumulative

probability; effectively, this type of plot indicates the probability (e.g. 4 %) of a

certain degree of damage being observed. The image analyser is connected with an

optical microscope. For the data acquisition the software, Axio-vision was used.

Figure 3 shows a schematic on the x–y stage for the analysis. The sample is

placed on the motorised x–y stage (cross-sectioned, grinded and polished). An

important step is to ensure that the long side of specimen is parallel to the x-motion

of the stage. After this process, the main cross-section locations (top, bottom, right

and left) on the sample are fixed. The machine calculated the x–y co-ordinates

around the sample. It was found, that for the best calculating results, *55 or more

points around the sample is required. The images are recorded during measurement,

the software automatically made 9 individual pictures of each point. These images

later are stitched together and the obvious metal losses in each of these images were

pinpointed. Figure 4 demonstrates the function of image analyser (e.g. at point B the

x-value = b2 and the y value = a2). More detailed description of metal loss

analyses can be found via literature [19–22].

The instrument was successfully used to obtain metal loss of the ferritic and

austenitic materials after fireside corrosion tests at high temperatures [23, 24]. The

Fig. 3 Schematic of a rectangular samples cross-section on the digital image analyser stage
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thickness changes data were obtained from the specimens cross-sections with use of

both SEM and optical microscopy after 250, 500 and 1000 h periods. Additionally

the thickness change was calculated from the weight change data. For the

calculation it was assumed that for 1 mg/cm2 of oxygen 7.094 lm of magnetite or

4.078 lm of chromia is able to form under tested conditions for ferritic and

austenitic steels respectively.

Steam oxidation kinetics of ferritic steels was investigated in terms of mass,

thickness and metal loss, whereas due to slow oxidation of the austenitic steels used

in this work it was not possible to obtain thickness and metal loss data under tested

Fig. 4 Illustration of function of image analyser a stage and sample and b determining metal loss from
the images recorded

Fig. 5 Mass change of T23 and T92 steels in temperature range between 600 and 750 �C
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condition. The method used for the metal loss identification is characterised with an

error of 6 lm which has significant impact on accuracy of the data obtain for highly

alloyed steels and Ni based steels, whereas for low alloyed steels such error is less

significant for the results accuracy.

Results

Test conduced clearly show that steam oxidation kinetics of the selected ferritic and

austenitic steels depends on temperature. For the ferritic and ferritic/martensitic

steels (T23 and T92) oxidation process accelerates more significantly with

temperature then for austenitic steels (Figs. 5, 6).

At 600 �C the oxidation process of both ferritic steels show similar rates, this

changes with the exposure conditions. At 650, 700 and 750 �C T23 steels indicates

significantly faster oxidation, furthermore temperature has more significant impact

on the process than it has for T92 steel. Oxidation of austenitic steels is much slower

than that for ferritic steels; however, also shows clear temperature dependence.

T347HFG and Super 304H austenitic grade steels clearly indicated change of the

oxidation rates at elevated temperature under tested conditions. Even at the lowest

temperature, there are differences in mass change between the two steels. Steam

oxidation of T23 ferritic steel differs significantly from the rest of tested steels; first

of all is much faster, secondly at higher temperatures (700 and 750 �C) it

continuously accelerates with time, whereas for other materials it slows down after

250 and 500 h for T92 ferritic/martensitic and austenitic steels respectively.

Oxidation process of T23 steel at 600 and 650 �C is characterised by fast period at

the beginning of the process (first 250 h) after which the kinetics slows down. Such

situation was identified in all analysed data (mass, thickness and metal loss). At
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Fig. 6 Change of calculated oxide thickness of T23 and T92 steels with time in temperature range
between 600 and 750 �C
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higher temperatures the oxidation rate increases continuously for the whole test

duration. At 700 �C the fastest mass change was identified in the first 250 h period

whereas at 750 �C the acceleration of oxidation rate in the first period is slower than

after 250 h.

