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A Study on the Effect of Hf Addition on the Oxidation Behavior of Fe-Cr-Al Alloys

B. G. Moon, S. C. Kang* and G. M. Kim

Department of Materials Engineering, Chungnam National University, Taejon 305-764, Korea
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Fe-Cr-Al and Fe-Cr-Al-Hf alloys prepared by arc melting were isothermally and
cyclically exposed to air at 900~ 1100°C. On the surface of the Hf-free and the Hf-
added specimens exposed at 900C, only an external scale mainly composed of Al,03
was observed to form, while on the surface of Hf-added specimens exposed at
1000°C and 1100°C, Hf-rich internal oxides below the thin external Al,O; scale

formed.

As a result of cyclic oxidation, Hf-added specimens showed much more protec-
tive behavior than Hf-free ones oxidized at all temperatures. Hf-free specimens
failed after cyclic oxidation in about 150~ 200 hours, but Hf-added ones didn’t
up to 700 hours. All the specimens failed at the cyclic tests showed numbers of
polygonal-shaped aluminum nitrides formed below the external aluminum oxide
layer, resulting in the consumption of protective oxide-forming component, Al.
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Fig. 1. Isothermal oxidation results of (a) Hf-free
and (b) Hf-added specimens at 900°C, 1000°C and
1100°C in air.
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Fig. 2. XRD patterns of Hf-free specimens iso-
thermally oxidized (a) at 900°C, (b) 1000°C and (c)
1100°C for 100 hours in air.
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Fig. 3. XRD patterns of Hf-added specimens isother-
maly oxidized (a) at 900, (b) 1000°C and (c) 1100C
for 100 hours in air.
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Fig. 4. Surface morphologies of (a) Hf-free specimen oxidized at 9007, (b) Hf-free one oxidized at 1000°C, (c)
Hf-free one oxidized at 1100°C and (d) Hf-added one oxidized at 1100°C for 100 hours in air.

100412t Arstd HEf HopAlHel wHAlzle g,
97% ALOZ F4¥E ¥ EF(A) F
E % lym FER 900°Co W& gad b
HIO b oF 40% 7% 48 228 H7%e
Hf-rich 2t8t58(B) € 2 F89 H&Ad9 (Fe,
Cr)-rich A3&(C)e] AL & = A} o
2HE H71Ee] JRANERZ A 2Adn w2
Azt 71AH HRHEE AshAlA, Hf v 3744
Ho| v FAF7hE AT HEHF A 2
Ado] dgate oz Agn 1100Ce A
S (Fig. 5 (d) 1000Ce} ¥ving of B2
(Aol FAls 29A F7tskA] gkkovh(ef 1.3
pm), Hf-rich 23}E(B) 2 (Fe, Cr)-rich 43}
E(C)o] 223l wet FAZE tir F
713 Rog A" EF 900°7CAA Y A
F7t%ol 7bd 3A vEld A EHe Ao

-

¥



vl 2k Hfe} A7t} Fe-Cr-Al 39 nedATA vjile 2% 153

(c)

azogst AAHRA AsSE7) 48 Ao
= Adge, 4s2e v@d gkAD, 1000
csh 1100CoI e SR AsEd vla tha F
AA et o s (0.2~05m 7h), 43 U
o HIO7} mAsAl 25 #4897 @E
oz gz

3.2 7| ME(Cyclic oxidation)4d

zZ7| A g AE e 900°C, 1000C ¢ 1100°Ce
A ZANA <F 100088 FY o, 900C
Aol =y AedE Aag Fig. 69 Jehoh
Hf vl "7t el A%, o 150477 & 2 &8
A A3ASE Hojuprt 1 ofFFE 100047t
nA A&Rozg HAMHA BAZFNE BT

10054) Zt74A) o} AJ# o] BA Z 7t 5.14mg/cm?

(b)

(d)
Fig. 5. Transverse sections of (a) Hf-added specimen oxidized at 900°C, (b) Hf-free one oxidized at 10007, :c)
Hf-added one oxidized at 1000°C and (d) Hf-added one oxidized at 1100°C for 100 hours in air.
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Fig. 6. Cyclic oxidation results of Hf-free speci-
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Fig. 7. XRD patterns of (a) Hf-free specimen cydli-
cally oxidized for 1005 hours and (b) Hf-added one
for 1001 hours at 900°C in air.
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Fig. 8. Scanning electron micrographs of specimens cyclically oxidized at 900°C in air.

(a) Surface and (b) transverse section of Hf-free specimen for 1005 hours (c) Surface and (d) Transverse sec-
tion of Hf-added specimen for 1001 hours.
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Fig. 9. Cyclic oxidation results of Hf-free speci-
men and Hf-added one at 1000 in air.
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Fig. 10. XRD patterns of (a) Hf-free specimen cy-
clically oxidized for 943 hours and {b) Hf-added one
for 1008 hours at 1000 in air.
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(d)
Fig. 11. Scanning electron micrographs of specimens cyclically oxidized at 1000C in air.

(a) surface and (b) transverse section of Hf-free specimen for 943 hours (c) surface and (d) transverse section

of Hf-added specimen for 1008 hours.
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Fig. 12. Cyclic oxidation results of Hf-free speci-
men and Hf-added one at 1100°C in air.
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Fig. 13. Scanning electron micrographs of specimens cyclically oxidized at 1100°C in air.

(a) surface and (b) transverse section of Hf-free specimen for 346 hours (c) surface and (d) transverse section

of Hf-added specimen for 935 hours.
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Fig. 14. XRD patterns of Hf-free specimen cycli-
cally oxidized at 1100°C for about 370 hours in air.
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