
[¢ ^] ��Òò�²æ
Korean Journal of Materials Research
Vol. 13, No. 12 (2003)

791

)H�;$O����<�;  �� ��� �� ZW�����.~��N�Öz�ÿ

�÷Ö
�
ÁBöRÁ; R

¦ã&�v �²Ò��¦

+LJK� 7HPSHUDWXUH� 2[LGDWLRQ� %HKDYLRXU� RI�

)H�;$O����<�;  �� ��� �� ZW���� $OOR\V

%\XQJ :RR /HH
�
� :RQ &KDQ 6HR DQG &KDQ 3DUN

'LYLVLRQ RI 0DWHULDOV 6FLHQFH DQG (QJLQHHULQJ� 3XN\RQJ 1DWLRQDO 8QLY�� �������� %XVDQ� .RUHD

�����j �ú ��¢ Ar� ����j ��ú ��¢ �«>;� Ar�

Abstract The oxidation behaviour of Fe-XAl-0.1Y(X = 5, 10, 14 wt.%) alloys were investigated at 1073, 1173
and 1273 K in oxygen/ nitrogen gas atmosphere for 1~24 hrs using SEM/EDX, XRD and EPMA. The weight
changes of Fe-XAl-0.1Y alloys followed the parabolic rate law. Oxidation rates of 10Al and 14Al alloys were
ten times lower than that of 5Al alloys. This is attributed to the formations of protective Al2O3 oxides on the
surface of 10Al and 14Al alloys. The  oxidation product scales  of the 5Al alloy showed that  thick iron oxide
scales(Fe2O3, Fe3O4) containing  porosities formed during early stages of oxidation. With continued oxidation,
aluminum oxide was formed at the alloy/scale interface.
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Fe-14Al-0.1Y �.
j B�~&
. Ï� "�B �.


f �îz¾Ò¢ ~V *� Ar&Êª*V 7öB 1273 K

Nêö 24�* ÿn �¾Ò¢ ~&
. Özö �Ï� �

Þ
f '' 10Ü5Ü1 mm~ �V� �^.�V� &�

~� �þÞj >wzª ÚöB PtFb� �Þj ææ

~V *� æª 1 mm~ �Ú� �sj Ñî
. �þÞ


~ ��f #600-#2000~ �îæ� �î~� 3 µm~


�jÒ� ¾�ÊÞ� ã� �î~� j^Êb� .r

2^¿� ê ��~� Öz�þÞb� ~&
. �N Ö

z
þf *�; �N ¦�Ë~¢ �Ï~&� î²(160 ml)

f Ö²(40 ml)~ jN� b�~� ÖzWª*V� ~&


. Ú¦Nêº 1073, 1173 5 1273 K� ''~ Nêö

B &Vf ?f ��b� b�B &Ê¢ >w zªÚ�
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. �Â�* ê� >w� �Â

�ò
f Ar&Ê 7öB ï'� 
r ¯� âÚÚ 10-4g

;ê~ �ÖWj &ê Â�öB Z²Ã6j G;~&


. ÖzB �ò~ �� 5 ���ç &V 5 ¦��Wb

~ Wªö² ÿ;f SEM/EDX, EPMA 5 XRD¢ �

Ï� &V~&
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3.1 Fe-XAl-0.1Y �.~ �N ÖzV�
Fig. 1f Fe-5Al-0.1Y �. 5 Fe-14Al-0.1Y �.j

1073, 1173 5 1273 K Nê~ Öz~ãöB 1~24�*

�N Öz�Vj r~ Z²æz �ÿj ¾æÞ ©�
.

ß®, � Al�F �.f Al ö²& 10-14 wt.%~ Ã&

®röê ®�~� ''~ �ÂNêöB jÝ� Z²æ

z �ÿj ¾æÚîbæ� 14 wt.% Al �.~ Z²æz

ò ¾æÚî
. 5Al �.f .V 1�* �Â~&j ãÖ

1073 K NêöBº £ 6.1 mg/cm2� /Ï® Ã&~&b

� 1173 Kº £ 3.1 mg/cm2, 1273 Kº £ 1.3 mg/cm2

� �ÂNê~ Ã&ö V¢ Z²& 6²~º ãËj ¾

æÚî
. 6, �Â�* Ã&ö V¢ 1073 K 5 1173 K

öBº 13�* �Â êö '' £ 20.9 mg/cm2  5

11.0 mg/cm2� �&~ Z² Ã&�ÿj ��
& � �

ê~ �ÂöBº Z²Ã&& zz>º ãËj ¾æÚî
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Â�*~ N�º ®b¾ Z²Ã& ê zz>º ãËj ¾

æÚî
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Fe-14Al-0.1Y �.f 1�* �ÂöBº 5Al �." ?