Figure 7 shows comparison of steam oxidation of richer in Cr T92 steel with T23

steel in terms of average calculated oxide thickness. It was found that average

calculated oxide thickness curve for T92 steel does not change significantly with

temperature as it was in the case of T23 steel. Oxidation and calculated average

oxide thickness of T92 steel at 650 and 700 �C shows similar values; the difference

is in the first 250 h period when the rate growth is more significant at 700 �C;

however, it slows down with time. Under analysed conditions the T92 steel shows

significantly faster growth at the beginning of the process, which reduces with

exposure period, such situation, exists even at the highest temperatures. The

phenomena is related to diffusion path, where with increasing time outward

diffusion of ions from the bulk steel increases significantly, as well known this

process is activated thermally such as at higher temperature the process will be more

significant.

Figure 8 showing data of effect of Cr and average oxide thickness is calculated

from mass change data, those values differ from the data obtain from the cross

sectioned specimens in case of T23 steel at the higher temperatures (700 and

750 �C), whereas at lower temperatures the calculated and obtain thickness data

seem to be in better accordance. It was found that when mass change of T23 reached

250 mg/cm2 (Fig. 5) average thickness of the oxide scale showed value of 2500 lm

at 750 �C, similar T92 mass change at 750 �C corresponded to nearly 50 mg/cm2

with average thickness of oxide equivalent to nearly 500 lm. It can be concluded,

that in ferritic steel such as T23 and ferritic/martensitic steel T92 ratio 1:10 between

mass change and average oxide thickness of the formed scale exists. Similar ratio

Fig. 7 Effect of chromium and average oxide thickness for T23 and T92 steels with time in temperature
range between 600 and 750 �C
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was observed as well for T23 steel at 700 �C where mass change of T23 material

reached nearly 125 mg/cm2 (Fig. 5) while average oxide showed thickness of 1250

lm.

Relation between oxide thickness and metal loss showing slightly different

correspondence; is equivalent (in terms of ferritic steels) to an approximately 50 %

of total metal thickness. When average oxide thickness of T23 steel reaches 2500

lm, metal loss of the steel reaches approximately 1200 lm (Fig. 9).

Austenitic steels indicate significantly slower oxidation rates in steam regime at

high temperature as assumed; the mass change of the selected steels increases

clearly with temperature (Fig. 10). Under tested conditions T347HFG steel oxidises

Fig. 8 Effect of chromium and average metal loss of T23 and T92 steels with time in temperature range
between and 750 �C

Fig. 9 Mass change of T347HFG and Super 304H steels in temperature range between 600 and 750 �C
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slightly faster than Super 304H steel in terms of calculated oxide thickness, the

smallest difference in the mass change between the analysed materials were

identified at 600 and 650 �C respectively, however such similarity does not exists

during whole exposure as it was identified in case of the ferritic materials. Steam

oxidation of austenitic steels shows faster mass change at the beginning of the

process up to first 500 h, after this period the mass gain considerably slows down,

such trend is identified at four studied temperatures for both selected austenitic

steels with 18 wt% Cr. In contrast to ferritic steels, in austenitic steels ratio 1:10

between mass change and average oxide thickness of the formed scale doesn’t exists

suggesting completely different mechanism of oxide scale formation and corrosion

behaviour at high temperature.

To summarise, the analysed materials have diverse oxidation rates, which differ

with the chromium content as well as with alloying additions. Chromium content

seems to have lower impact on the oxidation of T23 and T92 at 600 �C for whole

test duration, the same trend was observed for austenitic steels moreover the

positive impact of the alloying additions starts to be significant at higher

Fig. 10 Change of calculated thickness of T347HFG and Super 304H steels with time in temperature
range between 600 and 750 �C

Table 2 Values of the parabolic rate constant (kp) (mg2/cm4/s) for exposed steels at 600, 650, 700 and

