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Table II. Temperature and strain rate conditions of the torsion tests carried out on pure Ni, 
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Table III. Strain rate sensitivity values of the Ni-0.01Nb alloy�

�%�	���	�8C 9� %��8��
���	��9� %��8����!��������	��9�

.22� 2�4/$� 2�443�

@22� 2�4@2� 2�43��

4222� 2�4/0� 2�430�

*�	�#� 2�4D$� 2�4$3�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�



� −�D�−�

�

�

�

�
Figure 1. Torsion stress-strain curves of alloy Ni-0.01Nb 
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Figure 2. Strain rate dependence of the flow stress of alloy Ni-0.01Nb 

(triangles: peak stress; circles: steady state stress) 
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Figure 3.�Temperature dependence of the flow stress of alloy Ni-0.01Nb 
(triangles: peak stress; circles: steady state stress)�

�

�

�

�

�

2 4 6 8 2 40.1
Strain Rate (s-1)

2

3

4

5

6

7

8

9

2

100
S

tre
ss

 (
M

P
a)

Ni-0.01 Nb

800 °C

900 °C

1000 °C

7.5E-4 8.0E-4 8.5E-4 9.0E-4 9.5E-4
1/T

2

3

5

2

3

5

10

100

1000

Fl
ow

 S
tre

ss
 (M

P
a)

Ni-0.01Nb
   0.1 s-1



� −�@�−�

...�,����$'%���������

�

� *���	���#� ��� ��� -�1-"� ����� ���#	�%� 8�� '�#�	� D9�� ���"��%� 	%�����

���	�!�����������������������������������#�����%�	���	�	��#��*��E���������

�������	����������%������#�	��������	���	����
���	����-�14-"�8'�#�	�39��'�	�

������������.22�C �����2�4��−4�������
��������	���σ��H�420�������	�-����.������
��	� -�14-"� ���� 0./� ���� ��	� -�142-"�� '�	� ����� 	������ ��� ��	� ����� ��	��� ���

.22�C �� ��� ���� ��� ����� ��� @22�C −2�$��−4�� �	� ��#���������!� �������"!� ���1�����#�
8�	����	�����������%�������������		��"��	����������������������������9��

J��	��������	�����#����������������!������
��������	���������	��	�������	���

�

� ��� ���"�� ��#�	���%��� ��	��1��	���� 	��� ����� ��� ������ ��� '�#�	�0�� ���

���������� ������ ������ ��	���� 	��� ���������!� ��	�%�	�� %�� 8��
� ��	��9� ���� %��

8����!� ����� ��	��9� �	� 	��	������ ��"��:<��:�������	������ ���������%�����	����

��	��#�!�������%�	���	���������	�%������	�����������"�������

�

� ��� �� 4F�σ − � ��������� 42�4 �−ε =� � �	� ���������'�#�	�/����
��������	������

��������� ������ ����� �	� 	%�	
�"�!� ���#�����	� "����σ�� ����σ��� �����%���� �#����
��������
�������%�I�� ����%�I�� �	���������� 8������������������%�	���	9��*�

�����������������I����	��#�!���	������������	����#��%�	���	�8��"��:<9��

�

�

�

Table IV. Strain rate sensitivity and apparent activation energy (at 0.1 s−1) values for the 
peak stress (mM, QM) and the steady state flow stress (mS, QS) of the Ni-10Nb alloy 
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Figure 4. Torsion stress-strain curves of alloy Ni-10Nb (crosses mean fracture) 
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Figure 5. Strain rate dependence of the flow stress of alloy Ni-10Nb 

(triangles: peak stress; circles: steady state stress) 
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Figure 6. Temperature dependence of the flow stress of alloy Ni-10Nb 

(triangles: peak stress; circles: steady state stress) 
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Figure 7. Ni rich part of the Ni-Nb phase diagram 
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Figure 8. Torque-twist curves of alloy Ni-15Nb (the star means fracture) 
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Figure 9.�Example showing how the YLJ equation (broken lines) fits the first part (i.e., 

before the onset of DRX) of the experimental stress-strain curves (dotted lines)��
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Figure 10a. Strain rate dependence of 
σ∞� for pure nickel and the four alloys 
Ni-0.01Nb, Ni-0.1Nb, Ni-1Nb, Ni-10Nb�
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Figure 10b. Strain rate dependence of r�
for pure nickel and the four alloys Ni-
0.01Nb, Ni-0.1Nb, Ni-1Nb, Ni-10Nb�
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Figure 10c. Temperature dependence of 
σ∞� for pure nickel and the four alloys Ni-
0.01Nb, Ni-0.1Nb, Ni-1Nb, Ni-10Nb�
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Figure 10d. Temperature dependence of 
r� for pure nickel and the four alloys Ni-
0.01Nb, Ni-0.1Nb, Ni-1Nb, Ni-10Nb�
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Table VI. Temperature dependence parameters associated with σ∞ and r 
(brackets indicate estimated values) 
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Figure 11. Diagram showing the h and r values of the five materials investigated 
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Figure 12. Diagram showing the relationship between steady state flow stress and average 
grain size. Optical microscopy (OM) and EBSD data. The broken line fits the whole set of OM 

data. 
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(OM: optical microscopy) 
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Figure 13. Influence of niobium content on the peak and steady state flow stresses of pure 

nickel and the Ni-Nb alloys at various temperatures and a strain rate of 0.1 s−1 
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Figure 14. Influence of the solute niobium content on mQ, m and Q 

(M: peak stress; S: steady state stress) 
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Figure 15. Dilatometry measurements carried out on pure nickel at 800 °C and on alloy Ni-15Nb at 
1000, 900, 800, and 700 °C 
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