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�©ÏL�«×£þ9©Û (DSC) {ÿÁ
² 4 GPa Øå?nc�, T8 g3\9L§¥���C§ÝÚ=C
�m, O�Ù�C-¹UÚ Avrami �ê, ¿(Ü7�|�*	,&?
 4 GPa Øå?né T8 g3\9L§¥��
�CÄåÆ�K�. (JL²: 4 GPa Øå?nU¦ T8 g|�¥/¤c¼N�§Ý�$§£Ä, �C�mÚ Avrami

�ê~�, �C-¹UO�, k|u/¤º�[��¬â, �éÙ�CÅn�K�Ø�.

'�c: pØ?n, T8 g, ���C

PACS: 62.50.−p, 81.05.Bx 64.70.kd

1 Ú ó

%�óäg�2�^u�E$����Aä
Ú{ü�eÀ�ä� [1]. ,
, ùag�|ß5�,
|�f, |»�7L:eâU|M, �3|»L§
¥4´u)C/Úm� [2−3]. Ïd,Jp%�óä
g�|M59~�C/Úm����9?nó�
ö¤­À [4,5]. ·�CÏ�ïÄ(Juy,T8 gÁ
�²pØ?n��¼�ê¼N|�, MÝ�p, �
Á�C/Úm�����, ù�¼�pMÝ�%�
óägJø
#å». duAä3��L§¥, 

AÚó�9��mr���Þ
�)��9, ¦

A�§Ý,p, �§Ý,p�½��, 
AÜ ò
u)���C, l
K�ÙåÆ5UÏd, k7�
é²pØ?n�� T8 g3\9L§¥����C
?1&?. 2ö, pØäkr?/ØÚ³�¬â�
���^ [6−8], æ^pØå5UõÜ7|�®¤�
ù�+��ïÄ9:, �ù
ïÄó�Ì�8¥3

pØA^3Ü7v�L§ [9−11]. du7áá��
|��ª�ûu���C, 
3Ù���CL§¥
�\pØåäk§Ý$, ö�{ü�`:. �d, �
©3 T8 g���CL§¥�\pØå?n, ¿&
?
pØ?nc� T8 g3\9L§¥���C�
Cz, ¤�(Jé´LpØ3gc+��A^Jø
�½��â.

2 ¢�á���{

¢�æ^ò»� T8 g, ÙzÆ¤© (�þ©
ê,%) � 0.78C, 0.32Si, 0.37Mn, 0.026S, 0.031P. p
Ø?n3 CS-IIB .8¡ºØÅþ?1, Ù�{�:
òº�� φ5 × 8 mm � T8 g�¬3 4 GPa Øåe
\9� 900 ◦C, �§ 10 min �, ä>�Øe%�¿
§. ò² 4 GPa Øå?nc���¬3 STA449C
9©Û¤þ?1�«×£þ9©Û, \9� 900 ◦C,
Ù,!ü§�Çþ©O� 5, 10 Ú 20 ◦C/min, ¿é
¤�� DSC Ì�?1©Û.
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^ Deloy � L � Å � § [12] log B =
log AE[RF (X)]−1 − 2.315 − 04567E(RT )−1, O�
� C - ¹ U (E). é u , � § Ý, d Ozawa �
§ [13] � ¼ � Avrami � ê (n), Ù L � ª n =
−d{ ln[− ln(1 − X)]}/d lnB, þ ã ü ª ¥, B �
,§�Ý, F (X) ��C¼ê, T �§Ý, R �í
N~ ê, A � ª Ç Ï f, X � Ü 7 � CNÈ ©
ê, � X �~ê�, log AE[RF (X)]−1 �~ê. ¿
^ Axiovert200MAT .1Æw�ºÚ H-800ß�>
º (TEM) é² 4 GPa Øå?nc� T8 g�w�|
�?1*	.

3 ¢�(J�©Û

3.1 www���|||���

ã 1 � 4 GPa Øå?nc� T8 g�7�|
�. �±wÑ, �©�Á��7�|��¾1N,
² 4 GPa Øå?n�Á��|��[, MÝ�p,
Ù�� HRC52. ² TEM *	 (ã 2) uy, ² 4 GPa
Øå?n� T8 g|�Ñyê¼N, �SÜ ��
Ý�p.

� � � � �
� � � � �� � �

� � �

ã 1 T8 g�7�|� (a) �©�; (b) 4 GPa ?n�

ã 2 4 GPa Øå?n� T8 g�ß�ì¡

3.2 DSC ­­­���©©©ÛÛÛ

ã 3 �² 4 GPa Øå?nc� T8 g3ØÓ,
§�Çe� DSC ­�. �±wÑ, 3ü«G� DSC
­�þ� 720—775 ◦C ��Sþk��á9¸. ²
©Û@�, DSC ­�þ�á9¸´d T8 g|�¥
/¤c¼N¤�. d 3 «,§�Ç� DSC ­�, �
¼� T8 g¥/¤c¼N�§Ý±9�C�m, �
L 1.

