
��� ������	
����� �������� ���� ���

�������	
 ���CCCT������ ��� �������� ��� ����� �

���� �� ��� �� � ��! ���" NiCrMoV 

#�����$ �%�*&'��( �)*
 +�,- **&#��
�.	� �/��"***&��$�� �%�*

'0�1
�����"&#�2)3� ��. 3 '�41
�� 

#�2)3� �5���6 ���� 7	�*" 

)����� ����  :"/�$/��%&'( ����  )���( �:*+/�/,�(

'0�89:������ �� 	
�� ��� ��CCCT 	
����� 	� � ���� ������ �������  !���" #	����$ �%���� ��& �� �� �" �'( � �'���( %'"�
 ������CCT)�������  �"���" ��%( (	+����%.-�� .��/0� �12 ���3�"Md�Bd�������  �4� 5� '� �'���( ���6��
�'� � ��%.
����( � � ������ 	��� -���� .��/0� 72�( .�  	� ��� ���� ��������  -�8 � 	
����� �� ��5� -6��� ."� ���' 9:� � �	'� ��'�

 ��� ;"��0 � <�( -�"�� �� 	
����� =��� ���� .�(�	'��> 	'( �������  -�� �>� 	� ��� ?@� ���6��
�� -�8�� 	'� ��'� A�'@��� -�
 �� B������ 	��� ���� ���C �� #%(�� .��/0� !%� D��2� �������  �E� �( 	�
�� ������ -�" 	
����� -��( B5< F�( !�> �'����( � ��/� �� -�"

 � G��H ��@� 	( �I
 � ���>Md�Bd� ."�� %(�� .>� �
� ��0 #�������  5� %J( �� ��& �� �#%'��( ���'K�( �'�� �(��5�( �� �%L��1:  %��
�C�� 	��� ���� �� �� � !%� B�� �" 	
����� -��( B5< F�( !�> �&�� �����(� � /� �� -�" �' G��H �  � ��'�>Md�Bd�' .��/'0� %'(�� .

������ �� �����( 	M�� 	� %� ?@� 	
�� ��� �� ���3�"CCCT 	( �:+� CCT � ����� NO ��� 	( � ���� ��� 	� ��� 	���P %"�
����( 5�0 ��5�&�� �� G��H ��/� �� 5� �  ���> .

#�;5���0�<= : CCCT #CCT�����( #��/� �� #B�> �������  #

*%.�	 /�0��1 **% ���	 ***%�� ���	 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
85

.2
5.

1.
10

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-0

7-
03

 ]
 

                             1 / 17

https://dorl.net/dor/20.1001.1.22287698.1385.25.1.10.0
https://iutjournals.iut.ac.ir/jcme/article-1-381-en.html


��� ������	
����� �������� ���� �23

Drawing CCCT Diagrams and Investigation of Deformation Effects on 
Martensite and Bainite Trabsformations in NiCrMoV Steel 

 

R. Taherian, A. Najafi Zadeh, M. Shamanian, R. Shateri 
Department of Materials Engineering, Isfahan University of Technology 

Isfahan Alloy steel complex 
 

Abstract: In this study, two CCCT diagrams are drawn to be compared with a CCT diagram. The CCCT diagrams 
represent continuous cooling transformations in stress assisted state. The increased Md and Bd temperatures of 
CCCT diagrams were also compared with those of the CCT diagrams and the cause was investigated from both 
thermodynamic and metallurgical viewpoints. Thermodynamic examinations revealed that stress causes the 
mechanical driving force to increase but the total free energy of transformation to decrease; hence, Md and Bd will 
rise. Metallurgical investigations showed that if deformation temperatures are selected in a manner to increase the 
structural strength of the original austenite grains prior to deformation, the shear force required for martensite and 
bainite transformations will arduously obtain; hence, Md and Bd will fall. However, if recrystallization or full 
recovery occurs during or after deformation, interior grain structure softens and the shear force required for 
martensite and bainite transformations will readily obtain; hence, Md and Bd will rise. It was also found that the nose 
in CCCT curves are shifted to the left as compared to that of CCT curves. This indicates that deformation of steel 
enhances bainite formation more readily than that of the martensite phase. 

Keywords: CCCT, CCT, Hot deformation, Martensite, Bainite. 
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