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ABSTRACT The kinetic law of austenite grain growth in the X12CrMoWVNbN10–1–1 ferrite
heat–resistant steel, which has been used as the high and medium pressure rotor of ultra–supercritical
generating units, has been studied by quantitatively measurement of the austenite grain size after
austenitized from 1010 � to 1200 � with holding time from 5 to 1200 min. The results show that the
grain grows in a normal grain growth (NGG) mode when the austenitizing temperature is lower than

1050 �, and the homogeneous small grains can be obtained even the holding time reaches 1200 min.
When the austenitizing temperature lies between 1050 � and 1120 � with different holding time,
the abnormal grain growth (AGG) can be observed. At even higher temperature than 1150 �, the
austenite grains grow rapidly with a NGG mode. The austenitizing temperature and holding time are
thus determined for different austenize grain states, and the parameters in the NGG kinetic equation
are fit.
KEY WORDS austenite grain, abnormal grain growth, boundary migration activation energy,

ferrite heat–resistant steel
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�kGt�f�����|, dNC℄���fio;;D�X>f0Q,A [1]. &Bg 70 kY'v, jofz	Xfg*, ��.h��fz=i3Lf�q, ��>a��fJ�eF [2]. �7v�I=�C^R.-VE.h;NJ (ORNL) s�(#A%℄ (CE) 7=��>X)6f 9Cr1Mo(X10CrMoVNb91) a��, �)��k�v 9Cr ; 12Cr �f>f, "�k99f8|



n 12 t 50�g : X12CrMoWVNbN10–1–1 w^r_���Er
27V:
dH� 1447�>. �)�� 593 ���� 105 h Af�B�|"Ua 100 MPa, �>S{9 [3]. m.f COST501 eF [4,5] � 9Cr1Mo �fVK&|2ui W ��>6XYf;;D��'F49i X12CrMoWVNbN10–1–

1 y`ta��. |2i� 1%(%<ÆY) f W, vk
Mo 7<^�V9=y`t, 9=^ W �0f W–Mo �=&��H, X12CrMoWVNbN10–1–1y`ta���
30 MPaf[�zI�'?�=i�|"U 650 � [6−10].�.;;D��tUy(�, J�VK��, ℄��.\��$�Æ�{�;;D�zM�tX>=o,�ff6, [Cx'fzMX�'F49
)Y*	%. .d� X12CrMoWVNbN10–1–1 y`ta��V�>f�Gt�49X,J�TTT �&�CCT �&�LQ2A4����97>fi'Æ	<)�.�fJ�.;;D��'F49����Ff�zI�'9v�<, Q�x�2�M/AS 2—4 `f�~Gt�4. �42�N_!��	�, =�����>�6vk��`Ez_!f{X�9<, �jo���-f�w>{��=�9v��2Af��I~ [11]; �42XT%�~, N=�fQ>	i, ��=;/n#) [12]. dN�$x;;D��'F49�M/#_7, f�SD℄X2f��~fGt�4.��� X12CrMoWVNbN10–1–1 y`ta��	<�%~�|���%~7kfi�GtHM/, |2w<2MGt�4ET, )�J�;Æ��4f9X2A";�x,J.

1 aoOM;N,A X12CrMoWVNbN10–1–1 �	:�2�A�M/f�'F49X8�q;�, xHD=Æ (%<ÆY, %) � C 0.11, Si 0.08, Mn 0.41, P 0.008, S 0.004,

Cr 10.35, Mo 1.00, Ni 0.80, W 1.03, V 0.18, Al 0.02,

N 0.051, Nb 0.040, Fe p<. MPf"�>��� 1 j�, �'�"Vt�y`t>�, ."�,�Gt>� ([�p5��5mH�;y`t) ℄mH��4.

h 1 LO�FsGL.~e!�=�
Fig.1 Microstructure of a X12CrMoWVNbN10–1–1 steel

specimen before austenitizing treatment

u�� 20 mm, 9 10 mm fMP"oXw�|f[hMNHÆ�	<%~7kfi�GtHM/. GtH�|Æ�� 1010, 1030, 1050, 1070, 1090, 1120,

1150 ; 1200 �, ��7kO 5 min a 1200 min %i. -i^�:)%~�	$��'MPio)3Gt�4f��: (1)  uGtHM/AfMP$- J�,ÆA� 500 ��LQM/ 30 min A�8; (2) uGtHM/AfMPgH-� 700 �, �N�|���
30—40 h =Gt���ImH�;y`t, ÆA$- J�=3pfGt4��NGt>�, ?A�8MPio�')3. �8d [13] >=�: 100 mL H2O+2 g &�d +50 mL l|� 5%(%<ÆY) f5��VKd^�W +6 lGd. Gts��4ETf2w-i�&}r	, 2<�&9|� 100 mm, )3�a 5 �K4^&,��}r;YXo 200 �.

