
Francisco M. Braz Fernandes

Heat Treating of 
NiTi Shape Memory Alloys



Ni-Ti System

Ligas
ricas em Ti

Ligas
ricas em Ni

W. Tang, B. Sundman, R. Sandström, C. Qiu. Acta materialia 47 (1999) 3457-3468

Austenite
(B2)

Cubic

Martensite
(B19’)

Monoclinic

R-phase
(R)

Rhombohedral



-20 0 20 40 60 80 100 120 140
-500
-400
-300
-200
-100

0
100
200
300
400
500
600
700

H
ea

t F
lo

w
 (W

/g
) x

10
-3

Temperature (ºC)
-60 -40 -20 0 20 40 60 80

-300
-250
-200
-150
-100
-50

0
50

100
150
200
250
300

H
ea

t F
lo

w
 (W

/g
) x

10
-3

Temperature (ºC)
-60 -40 -20 0 20 40 60

-300
-250
-200
-150
-100
-50

0
50

100
150
200
250
300

H
ea

t F
lo

w
 (W

/g
) x

10
-3

Temperature (ºC)
-80 -60 -40 -20 0 20 40 60

-300
-250
-200
-150
-100
-50

0
50

100
150
200
250
300

H
ea

t F
lo

w
 (W

/g
) x

10
-3

Temperature (ºC)

AR 400C 450C 500C 550C 600C
-30
-15

0
15
30
45
60
75
90

105
120
135
150

Tr
an

sf
or

m
at

io
n 

Te
m

pe
ra

tu
re

 (º
C

)

Sample Condition
AR 400C 450C 500C 550C 600C

-60
-45
-30
-15

0
15
30
45
60
75
90

Tr
an

sf
or

m
at

io
n 

Te
m

pe
ra

tu
re

 (º
C

)

Sample Condition
AR 400C 450C 500C 550C 600C

-75
-60
-45
-30
-15

0
15
30
45
60

Tr
an

sf
or

m
at

io
n 

Te
m

pe
ra

tu
re

 (º
C

)

Sample Condition
AR 400C 450C 500C 550C 600C

-90
-75
-60
-45
-30
-15

0
15
30
45
60

Tr
an

sf
or

m
at

io
n 

Te
m

pe
ra

tu
re

 (º
C

)
Sample Condition

IncreasingIncreasing NiNi contentcontent

Heat treatments / chemical composition
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Functionally Graded Materials
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εε(N=1) (N=1) = = 0,610,61

Severe Plastic Deformation
ECAP (Equal Channel Angular Pressing)
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