� /³� Z²Ã& �ÿf ¢Ú¾æ p~b� 9�* �

Â êº 1073 KöBº £ 0.53 mg/cm2, 1173 Kº £
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Ã& ê �Â�*� ã"�ö V¢ �~ ¢;� Z²æ

z¢ ¾æÚî
. ' �Þ
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Öz³ê(Kp) 8j Table 1ö ¾�~&
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'~ �ÂNêöB Kp1 5 Kp2~ 2B~ Öz³ê 8j
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. 10Al 5 14Al �.


f 1B~ Öz³ê 8j ¾æÚîbæ� �ÂNêö &

Table 1. Parabolic rate constants of Fe-XAl-0.1Y alloys (X = 5, 10, 14)

Temp.
alloy

Kp(mg2cm-4sec-1)

1073K 1173K 1273K

Fe-5Al-0.1Y
Kp1 9.8Ü10-2 Kp1 6.5Ü10-2 Kp1 3.4Ü10-2

Kp2 2.3Ü10-2 Kp2 1.3Ü10-2 Kp2 8.4Ü10-2

Fe-10Al-0.1Y 2.1Ü10-3 3.3Ü10-3 3.5Ü10-3

Fe-14Al-0.1Y 2.2Ü10-3 3.4Ü10-3 3.5Ü10-3

Fig. 1. Weight change of Fe-XAl -0.1Y alloys(X = 5, 14)
exposed to high temperature oxidation environment at 1073,
1173 and 1273 K.



Fe-XAl-0.1Y(X = 5, 10, 14 wt.%) �.~ �N Öz�ÿ 793

êì� ¢;� ³ê 8j &ê ©j r > ®î
.

''~ �.
~ Öz³ê 8f �ÂNêö V¢ £*

~ N�º ®b¾ Fe-5Al-0.1Y �.�
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.
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. �
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Fig. 2. SEM/EDX spectra from the scales formed on Fe-5Al-
0.1Y alloy exposed to oxidation environment at 1073 K for
1 hr and 13 hrs.

Fig. 3. EPMA line profile of cross sectional scale formed on
Fe-5Al-0.1Y alloy at 1173 K for 24 hrs.
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(A)f ¦ÂB XF ;êöB Fe2O3 5 Fe3O4~ Özb

� {� � > ®î
. � j¾[(B)f Fe, Al, Oö²

~ XF ;ê& ¾æ¾ FeAl2O4~ Özb�î� �.ê

�~ Özb(C)f Feö²~ ;êº ¾æ¾æ p� Al 5

O~ ö²~ ;êò ¾æÒbæ� Al2O3~ Özb� �

Ò~&
. �f ?� Fe-5Al �.f �N~ Öz~ãö

�Â~&j r �.ê�*� A l 2O3~ Özb 5

FeAl2O4~ Özb� �W>Ú Fe-5Al �.~ Z²æz

�FöB Öz³ê 8(Kp)~ æz& ®º ©b� �'>

� �
~ Özb
� �. ö²~ �¦�ÿj O�4)~

æ� ¦�b~ WËj 
² ÛB~º ��j ~º ©b

� �'B
.

3.3 �Al �ï Fe-XAl-0.1Y �.~ �N Öz�ÿ
5 Özb WªªC

Fig. 4º Fe-10Al 5 Fe-14Al �.j 1073 K Nêö

B 1�* Öz� êö �. ��ö �WB ¦�bj

SEM/EDX ªC� Ö"�
. Fe-10Al �.f (a)ö ¾æ

Þ :f ?� �f ²ïbï[j ;W~&� � *� ·

f Özb Ö;
� �W>Ú ®º ©j r > ®î
.

Fe-14Al �.(b)ê �f bï*� £ 0.6µm �V~ Ö

zb Ö;
� �W>Ú ®î
. �Ò� ' �.
~ �

�ö �WB Özb" b�[j ªC� Ö" &Ú'b�

Fe 5 O~ Wªf �.ö²~ �Fïö V� N�º �

�æ p� jÝ� ³ê¢ ¾æÚî� Al Wªf �.