2 WTqPk�49XCX:�2A, O�����K, �49XN=;�Wfvk. �49XR��69X;69X:)�(. �4�9X2A'�C�4ET'��~, �495'��w, s��4ETs�	if[?C�6�49X[?; �6�49X2A'�419R�7k^℄$k&f%�~>, _MP')Y�4����ud%8�m��>9X [14,15].� 2 �MP�2%~�|�%~7kGtHM/Af�'�p. j�"o, MP� 1030 ��� 20 h GtHM/A�4ET��~ (� 2a), \Z�49X��69X2A; ℄� 1050 ��� 6 h GtHM/A)Æ�4�169X, 69XfX�4ET;2s��4ETf 5 �^& (� 2b), �i� 20 h A, X)Æ�69XAf�4, [��Fk)<2�4 (� 2c); ��
1070 �i� 3 h 7_I$69X$/ (� 2d), 15 hA2�4\�>), �49X[?,6�$��6�49X (� 2e); � 1090 �7i�M/ 2 h, �49X[?�69X (� 2f), �� 12 h A�2�4V�04, �49X�
���69X[? (� 2g); � 1120 �7i�M/ 2 h, f)3a�4R�69X$/, [�4ETf%�~>{ 1090�7kjn� (� 2h); GtH�|�
1150 �7, Qk)3a�4f69X, �4^{'fbL�69X (� 2i); � 1200 ���297k (20 h) i�GtHM/A, �4ET�~, x9X[?��69X (� 2j).� 3 �I>%~�|�Gt�4fETsGtHM/7k�kf(�. j�"o, ℄i��|� 1050—

1120 ��k7Gt�49Xfz6D�&>Z"f S8, "�6�49Xz6Dp�, R�Z"f�469Xf�vv [14]; � 1010 ; 1030 �7, �49XfbL{k, ���69X[?; �� 1150 ; 1200 �7, �



�1448 ��Q�A�� n 45 �

h 2 Æ1$}�{�$}6j�FsGL.�e�Fs�3
Fig.2 Austenite grain size after austenizing treatment at different temperatures with different times

(a) 1030 �, 20 h (b) 1050 �, 6 h (c) 1050 �, 20 h (d) 1070 �, 3 h (e) 1070 �, 15 h

(f) 1090 �, 2 h (g) 1090 �, 12 h (h) 1120 �, 2 h (i) 1150 �, 1 h (j) 1200 �, 20 h



n 12 t 50�g : X12CrMoWVNbN10–1–1 w^r_���Er
27V:
dH� 1449�4^�6[?9X, �9XbLZ"�oxk{k�|7fbL.�'f V, Nb =�w`s C, N �="9=
MX(M=V T Nb, X=C T N) 8H=�, |2 JMat-

Pro�qeeI X12CrMoWVNbN10–1–1�'MX8H=�f�
���|� 1220 ��l. jo MX 8H=�B�p�'49U!Æ'oVt', ��|ko49���|7, �4U!49�Gt��f[z�k<	Bi, T<�u
�Bi, N7�4^�6[?9X, ���49X�6JO [16]. dN, Gt�4� 1010 ;
1030 �C^>kf19bL
�6[?9X. ℄�|2�a 1050—1120 �, p�'49)Æ��, x��49Xf<6�v, X4X�4�xk�4%f9Xfvq�9X, kTf19aB%O$k%$, �$�6�49X. �|f�2�;2 1150 �A, U!'49V�
)��, �4joQkp�'49f<^, x9X2A�'bf�6�49X [15].J� [17] �Z�6�49X2A'�4ETÆ'
(size distribution function, m< SDF) �O�Y�lÆ'. � 4 CMP� 1070 �%~7ki�GtM/Af�4ETÆ'�. j�"o, ℄M/7k� 2 h 7, �4ET>�lÆ' (� 4a); ℄M/7k� 3 ; 12 h 7, �4Æ'�I$Z�$/ (� 4b ; c), �Z�4ETfÆ'I$:[ÆH, �469X; �M/7k� 15 h 7,�4f19[?,64���6[? (� 4d). � 4 'f�4ET�e�0s� 2 'MPf�'>�'�.� 5 �I>%~�|�ff�>I$�469X;69X�Wf7k. "u� 5 Æ� ��u: �6�49Xf�~P�� (�u A)�6�49XfO��
(�u B) ;�6�49Xf�~��� (�u C). �u
B ; C fy�&'℄o6�49Xf�>&, �f7k�6�49Xf�vv, ��u A ; B fy�&'℄o6�49Xf(>&. 6�49Xf�vvg�
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Fig.3 Average austenite grain size vs holding time in