� � � �� � � ��� � � � � � �� � � � � � 	 � � � � � 
 � � �� � � � �� � � � �� � � 
 ��� � 
 �
 �� �����

 �� ����� � � � � � � 	 � � � � � 
 � � �

� � � � � � �
� � � � � � �

� � � � � �
� � � � � �

� � � � � � �
� � � � � � �

ã 3 ØÓG�e T8 g�,§ DSC ­�

196203-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 196203

L 1 ØÓ,§�Çec¼N�/¤§ÝÚ�m

,§�Ç m©§Ý /◦C ¸�§Ý /◦C (å§Ý /◦C �C�m /s

/(◦C/min) �©� 4 GPa �©� 4 GPa �©� 4 GPa �©� 4 GPa

5 724.71 722.81 738.84 737.62 759.42 756.12 416.52 399.72

10 727.34 726.78 743.45 742.83 764.92 762.04 225.48 211.56

20 731.08 730.64 751.31 749.78 772.31 768.89 123.69 114.75

dL 1 �±wÑ, c¼N�/¤´3��§Ý
��?1, \9�Ý�¯, c¼N�/¤§Ý�p,
=C¤I�m�á. 4 GPa Øå?nUü$c¼N
�/¤§Ý,  á=C�m. ± 5 ◦C/min �,§�
Ý�~, Ù=Cm©§Ý!(å§Ý9=C�m©
Oü$
 1.90 ◦C, 3.30 ◦C Ú 16.80 s.� �� �����

� �� �����
� � 	 
 � � 


� � 	 
 � � 
� 	 
 � � 

� 	 
 � � 


� � 	 
 � � 

� � 	 
 � � 
� � � � � � � � � � � � � � �

� � � � � � � � � � � � � � �
� � � ��� � �� � �� � �� � �

� � �� � �� � �� � �� � � � � � �
ã 4 ØÓG�e T8 g�ü§ DSC ­�

L 2 ØÓü§�Çec¼N©)�¸�§Ý

ü§�Ç /(◦C/min) �©� 4 GPa

5 696.34 694.12

10 685.95 683.33

20 676.31 674.78

dã 4 ��, 3ü«G� T8 g�ü§ DSC ­
�� 670—720 ◦C ��Sþk���9¸, T�9

¸´d T8 g|�¥c¼N©)¤�, �e%�Ý
�¯, c¼N©)§Ý�$, 3 «ü§�Çec¼N
©)�¸�§Ý�L 2. þã DSC ¢�(J`²,
T8 g3\9½e%L§¥þ�3�C�¢�y�.

c¼N�/¤�)¤ØÚ��L§, ´±�f
*ÑÚ��¬N:
�c¼N�¬N:
=£5
�¤, �c¼N¬Ø´3�.!¬.9 ��¬N
"�?/¤ [14]. 4 GPa Øå?nU¦Á��)pA
C, E¤¬�ÆCÚ|�SÜ ��ÝÚ.¡"�
Oõ, ù�c¼N¬Ø�/¤Jø�õ�|¤, �
��f*ÑJøk|�Ï�. 2ö, ¾1N´dc
�NÚ'%N (Fe3C) |¤, 
ê¼N´æ­(�,
´ C L�Ú� α �MN, �¾1N�', ê¼N3
c¼N�/¤L§¥~�
Ï¾1N¥ Fe3C �M
)ÚU|¤I��m. � 4 GPa Øå?n� T8 g
3\9L§¥/¤c¼N�§Ý� 4 GPa Øå?
nc T8 g/¤c¼N�§Ý$, �C�m� á.

3.3 ---¹¹¹UUU

l DSC ­��ÀJl 720 ◦C � 775 ◦C �m
�«m5ïÄ T8 g3\9L§¥���CÄå
Æ. d DSC ­�, ��Ñ² 4 GPa Øå?nc��
¬|�¥�CNÈ©ê�éA§Ý�'X­� (�
ã 5), �â¢�êâ�Ñ log B-T−1 ã (�ã 6), Ä
�¥��'X, d����Ç�¼��C-¹U,
Ù(J«uã 7. �±wÑ, 3ÐÏ�C-¹U�
p, ��CNÈ©ê�O\, -¹UÅìü$. ù¿
�X�Cm©�, c¼N/¤�Ñ�Uþ�õ, �
X�CL§�?1, c¼N/¤�Ñ�Uþ~�,
ù�U´3�CÐÏ#!1ü��¤©!(�Ú
Uþ�É�����. 4 GPa Øå?n�UC T8 g
¥����C-¹U��CNÈ©êCz�ª³,
�UO��C-¹U. Ù�Ï�U´² 4 GPa Øå
?n� T8 g|����Ý\�,NÈ~�, 
c¼
N��)äXê��, l
��² 4 GPa Øå?n
� T8 g3\9L§¥c¼N��¤É�{åO�,
¦��C-¹UO�.
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 � 	 � � 	 
 � 	 � �
	 