750 �C

Steel/temperature 600 �C 650 �C 700 �C 750 �C

T23 3.01 9 10-05 2.79 9 10-04 5.47 9 10-03 2.10 9 10-02

T92 2.50 9 10-05 1.02 9 10-04 2.74 9 10-04 8.54 9 10-04

T347HFG 1.55 9 10-09 1.35 9 10-09 2.93 9 10-08 2.87 9 10-08

Super304H 5.37 9 10-10 1.48 9 10-09 9.48 9 10-09 1.77 9 10-08
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temperatures and after longer exposure. Data analysis shows that oxidation rate of

the studied materials in steam follows the parabolic dependence; therefore, the mass

change may be fitted into the relation:

Dm ¼ kpt2 þ C mg=cm2
� �

ð1Þ

where Dm is mass change, kp is parabolic rate constant, t is time and C is constant.

Based on the Eq. (1) the kp for the analysed steels were calculated, the acquired

values of parabolic rate constant are presented in Table 2.

The steam oxidation behaviour is assumed to follow the parabolic dependence;

therefore, Arrhenius equation may describe the relationship between the parabolic

rate and temperature:

kp ¼ koexp �Q=RTð Þ mg2=cm4=s
� �

ð2Þ

where Q is activation energy, R is the gas constant and T is temperature. The

logarithmic plot of the Eq. (2) allows calculating the activation energy by fitting the

trend line to the points representing the kp for particular steel at the temperature of

interest. The acquired values of activation energies calculations are presented in

Table 3.

The results below show the values of the parabolic rate constant and activation

energies derived from thickness and metal loss change data, only for T23 and T92

steels. The outcomes are shown in Tables 4 and 5 respectively. It was found that

activation energies derived from those data are slightly larger than that obtain

exclusively from the mass change only; however the differences are not very

significant.

Steam oxidation of the selected materials leads to diverse metal loss, which is

more severe at higher temperature, due to enhanced diffusion of the iron and

therefore depletion of the base material. Investigation of the metal loss of the ferritic

steels can be obtain in two ways: one by checking the thickness of the inner layer

which corresponds to the original metal surface [16]; second by using the optical

microscope connected to the computer with the appropriate software which allows

taking pictures of the cross sectioned samples, allowing identification of the

coordinates for each of the selected point on the interface between the metal and

oxide scale. Further the data is transfer to excel and analysed statistically; the results

of such study are presented in Fig. 11 for 600 and 650 �C exposures and Fig. 12 for

700 and 750 �C respectively.

Steam oxidation of the ferritic steels leads to large metal loss, which differs with

steel type and exposure temperature. At lower temperatures (600 and 650 �C—

Table 3 Activation energy for

the analysed ferritic and

austenitic steels derived from

mass change data

Steel type Activation energy (kJ/mol)

T23 -337

T92 -172

T347HFG -163

Super304H -183
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Fig. 11) the differences in metal loss between T23 and T92 steels equal around

25 %, it changes at higher temperatures (700 and 750 �C—Fig. 12) when T23 steel

indicates more severe material loss, the difference in that case is up to 600 %.

Comparison of the metal loss and oxide thickness shows that for ferritic steels the

material consumed equals around half of the thickness of the oxides scales formed

(Fig. 13). The metal loss/oxide thickness ratio varies with temperature and steel

type, for T23 the ratio is 0.64, 0.34, 0.46, and 0.50 for 600, 650, 700 and 750 �C

Fig. 11 Metal loss data of the analysed T23 and T92 after 1000 h exposure at 600 and 650 �C

Table 4 Values of the parabolic rate constant (kp) (lm2/s) for analysed steels at 600, 650, 700 and

750 �C based on thickness of the oxide scale

Steel/

temperature

600 �C 650 �C 700 �C 750 �C Activation energy

(kJ/mol)

