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1 +G12#m|-nLo�Ay�/z9%Ez`-MDnLo�A [1]�-℄kz9D�[zXo℄(�9/nf�z9�n�~-Ao5�E��/�12�p#mf�-jioz9 [2∼6]��Tj12�p#m�℄ [7,8]�g�%�PH#mo���E(6�dQ℄(oyN�X!:��I�<oyN�#m2��#m�us�x�P℄(#mo`��� [9]�/�℄(9/�#m��E�G#mf�C�a��Æ
�℄(os�s5�/-G#mf�z9�x*�12℄(��o`�:| [10]�{/�Sato s [11] �Ij L12 %Ao�!-8~ γ′- Co3(Al,W) I|6po[_ Co-Al-W ℄(�
i Suzuki s [12] 5�m"/�Mf��X!j
Co-Al-W Z�R℄(,�o Co-Al-W-Ta ℄(����I�9elohM (γ′+γ) ,E%AZ�D0b�u&bo�"H>el�!o γ′ MI�9 γ-Co ��℄��%��℄(?"gWoG�p��#mZ�Æ���E�%X<F19{�o's [13]��
γ′-Co3(Al,W) I|6po Co-Al-W ℄(�N-91	�.* : 2009-10-20�!�) : 2009 �℄NMq0�5MGR�\.	g℄9�MÆ�*�oR� (099RJYA018) rkQO�� : j���1978 �e��h��w�|;�S/&p(�m5FQO : j���E-mail: xuyt@lut.cn

2�6#mÆ��6�pfs5�Q3p�nW��{C �E-1rUioqY!ZF1Zs�~w����s���o12℄(�gT+0�l�[_
Co-Al-W ℄(�H#mf�oMDz9�m�"5z9[_ Co-Al-W ℄(9 800 � 75%

Na2SO4+25% NaCl {℄MwZoH#m-�,z9℄(,� Mo�Nb�Ta Z Ti 9℄(H#mZo-�
2 1H�FP{jMfX! Co-Al-W ℄(/l-:�
(0.98 µm, [� 99.8%)�x� (3.59 µm, [� 99.5%)��� (4.5 µm, [� 99.0%) �,� Mo�Nb�Ta�Ti���) 1 Æv℄(℄|Ui (at.%) -##��
METTLER AE240_{s�)Mi 30 g��3 QM-

1SP4 ^u<Æ�{℄C4�<l# 1.3:1�m�
200 r/min�<Æ 3 hi9j,*�6lq��℄�tX
?sXNz�z��s%s 90 MPa��sXz�W%j�}~Z� WS-4 �tY{jMfv (�1�k) X!℄(���iXV X �FF,� (EDXRF) �X!℄(pnN�Q) 1�X!℄(C3C4pX℄ 1350 �/2 h�kWX℄ 850 �
/2 h�X!℄(�:N 15 mm×12 mm×3 mm o�'z����[Se�bÆT 1000♯ i�9�ZZ+�{℄OÆZ� KQ-250DG-:B�:B,W%f
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Table 1 Measured chemical compositions of Co-Al-W based alloys (mass%)

nominal shortened form Co Al W C Fe Mo Cu

compositions (at.%)

Co-8.8Al-9.8W 9.8W Bal. 11.240 23.941 0.048 Residual 2.401

Co-8.8Al-9.8W-2Mo 2Mo Bal. 8.239 25.024 0.062 Mo 2.174 Residual 1.250

Co-8.8Al-9.8W-2Nb 2Nb Bal. 8.920 24.580 0.107 Nb 2.354 Residual 2.869

Co-8.8Al-9.8W-2Ta 2Ta Bal. 8.170 23.964 0.081 Ta 4.329 Residual 1.096

Co-8.8Al-9.8W-2Ti 2Ti Bal. 10.506 24.931 0.073 Ti 1.126 Residual 1.263(rEdJ��k96)�$!��?[ Na2SO4Z NaCl #Xo 75% Na2SO4+25% NaCl �Z�OÆ�OT}n�>C4o{℄w��,RX$wi9
0.9 mg/cm2

∼1.2 mg/cm2 L��8i�$wz�e�9+~q�2�EdJT`�B8o\b�R
KSF 15-16 _��{v (R22�- ±2 �) 9 800�-H#mz��#mk�- 2 h�4 h�8 h�12

h�16 h�20 h��Tz�9 DT-100F{�?�) (/i- 0.1 mg) M`�q�P- 3 5z�)CP�#mz�)�w����:Bi9 30% NaOH+2% K

