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LS uRk = %‘j{ﬁm H A on the constitution of depositing solutions identified by QNMS
Fl. B TERPSY Substance Cr or Al / Y (atomic ratio) in solutions and films
T ERBEARE Solution 3Cr/1Y 1Cr/1Y 1Cr/3Y 1A1/1Y
Y,0, #J Cr,0; 5 ALO, Deposited oxide  4Cr/1Y 2Cr/1Y  1.5Cr/1Y  3.6Al/1Y
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Fig. 1 Surface morphologies of the deposited oxide films by means of an electrical deposition
(a) (Cr+Y),03(2Cr/1Y), depositing for 15 s; (b) (Cr+Y),03(2Cr/1Y), depositing for 60 s
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Table 2 The isothermal oxidation parabolic rate constants of Fe25Cr

with or without various deposited thin oxide films at 1000°C in 10* Pa O,

Alloy + Thin oxide films Parabolic rate constants/g? « cm™4s™!
Uncoated Fe25Cr 3.31x10°1!
Coated with Al,O3 3.15x1071
Coated with Cr;03 8.28Xx10712
Coated with Y,0; 9.43X10"13
(Cr+Y2,05(Cr/Y=4/1) 9.33%10718
(Cr+Y),0;(Cr/Y=2/1) 4.94X 107135 3, 03X 107 13(*)
(Cr+Y),0:(Cr/Y=1.5/1) 4.45X10™13
(Al4+Y),0;(Al/Y=3.6/1) 3.99X 10713

* Rate for the specimen deposited for a longer time, 60 s; the other for 15 s only
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Fig. 2 Isothermal oxidation kinetics of Fe25Cr with Fig. 3 Thermal cyclic oxidation kinetics of
or without various oxide thin film coatings at Fe25Cr and Fe25Cr coated with (Cr+
1000TC in 10* Pa oxygen Y),0;(Cr/Y=2/1) and Y.O; films for

1 Al;O3, 2 uncoated Fe25Cr, 3Cr;0;,
4Y,03, 5 (4Cr+Y);03,6 (2Cr+Y);03,
7 (1. 5Cr+Y),0;, 8 (3. 6Al4Y),0;,

9 (2Cr+Y)zO_3, 60 s

the cyclic process consisting of heating
at 1000C for 60 min and cooling at
room temperature for 15 min in 10 Pa
oxygen. 1 uncoated Fe25Cr, 2 coated with

Y,0:, 3coated with (Cr+Y>:0;
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Fig. 4 SEM secondary electron images of the scale formed on Fe25Cr after oxidation
at 1000°C for 24 hin 10* Pa O,
(a) General morphology; (b) The local area where the scale cracked and fell off, exposing the substrate with

oxide grain imprints

Fig. 5 SEM secondary electron images of thq scales formed on Fe25Cr coated with Cr,O; or Al,O; thin
films after oxidation at 1000°'C for 24 h in 10* Pa O,
(a) Specimen coated with the singular Cr,(; coating» showing the uneven and partially spalled scale, (b) Speci-

men coated with the singular Al,O; coating, showing the fractured scale and the smooth substrate
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Fig. 6 SEM secondary electron images of the scale formed on Fe25Cr coated with the Y,O; thin film after
oxidation at 1000C for 24 h in 10‘ Pa O,

(a) Fine oxide grain morphology 3 (b) The transition area being full of ridges near the edge of the specimen
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Fig. 7 SEM secondary electron images of the scales on Fe25Cr coated with various multi-component oxide
films after isothermal oxidation at 1000°C in for 24 h 10* Pa O,
(a) Dense scale on the (Cr+ Y);03;(Cr/Y =4/1) coated specimen; (b) (Al+ Y);0;(Al/Y=3. 6/1) coated
specimen; (c) Oxide nodules formed at the corner on the specimen coated with (Cr+Y);0:(Cr/Y=2/1) de-
posited for 15 s; (d) Locally spalled scale on the same specimen as in (a); (e) The trace of cracks in the de-
posited oxide film on the scale formed on the specimen coated with (Cr+Y);03;(Cr/Y=2/1) deposited for 60 s;

(f) Showing the similar trace on the same specimen as in (b)
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EFFECT OF SURFACE-APPLIED
RARE EARTH CONTAINING THIN OXIDE FILMS
ON HIGH-TEMPERATURE OXIDATION OF Fe25Cr

QI Huibin, D. G. Lees', HE Yedong

(Beijing Corrosion and Protection Centre, Laboratory for Corrosion-Erosion
and Surface Technology of MMI, University of Science and Technology, Beijing 100083)
(1 Manchester Materials Science Centre, University of Manchester and UMIST ,
Grosvenor Street, Manchester, M1 THS, UK)

ABSTRACT The effects of surface-applied Cr,O; and Al,O; thin oxide films containing vari-
ous concentrations of Y;O; on the high-temperature oxidation behaviour of an ordinary Cr,0,
former, Fe25Cr, have been studied at 1000°C in 10* Pa oxygen. The thin oxide films with
Y,0; gave rise to a great decrease in the growth rate of the Cr,0; scale and the effect of mul-
ti-component films was stronger than the single Y,0, film. The morphology of Cr,O; scales
changed apparently. The indirect evidences showed that the growth mechnism of the Cr,0,
scale converted from predominantly cation diffusing outwards to predominantly anion diffus-
ing inwards. A full reactive element effect (REE) has been developed by the surface-applied
thin oxide films with yttrium.

KEY WORDS thin oxide fiqu, Fe25Cr, oxidation, reactive element effect