T23 2.47 9 10-03 1.73 9 10-02 4.37 9 10-01 2.02 9 10-02 -346

T92 1.10 9 10-03 1.34 9 10-02 1.74 9 10-02 4.75 9 10-02 -173

Table 5 Values of the parabolic rate constant (kp) (lm2/s) for analysed steels at 600, 650, 700 and

750 �C derived from metal loss data

Steel/

temperature

600 �C 650 �C 700 �C 750 �C Activation energy

(kJ/mol)

T23 6.36 9 10-04 2.81 9 10-03 1.16 9 10-01 4.54 9 10-01 -347

T92 4.76 9 10-04 2.84 9 10-04 2.25 9 10-03 6.63 9 10-03 -145
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respectively, whereas for T92 is 0.52, 0.41, 0.40 and 0.38, the lower values of the

ratio for T92 are result of the scale spallation.

Discussion

When ferritic steels are exposed to the 100 % steam environment the oxidation rate

is initially low as the most stable oxides are formed, which in case of considered

steels are chromia, Fe–Cr spinel and Fe2O3. The length of the initial oxidation

period differs with the chromium content, the alloying additions [1] and the

exposure temperature [16]. During that stage the process follows the linear

Fig. 12 Metal loss of the analysed T23 and T92 after 1000 h exposure at 700 and 750 �C

Fig. 13 Comparison between the oxide scale thickness and metal loss of T23 and T92 at 600–750 �C
after 1000 h exposure in steam
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dependence which is in agreement with Natesan and Park [25]. After longer time

when the protective scale brakes down and the growth of magnetite is possible the

rate dependence changes to parabolic; the oxidation rate remains parabolic as long

as the developed scale is able to maintain adherence [26]. Nevertheless, the change

between the oxidation rates is well documented; there is no agreement when it

happens, the transformation point depends on many variables [27] therefore is

complicated to be identified. In case of the tests conducted, it varies with

temperature, what is result of changes in diffusion at different temperatures and

therefore faster breakaway oxidation of the protective oxides formed on the surface

of the bare steel [1, 28]. Viswanatahen and Sarver [27] believe that oxidation of the

ferritic steels exhibits linear rate dependence above 700 �C; however results of the

particular test show that at 700 �C the oxidation of T92 steel still follows more

closely the parabolic rate dependence. In comparison the oxidation of T23 for the

whole duration at 700 and 750 �C sharply accelerates therefore conclusion that for

that steel the rate dependence may closely follow linear law after longer exposure.

Analysis of the activation energy for ferritic steels were based on three types of data,

activation energy values obtain form those data are characterised with some

dispersion. It is explained due to problems of determination of the precise area

exposed to direct oxidation due to the diverse surface shape of the specimen

(concave, convex and flat surfaces), as well as the exfoliation of scale during

weighting. Based on those explanation the values obtain form the thickness

measurement are consider to be more precise and are in better accordance with data

found in the literature [10]. Wright and Dooley [18] show that activation energy for

steam oxidation of T23 and T92 in the temperature range between 550 and 700 �C
equals -368 and -197 kJ/mol respectively. The difference between the results

obtained from tests conducted and literature review is most probably results of

different testing practice [4]. Interpretation of the activation energy shows that the

process controlling steam oxidation of ferritic steels is mix of inward oxygen and

outward metal cations diffusion mostly iron, which is in accordance with theories

presented in the literature [29]. However according to Viswanatahen and Sarver [27]

there is no clear interpretation of the rate controlling mechanism due to fact that

values of the activation energy top of the range reported for Fe diffusion in FeO and

bottom of Fe diffusion in Fe3O4.

Steam oxidation is clearly temperature dependent; the rate accelerates with

temperature, it is explained due to faster diffusion of cations at higher temperature

due to their atomic movements [1]. Oxidation kinetics of the T23 and T92 steels

oxidation in temperature range between 650 and 750 �C varies significantly,

whereas at 600 �C there difference between the oxidation rate of T23 and T92 is

smaller. Such situation could be explained due to lower impact of the chromium

content on the oxidation of ferritic steels at lower temperatures. The reduced impact

of Cr is a result of slower diffusion of metal ions at 600 �C as the diffusion

coefficients are temperature dependent [29, 30]. It could be also explained as a

result that neither of those two steels has sufficient amount of chromium which can

effectively suppress the non-protective oxide growth at higher temperatures [31].

