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In this study, the effects of KCl(s) and K,SO4(s) on the oxidation characteristics of 2.25Cr-1Mo steel were
investigated for 500 h in 100, + 10CO; (vol%) gas environmen at 650 °C. Oxidation kinetics were characterized
by weight gain, oxide layer thickness, and fitted models for the experiment data were proposed. The fitted
models presented considerable agreement with the experimental data. The oxide layer was analyzed using
the scanning electron microscope, optical microscope, and energy dispersive X-ray spectroscopy. The oxidation
kinetics of 2.25Cr-1Mo steel with KCI and K,SO4 coatings showed significantly different oxidation kinetics.
KCI accelerated the oxidation rate very much and had linear oxidation behavior. In contrast, K»SO, had
no significant effect, which had parabolic kinetics. The oxide layer was commonly composed of Fe,Os,
Fe;04, and FeCr,O4 spinel. KCl strongly accelerated the oxidation rates of 2.25Cr-1Mo steel in the
high-temperature oxidation environment. Conversely, K>SO, had little effect on the oxidation rates.
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Fig. 1 Schematic diagram of high-temperature oxidation
apparatus and 2.25Cr-1Mo specimen coated by KCI.
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Fig. 2 Weight gain of 2.25Cr-1Mo specimens exposed to different
coating with time.
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2Fe,05 + 2KCl(g) + 120, = KoFe,00 + Cl(g)  (3)
2Cr0; + 2KCI(g) + 1/20, = KoCr07 + Cl(g)  (4)

ARHo|E FAg oA WAyt Cl, 7HAe Akshahs:
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Fig. 3 Cross-sectional OM images of 2.25Cr-1Mo specimens exposed to different coating.
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Fig. 4 Oxide thickness and fitted curves for 2.25Cr-1Mo steel
with time.
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Table 1 Detailed oxide thickness and fitted curves for Fig. 4

Oxide thickness, pm

100 h 300 h 00 h k, pm/h™ n R? Kinetics
As-received 35 59.6 86 2.6 0.5585 0.9957 near parabolic
KCl 41.2 160.4 2254 0.62 0.947 0.982 linear
K,SO0,4 39.7 61.2 90 3.7 0.5085 0.9892 near parabolic
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_ RE, 07 YREAe R F98 RFoR T Fe
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g
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g1 9lglth Fig. 5b9) KySO, IZEA| A= Ak 9l 4 (Atomic percentage) 2 YER Zo] 0.5% ©]&}2]

S5 a2 Aol Trlw BAE oM, Fig. vl it BAZT eI A2eteith. spot 101 s 2}
5d-12] B8ele BAE Ba) K50, 2 BARAT. W} &S 65.65% Fedt 34.4% 0015, spot 2] tak 1<)

A KoSOs= AbshAl 9} $Ha7he] vhg-ol] hofahA] ofo} Als) &2 70.95% Fe®} 29.05% OF YERTE spot 13 29
Lo Jge T4 = Aoz FAFHSIT) Fig. 5c9 Fe/O2] HI&-S 1.99} 2.44 % b3l 92 2= 0%
KCl ZRHAIE ] AbslS 30 342 B 2217} o] 3|17 o] ol AES YERTE ol Fed] thadxbrt 540
Feo] AbskEo] ¥ie 9 e I4e dERh 71Q18k Aot} AnkA 0 7 AsHE-L - FHdol A Ak

Fig. 5 SEM and EDS analysis result on surface of the 2.25Cr-1Mo specimens exposed to different coating for 500 hours: (a)
as-received, (b) K>SOy, (¢) KCl, (d-f) chemical element distribution for white box in Fig 5. (b).
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Inner layer

Fig. 6 SEM and EDS analysis result on cross-section of the 2.25Cr-1Mo specimen exposed for 500 hours: (a) SEM image, (b-d)
Chemical element distribution.

Fig. 7 SEM and EDS analysis result on cross-section of the 2.25Cr-1Mo specimen exposed to KCI for S00 hours: (a) SEM image,
(b-d) Chemical element distribution.
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Fig. 8 SEM and EDS analysis result on cross-section of the 2.25Cr-1Mo specimen exposed to K,SO, during 500 hours: (a) SEM
image, (b-d) chemical element distribution for Fig. 8(a), (e-g) EDS spot analysis results for Fig. 8(a).
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=9 HgAdo] kA Bt X oEs] wikelth
[15]. Ats}So] FANAFE 7h/2b el Ay} Absls/
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