 � 	 � � 	 
 � 	 � �

�
 �� �
 �� �� � ���
�� � � � � � �� � � � � � �� � � � � � ��
 �� �
 �� �� � � � � � �
ã 5 ØÓ,§�Çe�C©ê�§Ý�'X

ã 6 �CNÈ©ê� 60%¤éA� log B � T−1

�'X

ã 7 �C-¹U��CNÈ©ê�'X

3.4 Avrami ���êêê n

d DSC ­ � � � Ñ ² 4 GPa Ø å ? n c
� � ¬ � − ln[− ln(1 − X)] � lnB � ' X ­
� (ã 8), �� − ln[− ln(1 − X)]-lnB Ä�¥�
�'X. d ln[− ln(1 − X)]-lnB ���Ç�O�
Ñ Avrami �ê n «uã 9. �±wÑ, ² 4 GPa
Øå?nc��¬¥c¼N/¤� n ��§Ý
�,p, �CNÈ©ê�O\
ü$. �'�e,
² 4 GPa Øå?n��¬� Avrami �ê n �u�
©��¬� Avrami �ê n.

ã 8 − ln[− ln(1 − X)] � ln B �'X (740 ◦C)

ã 9 Avrami �ê n �¤éA§Ý�'X

l Avrami �ê n 5w, 4 GPa Øå?nc�
�¬� Avrami �ê n þ�u 2, ùL²ü«G�
e T8 g¥c¼N�/¤L§´��/Ø�ÇÅì
~��¬â)��*Ñ�����)� [15,16], p
Ø?n�UC�C-¹U��CNÈ©êCz�
ª³, ��UC Avrami �ê n �§ÝCz�ª³.
�ä½ 4 GPa Øå?n¿�UC T8 g3\9L§
¥c¼N�/¤Ån.

ã 10 � ü « G� T8 g ² DSC (e � �
10 ◦C/min) ��7�|�. �±wÑ, ü«G� T8
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100 mm

100 mm

(a)

(b)

ã 10 ØÓ^�e T8 g�7�|� (a) �©� + DSC
(10 ◦C/min); (b) 4 GPa ?n� +DSC(10 ◦C/min)

g² DSC ��|�þ�¾1N. � DSC c�',
�©� T8 g² DSC ��|�ØC, =´² DSC
� T8 g¬âC�. ù´du�©� T8 g�ò»G
�, Ù�CL§¥�e%�Ý�ú, �é'�, DSC

Á��e%�Ý (10 ◦C/min) �����. 
 4 GPa
Øå?n T8 g² DSC ��|�u)UC, d DSC
c�ê¼NC�¾1N. dã 10 ��±wÑ, DSC
Á��, ² 4 GPa Øå?n�Á�|�¥�¬âº
�þ� 4 GPa Øå?ncÁ�|�¥�¬âº�
�, �¾1N�¡må�� 4 GPa Øå?ncÁ�
��. ù¿�X3�Ó\9^�e 4 GPa Øå?n
kÏu T8 g¼��[�|�(�. ÙÌ��Ï´
² 4 GPa Øå?n�Á�|�¥¬.Ú ��"
��õ, ù
"��#¬Ø�/¤Jø
k|Ü ,
�¦#��/Øê8Oõ. ,��¡, 4 GPa Øå
?n�Á���N�C§Ýü$, �C-¹UO�,
E¤�f�*Ñ{åO�, �f�*Ñ�Ý~ú,
\þ�C�mq á, ��/¤�#¬Øvkv

��m��, �ª/¤�¬âº���.

4 ( Ø

æ^�«×£þ9{UL� T8 g3\9L
§ ¥ �N� C, T8 g ² 4 GPa Ø å, 900 ◦C �
§ 10 min ?n�3\9L§¥Uü$c¼N�
/¤§ÝÚ Avrami �ê n,  á�C�m, O�=
C-¹U, k|u/¤[��|�(�, �éc¼
N�/¤Ån�K�Ø�.
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Abstract

The transformation temperatures and durations of solid state transformation in T8 steel before and after 4 GPa pressure treatment

are measured using differential scanning calorimetry, and the transformation activation energy and Avrami exponent are also calculate.

Then the effects of 4 GPa pressure treatment on solid state transformation kinetics in T8 Steel are investigated based on the kinetic

parameters and the observation of microstructure. The results show that the solid state transformation in T8 steel shifts toward the low

temperature region after 4 GPa pressure treatment. The high pressure treatment can reduce the phase transformation time and Avrami

exponent and enhance the phase transformation activation energy, which is favorable for refining the grains but has little effect on the

phase transformation mechanism.

Keywords: high pressure treatment, T8 Steel, solid state transformation

PACS: 62.50.−p, 81.05.Bx 64.70.kd

* Project supported by the Scientific Research Foundation for the Returned Overseas Chinese Scholars of Hebei Province.

† E-mail: Zhangrj@ysu.edu.cn

196203-6