Nevertheless there is no agreement on the impact of chromium at different

temperatures, it is well recognised that steels with higher chromium level exhibits

184 Oxid Met (2016) 85:171–187
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better oxidation resistance due to formation of more protective oxides, however

again there is no clear evidence of the minimum Cr content which is sufficient for

development of the protective chromium oxides. Shibli and Starr [32] indicated that

10–11 % of chromium in material allows the protective, external chromia (Cr2O3)

to be formed; on the other hand Sanchez et al. [31] have shown that such level

suppose to be around 11–12 %.

Metal loss of the tested ferritic steels increases with exposure temperature and

decreasing chromium content [33]. Under tested conditions the T23 exhibits larger

metal loss than T92 that is associated with higher chromium content of T92. In

theory between the metal loss/oxide scale thickness ratio equals around 1:2 [18];

however for tests conducted it fluctuates with the exposure conditions, such

situation is explained due to the scale exfoliation. At 600 �C, however there is no

significant differences in the metal loss between these two materials which is

explained as a result of relatively slower diffusion [30] and lower impact of the

chromium content on oxidation under considered conditions [27, 33].

The exposure of the austenitic steels under 100 % steam conditions leads to

significantly slower mass change than for ferritic steels, the linear growth of the

scale is longer due to higher chromium level, after longer exposure T347HFG and

Super304H exhibits parabolic rate dependence [18, 34]. The transformation

between the rates depends on the exposure temperature; it is faster under higher

conditions. Analysis of the activation energy shows that the protective scale growth

is not controlled by inner diffusion of oxygen as it could be expected but due to

internal oxidation of the Cr [17]. The tests conducted reveal good steam oxidation

resistance of the studied austenitic steels due to higher chromium content.

Nonetheless the both steels are 18Cr with fine grain structure their oxidation

behaviour differs, this is associated with higher Ni content of Super304H [35] and

positive impact of the nitrogen within the base material [36]. The activation energies

for the two steels are in accordance with data in literature, Fry et al. [35] show that

for T347HFG the activation energy is -164 kJ/mol, the data for Super 304 was not

available however for the 300 series family the activation energy is accounted for

-200 kJ/mol.

Conclusions

Study conducted reveal significant differences in oxidation behaviour among tested

T23, T92, T347HFG and Super304H. Those in the first place are explained due to

different properties of the ferritic and austenitic steel, secondly due to the chromium

and alloying addictions.

Ferritic steels show fast oxidation under studied conditions which is result of the

enhanced diffusion of the metal ions, there are not efficient diffusion barriers to

reduce the ionic transport and therefore suppress development of the non-protective

scale. Oxidation of both ferritic steels is fast and it increases with exposure

temperature. Results shows that chromium level has impact on slowing down the

oxidation process in steam however the 9 % Cr in T92 is not enough to slow down

Oxid Met (2016) 85:171–187 185
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oxidation rates so that steel can be employed in power plant operating at tested

temperatures.

Austenitic steels on the other hand oxidise in significantly slower manner as

result of the protective oxides development. Such layers are able to successfully

suppress formation of un-protective iron oxides for analysed period, therefore the

tested materials exhibit low oxidation rates. Tests have shown that T347HFG is less

resistant to steam than Super304H; which is explained due to a positive impact of

nickel and nitrogen addictions and synergy of those elements with other alloying

addictions.

To summarise data generated shows that applications of ferritic steels due to fast

metal loss are significantly limited, whereas austenitic steels should find wider

applications at studied temperatures, however their performance should be a subject

of the further longer steam oxidation tests.
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