X12CrMoWVNbN10–1–1 steel austenitized at differ-

ent temperatures

|f2��h}, ~76�49X(>7kSh}.�6�49Xz6D�AX��= [18]

D̄
n
t − D̄

n
0 = K · t?', D̄0 �?w�|�(�fy>s��4��, D̄t �
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Fig.4 Austenite grain size distribution after austenitize at

1070 � for 2 h (a), 3 h (b), 12 h (c) and 20 h (d)
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h 5 X12CrMoWVNbN10–1–1 �h��Fs�58Wrb5�38W�t
Fig.5 Normal and abnormal grain growth zones of isother-

mal austeniting in X12CrMoWVNbN10–1–1 steelG 1 �5�38Wy5C
�eg</X
Table 1 Fit parameters in the kinetic equation of normal

grain growth

Temperature, � n K D̄0, µm

1010 4.44988 2340.1 12.87

1030 4.21522 2387.5 15.50

1050 3.92269 2478.2 17.33

1150 2.48619 19834.9 25.1

1200 2.48339 25485.8 30.3

t 7#fs��4��, K �6Y, n ��Y. ℄�S'R�<	��}[fd` (�U!p�'49��%i) 7,�Y, n 6Xo 2.�%~GtH�|;i�7k�Gts��4ET (o� 3), h=S X12CrMoWVNbN10–1–1 ��6�49Xfz6D�A0Y, o� 1. jop�'49fR�, n >2, [�Y n g6�|f2��v, xdC
MX 8H=�g6�|2�/rPHT��, =x<	�49Xf30�v, �Y K ;G>�4ET D̄0 �g�|f2��	X.

3 W℄
(1) ℄GtH�|ko 1050 �7, �49X�$��69X2A, � 1050 �i�M/ 20 h A, �4�f�C�~�2; � 1050—1120 ��ki�7, g6i�7kf%~I$Gt�4f69X�k; ℄GtH�|�o 1150 �7, Gt�4^�6[?'b9X.

(2)��Gt�45lsGtHi��|;i�7kf(�, "^S�ff%~�u (� 5): �6�49Xf�~P���6�49XfO��;�6�49Xf�~���. Gt�4��69X7, %~�4ETfI$qL�=�Y�lÆ'; �O�7NI$Z�$/.

(3) Gt�4f�69X�=z6D�A D̄n
t −

D̄n
0 = K · t, x�Y n >2, �g6�|f2��v, xdCÆ� MX 8m/ZH=�fR�u
��, <	�49

X, [Cg6�|2�jox/rPH;��, =x<	�49Xf30�v, �Y K ;G>�4ET D̄0 �g�|f2��iX.HZjl
[1] Hu P. Electr Power Constr, 2005; 26(6): 26

(C r. s5s+, 2005; 26 (6): 26)

[2] Masluyama F. ISIJ Int, 2001; 41: 612

[3] Bose S C, Singh K, Ray A K, Ghosh R N. Mater Sci Eng,

2008; A476: 257

[4] Sikka V K. In: Davies J W, Michel D J eds., Proc Top-

ical Conf on Ferritic Alloys for Use in Nuclear Energy

Technologies, Littleton: AIME, 1984: 317

[5] Cerjak H, Letofsky E, Staubli M. In: Lecomte–Beckers

J, Schubert F, Ennis P J eds., Proc 6th Liège Conf on
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