MnO4 �OÆZg� 2 h��G-:B�:B 20

min�8�[8�:B�'��� JSM-6700F _W�{sG,7 (SEM) �z�,Eb�-�?�� EPMA-1600_{s�G�?�EB#mD<yN�b�Z,��1�
3 1H��K�<
3.1 ��7�C'# 1 -FP{jMfX! Co-Al-W ℄(,Eb���# 1a NK�9.8W ℄(,EyN�* γ-Co ���/℄ γ′-Co3(Al,W) 6pMZ_i�p<>�yN��# 1b∼e NK�2Mo�2Nb�2Ta Z 2Ti ℄(,EyN�*����/℄ γ′-Co3(Al,W) 6pMZ�

,M08~|�o A3B M (Co3Ta�Co3Nb�Co3MoZ Co3Ti) Z_i�p<yN�/Z�℄(p℄(,EyNZP/H>&bo�&FU/s�& γ-Co��'�elox γ′-Co3(Al,W) Z Co3Ta(Nb�MoZ Ti)6pM�I|6pM γ′x℄(9COZkWX℄QQZe�bNo�℄(,��v8� γ′ 6pM08~|��E& Sato s [11] �I[_ Co-Al-W ℄(Z γ′-Co3(Al,W) 6pMob�Z�1buM��
3.2 ,�/
$E# 2- 9.8W�2Mo�2Nb�2TaZ 2Ti℄(9 800�, 75% Na2SO4+25% NaCl MwZYi'p (∆W )�/)�P
k� (t) 'poH#m�n?L��#NK�℄(#m?`
#mk�o?�Æ?��℄(#m 4 h i?`
#mk�o?�Q�e�'���E;UE�℄(H#mQQ�-0t#	Z?F#	��%$w#mx�_��#m�Æ�H#mo0t#	!� [14]�#mS- (<4 h)��p?`aT�#m�X%dF#	i�#m?`)8?F�"q�#m 4 h �i�#m�?F�Ev��9�Y#	"i`IT�d [15]�#m�
�b�)	�E_ITx�%�kf�p�y�~�+p [16] �9#mQQZ��Ddoy�f<Y [10] ÆU�2MoZ 2Ti℄(o#m?`#/�℄(U�℄(p,� Mo Z Ti

Fig.1 Micrographs of 9.8W (a) 2Mo (b) 2Nb (c) 2Ta (d) and 2Ti (e) superalloys by vacuum arc induction melting
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Fig.2 Kinetic curves of hot corrosion of Co-Al-W super-

alloys at 800 � (a) ∆W vs t (b) ∆W 2 vs t��1 9.8W ℄(�H#m�oWO!W�`� Origin ?L�℄=��# 2 ?L-�℄��Qbu- Y 2=A+BX�Y e)f1��#m?`�X e)#mk��B e)#m-���℄%OQ) 2��) 2 N+=_℄(9 75% Na2SO4+25%

NaCl 800 �MwZ#m���Tl��^- 2Nb�
2Ta�9.8W�2Mo Z 2Ti�
3.3 XRD Æ;℄(9 800 ��2 h Z 16 h 4�P1Z$ 75%

Na2SO4+25% NaCl {℄w#mz� X `L~`�

?%O�) 3�)ZÆoT#mD</�UÆ$ow��)NK�Co-Al-W ℄(9 800 ��2 h $w#mi�a9MV)�:sow (Na2SO4�NaCl) (�"hZp℄<��Zx�p< CoO Z NaTaO3��Zxrp< Co9S8�i℄($w#mk�?�T 16

h k�Al2O3 o�H �_�/��p<�rp< 1�"'p�6�"Æ?6�,TI Co9S8 o5~` ��	
#mk�o?��rp<e�?��% X `LY!b�oKX�)ZÆo�p<Zrp<h�a9%)�Z^)���℄N��Co-

Al-W ℄(9 800 �Mw (75% Na2SO4+25% NaCl)H#mi�#mD<h�x CoO�U" CoWO4�
Co2AlO4 �_irp< Co9S8 sAN��% CoO �|�1% Co3O4�12E�F�pN CoAl2O4�R"_3� CoO Z Co3O4 a9��℄� CoO yN�k�o�12�p�<M�6�Y [17]��% 2Ti℄(�)�bN TiO2 x�_�kf# Al2O3 Co�p<�TiO2 M�i1��Æz��℄(o#m�p [18]�
3.4 �(C'