~ Al �ï� 10 wt.%öB 14 wt.%� Ã&�>� �²

¾æ¾� ®º ©j r > ®î
. �
 ªC 8b�¦

V ��ö �WB Özb" �� b�[
f FeAl2O4 5

Al2O3~ Özb� �'>î
. Nê¢ Ã&�Î 1173 K

5 1273 KöBê Özb Ö;
~ �Vº £*~ N�

º ®îb¾ EDXªC Ö" FÒ� Özb� {�>î


. Nê 5 �Â�* Ã&ö V� �ÿj {�~V *

� ' �.
j 1273 K~ Öz~ãöB 21�* �Â�

Î ��~ XF ².ªC� Ö"¢ Fig. 5ö ¾æÚî
.

��~ Özb
f 1073 K NêöB ¾æÂ Özb�


º ô� �W, WË>Ú �.��~ * æ�ö �ö �

¢~² ª�>Ú ®î
. �
 Özb
f Al2O3 ~ ²

.F� ¦Â>îbæ� ' �.
~ ��ö �WB Öz

b
f "� Al2O3 Özb� ©b� {�� > ®î�

Fe-5Al �.~ ��ö �WB Fe2O3 5 Fe3O4~ Özb

f BÒ� > ìî
.

Fig. 6f Fe-10Al �.j 1273 K Nê~ Öz~ãö

B 24�* ÿn �Â�B �.~ G�ö �W� Özb

j EPMA ;ïªC� Ö"�
. Özbf 5Al �."º


�² V� �~ Ö�f ��æ p~b¾ Özb*� �

Fig. 4. SEM/EDX spectra from the surface scales formed on
Fe-5Al-0.1Y alloy (X =10, 14) exposed to oxidation
environment at 1073 K for 1 hr.

Fig. 5. X-ray diffration patterns of oxide scales formed on Fe-XAl-0.1Y alloys (X = 10, 14) to oxidation environment at 1273 K
for 21 hrs.
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£~� ÎÚ^ ¾* © ?f ;çê �&
. ;ïªCf

ÎÒ�¦V £ 4.5µm º* ÚöB ªC~&
. ÎÒ¦

"~ £ 1.5µm vþöB ÎÒ~ ³ê æz& ¢ÚÒb

� Feº 6N 6²>î� Al 5 O~ ³êº 66 Ã&

~º ©b� ¾æÒ
. �. ê�*� Özbf £ 2.5µm

º*öB Wª
~ z�·�'jº jîæò Al2O3 5

FeAl2O4~ Özb� �W>Ú ®º ©j {�� > ®

î
. 10Al 5 14Al �.
f 5Al �.�
 Ôf Öz

³ê¢ ¾æÞ ©f f r��ªÖzb~ b�b� Î

Ò~ Fe ö²~ �¦�ÿj ÛB~º Oã~ ��j ~

&� 6, Al2O3 Özb~ �Ò& Â]� ©f �ÂNê

~ Ã&� �� Væ& Al~ �¦{Öj /ê�B Al2O3

~ ��W" WËj Ëç�ÊV r^� ©14)b� �'B


.

4. Ö  �

Fe-XAl-0.1Y(X = 5, 10, 14 wt.%) �.
j �N(1073

K, 1173 K, 1273 K) Öz~ãöB 1~24�* ÿn �N

Öz�B �.[ö �WB ¦�b~ 7ïj ¦Æ~� Ö

zV�¢ ¦Æ~&�, �.��ö ;WB ¦�[j SEM/

EDXf EPMA 5 XRD� ªC~&
. Fe-XAl-0.1Y �

.
f * �ÂNê �*öB �Â�*ö V¢ �bF;

�~ Ã&�ÿj �&� ¦�³êº 5Alj �F� �.

�
 10Al 5 14Al �.
� £ 1/10 �~� 6²~&


. Fe-5Al-0.1Y �.f ''~ �ÂNêöB .V~ �

Â";öBº V�j �F� Fe2O3 5 Fe3O4~ ��Ö

zb~ B*B ;�� ¾æ¾ Öz³ê 8� Ã&>îb

¾ �Â�*� Ã&~� �.ê�ö Al2O3 5 FeAl2O4~

Özb� �W>Ú Öz³ê 8� Ôj r
. Fe-10Al-

0.1Y 5 Fe-14Al-0.1Y �.
f ''~ �ÂNêöB �

Â�*ö &êì� Öz³ê 8� ¢;~&
. �º .

V �Â";öB �WB �^'� Al2O3 Özb� ��

ö 9² b�>Úê ©b� �'B
.
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Fig. 6. EPMA line profile of cross sectional scale formed on Fe-10Al-0.1Y alloy at 1273 K for 24 hrs.