3.4.1 US_X _ 9.8W�2Mo�2Nb�2TaZ 2Ti ℄(/�k�#meEb�WE�#mk�?��#m<KbDU�I5)�a/)I�#m�e�P$�o"0�s)�'n1W1/H>�'}Q�1W1y`�3 16 h #mi�9.8W ℄(AV#mD<i)�"mO�Px`X�2Nb℄()�#m>�'}�Px`X�2Ta ℄(#mD<U�fW�AVD<i)�Fn�2Ti ℄(#m?`!U�
2Mo ℄(3 2 h�4 h�8 h�12 h�16 h #miEB�I�
p#mk�o?��#m�e�?g�1W1/)I�e�TI$��"0B��'}IT�

Table 2 Curve fitting mass gain and hot corrosion of Co-Al-W superalloys at 800 �
alloys ∆W /mg·cm−2 ∆W 2 /mg2

·cm−4

Co-8.8Al-9.8W Y =-12.7373+20.78637X Y 2=-15816.76322+6459.14702X

Co-8.8Al-9.8W-2Mo Y =-19.01867+11.4214X Y 2=-5741.21013+1809.34492X

Co-8.8Al-9.8W-2Nb Y =-27.60595+31.49226X Y 2=-43005.04283+15052.47965X

Co-8.8Al-9.8W-2Ta Y =20.60776+19.94481X Y 2=-11283.3394+6970.67331X

Co-8.8Al-9.8W-2Ti Y =25.33953+6.12222X Y 2=-1944.232+1059.982X

Table 3 Phase constitution of oxide scales of 9.8W�2Mo�2Nb�2Ta and 2Ti superalloys corroded in presence of

75% Na2SO4+25% NaCl deposit film for 2 h and 16 h at 800 �
alloys 2 h 16 h

Co-8.8Al-9.8W CoO CoWO4�Co9S8�Co2AlO4�CoO

Co-8.8Al-9.8W-2Mo CoO�Co9S8 CoO�CoWO4�Co9S8�Na3Mo3O6

Co-8.8Al-9.8W-2Nb CoO CoO�Co2AlO4�Co9S8�Na2Nb7O9

Co-8.8Al-9.8W-2Ta CoO�NaTaO3 TaO�CoO�Na1.22Al11O17.11�Co(AlCl4)2

Co-8.8Al-9.8W-2Ti CoO�Co9S8 Co9S8�Na2Ti7O15�CoWO4�CoO
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3.4.2 ℄S_X � 2Mo ℄(-a�2Mo ℄(3 2 h(# 3a)�4 h(# 3b) Z 12 h(# 3c) #m,Eb��?NK�#m 2 h Li�v Gv�2Mo o)>TIj	GomOZ}0'Dpo�;�7>℄(#m�℄�E_#m�-h5#	�
#mSt#	Z#mVA (��) #	�Luthra[19] � Co �℄(�dT�v2H#mo�Xv%- Co~ Coo�p<9℄()��dO&,�℄xQj�kf�p�obN�9#moSt#	��℄(Zo Co Ui1�9z�)�r�dN�> Co3O4 ��℄(Zo Mo�A1sUi_o,��d��p�,9 Co3O4 �o�<�1!�
#mo-�℄()�o#m�e�?g�#m��<( Co >o( Co p�A�sn/�,�oM� ��1�Co ,�9#m�ZoVV�z?�Co 9#m�/Mw'�O&,`[9Æ�w�Z?T�p<�MwZo Mo3+ Z Al3+ N�9&j Co2+/Co3+ u/��,��p<obu9MwZ?T [19]�9I5#mQQZ�Co Z CoO 9℄()�Æ�{℄MwoO&sn℄(o#mQ��` [20]�
3.4.3 TWY_X # 4 - 9.8W ℄(H#mb$�b��# 4a�b Z# 4c�d �*-℄(#m

8 h Z 2 h o$�b�Z,>LW�,��1��#
5a�bNK�
#mk�?��9.8W℄(#m>	G'g�g)�#m��T>AN�
#m�{(>�Z�>Z{�>��# 4c�d ℄(#m�b$�LW�,��1NK�{(>-*�o�p<�Z�Q�>h�� Co�Al�Si�W o(6�p<yN��#m>xh�� Co Z Al o�p<yN�

2Mo ℄(3 2 h(5a)�4 h(# 5b)�8 h(# 5c)�16

h(# 5d) Z 20 h(# 5e) #mb$�b��,�LW�%ONK�
p#mk�o?��2Mo ℄()�#m�'g�℄(#m 20 h LiTI}0'DpoIT�� 2Mo ℄(/�k�#mb$�LW�%ONK�
p#mk�o?��#m�{(>LE� Coo�p<h�x Co3O4 yN��%(>'},>og�'p/�E& Luthraoz9%OM� [19]��K-��℄(9MwZoH#m�p�{(>Cx� Co3O4 yN�Æ8,>�p�9,Eb�ZP�XSo�Z�Q�>#mD<_Z!(6�h�x
Mo�Al�Co yNo(6�p<�
#mk�o?�,>g�e�?��#m�{�>h�� Co Z Alo�p<yN�
p#mk�o?��H#m�{�>og�?�/�Ex�- Alo�p<�kÆU��% Al o�p�#!U��N�4\P1Zo�Z��o"W�� Co Z Al yN#m�{�>o�p

Fig.3 Morphologies of the 2Mo alloy after hot corrosion

at 800 � for 2 h (a), 4 h (b) and (c) 12 h��
p#mk�o?�e�'��# 6 - 2Nb�2TaZ 2Ti ℄(#m 2 h b$�b���Q� 2Nb(# 6a)�2Ta(# 6b) Z 2Ti(# 6c) ET_℄(#m 2 h o,>LW�,��1�I�T_℄(#m�p�yNZ�% 2Mo ℄(#m�o%A�#m�{(>e�'��h�x�%#m�(>'}ÆU�Z�Q�>D<_Z!(6�gLEh�x℄(,��Al�Co�W o(6�p<yN�
p#mk�o?��,>ZU" Al o�p<>1W1��Ui1W11�1W1U��TIj(�>�#m�{�>h�x� Co Z Al o�p<yN�
p#mk�o?��#m�{�>og�?�/��p��
p#mk�o?�e�'��h�x�-Z�Q�> Al �p<o�kÆU�,#m�p�N
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Fig.4 Cross-sectional SEM micrographs (a, b) and lin-

ear scanning (c, d) of oxide scale formed on the

9.8W alloy hot corrosion at 800 � at 8 h (a) and

(b) 2 h�4\P1Zo�Z��o"W�2Mo�2Nb�2Ta Z
2Ti ℄(#m��"TI	Go�>�Æ8#m�Z��L��"TI	GoDpZmQY!#m�Æ}0'-R��℄(Z�9℄(℄bNQ�IT

�d�
4 4%_℄(9MwZ#m�n?LWE�2Ta Z
2Nb ℄(
#mk�o?�?`# 9.8W ℄(^�Æ 2Mo Z 2Ti ℄(o#m?`!U�ih_℄(9MwZ#mi)�#m�U�f!W����℄(o�kQ�{W�2Mo Z 2Ti ℄(�H#mf�W% 9.8W℄(�//�xEh_℄(,�P�9MwZ�F�pdNU�f!Wo TiO2 Z MoO3 #m�p��-Æ�k℄()�o-�2�p�_#mi℄()�#m�b�WE�
#mk�o?��℄()�bN$�o#m�&=�DpZ'}oIT1W1y`�_℄(9MwZ#m[Bi)�#m�o%AZyNWE�
p#mk�o?F�#m�{(>�%'}e�'��Z�Q�>#mD<_Z!(6�#m>og�
p#mk�o?�Æ?��6,�9#m�Zo�1=%C4�8~�#m�o%Ae�C��U�fe�?��Z�Q�>Z Al�p�o�k|�s{�#m>U��?��0TI#m�Z���>�#m�Z��L�DpZ_~mQY!#m�oIT�

Zhangs [21]�℄(p,�9��12℄(ZÆ0|�z9�I�,� Al�Ti�Ta Z NbN�`s℄(9�CQQZbN γ′ M�-Æ�1℄(oGH#m���k Ti Z Nb ,�N�`s℄(9�CQQZbN�℄(12f�"So TCP ?TM�12℄(Z Ti Z Ta ,�N�0laWo6p|��g
Nb,�&12℄(Z/�,���Æ0ou℄|�z9%O/�U�9℄(�CQQZ�Mo�Al�Ti�TaZ Nb &?9J0�>)�Æ Co�W ,��19J0℄�/Z Nbo&?x_,�Z{y`o [22]��R℄(,� Al�Ti�Ta Z Nb CN��112℄(Z γ′ 9 γ ��℄o���~Z℄(o12f��gE_"`|�;�_℄(9H#ms5Zo,EyNb�WC~EY℄(p,��℄(�H#m�o�P���K-�℄(,�o�R9�pf1�ZbN�p�zs℄(Zo#m�p�8U�Z8~�g Ta Z Nb ,�9�CQQZy`&?zs* TaZ Nb >TI8oH#mp6��℄�Eh_,��12℄(H#mf�o�Pxh5��ou℄|��{^�℄(H#mf��PWO&℄(p,�Ui�℄(�CQQ��C�u"D�# 2 Z#m�n?L&℄M7℄��R℄(p,�o Co-Al-W℄(,Eb� (# 3 Z# 6) �?Z�;�O"��TEY,��℄(H#mf�o�PWO�&℄%|�M�U�
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Fig.5 Cross-sectional SEM micrographs and linear scanning of oxide scale formed on the 2Mo alloy hot corrosion

at 800 � for 2 h (a), 4 h (b), 8 h (c), 16 h (d) and (e) 20 h
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Fig.6 Cross-sectional SEM micrographs of oxide scale

formed on the 2Nb (a) 2Ta (b) and 2Ti (c) alloys

hot corrosion for 2 h at 800 �
5 �%

(1) 2Mo�2Nb�2Ta Z 2Ti ℄(& 9.8W ℄(M#?"86oGH#m��g Mo Z Ti ��1℄(�H#m�o�P# Ta Z Nb �
(2) 2Mo�2Nb�2Ta Z 2Ti o℄(#m�&��℄(�"TI	Go'>IT��0�℄(#mi"_imQY!#m�-R���
(3)�R,� Mo�Nb�TaZ Tii�Co-Al-W℄(#m�L�T>yN�H#m�(>h�� CoOZ Co3O4 yN�Z�Q�>�℄(,��Al�Co Z

W yNo(6�p<�
#mk�o?��,>g�e�?��,>Z Al o�p< Al2O3 �>U�f?��H#m�{�>h�� Co Z Al �p<y

N�
#mk�o?��℄(p,��p�o�k|�s,>g�'p/��":>
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EFFECT OF ALLOYING ELEMENTS TO HOT CORROSION

BEHAVIOR OF NOVEL Co-Al-W SUPERALLOY

XU Yangtao1,2, XIA Tiandong1,2, YAN Jianqiang1,2

(1. State Key Laboratory of Gansu Advanced Non-ferrous Metal Materials, Lanzhou University of Technology,

Lanzhou 730050;

2. Key Laboratory of Non-ferrous Metal Alloys, Ministry of Education�Lanzhou University of

Technology�Lanzhou 730050)

Abstract: Co-Al-W alloy is a kind of novel Co-based superalloy strengthened by ternary compound γ′-

Co3(Al,W) phase with the precipitation strengthening on γ-Co matrix. The paper studies the kinetic of hot

corrosion of Co-Al-W superalloy at 800� in 75% Na2SO4+25% NaCl molten salt and the effect on hot corrosion

behavior of Co-Al-W alloy with alloying elements of Mo, Nb, Ta and Ti. The results show that the alloy of

2Mo, 2Nb, 2Ta and 2Ti have the superior anti-hot corrosion ability compared to 9.8W alloy. The anti-hot

corrosion ability of Co-Al-W alloy with alloying elements Ta and Nb are inferior to Co-Al-W alloy adding Mo

and Ti elements. The hot corrosion oxide scale with alloying elements of Mo, Nb, Ta and Ti is still made up of

three layers, that is the external corrosion layer consists of Co oxide CoO and Co3O4, the intermediate mixed

oxides layer composed of complex oxide and nonuniform oxide layer of alloying elements, Co, Al, W and an

internal attacked layer with different compounds of Co, Al and O. With the increasing of corrosion times, the

intermediate mixed oxides layer becomes thicker, the thickness of internal and external layer almost has no

change, but compactness of internal layer is gradually increased.

Key words: Co-Al-W superalloys, alloying elements, hot corrosion


