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Develop a o-T diagram for a
commercially significant NiTi
wire

Establish terminology
predictive of the mechanical
performance of medical
devices

Clarify several issues
pertaining to the
measurement and use of
transformation temperatures
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« Develop a o-T diagram for a
commercially significant NiTi
wire

» Establish terminology
predictive of the mechanical
performance of medical
devices

« Clarify several issues

>

Liquid Phase

pertaining to the Solid (Ice)
measurement and use of
transformation temperatures
611 Pa Mars

Vapor (Steam)

Hydrostatic Stress (compression)

\

0°C Temperature
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The Forward Transformation (toward Martensite) mapped by the
loading plateau™
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Stress (MPa)
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Stress (MPa)
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Determining whether the parent phase is Austenite or R
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* Four point resistance method run in an load-controlled, screw-based testing machine
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Forward transformation from Ato R
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DSC: (forward transformation in blue)
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(a)

Heat Flow

Temperature (°C)
Copyright 2017 Confluent Medical Technologies

19



CONFLUENT

o

(b)

Volume Fraction Martensite
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Moving on to the reverse transformation:
(Toward increased entropy)
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Unloading plateaus (Martensite reversion... not necessarily Austenite
formation)
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Heating under constant load
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Stress (MPa)
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Stress (MPa)
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Are in perfect agreement with DSC
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“Bend Free Recovery” agrees roughly, but not as well

Displacement (arbitrary)
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Compression/Tension creates inhomogeneous do/dT
Non-uniform deformation creates residual stresses

Two percent strain at the outer fiber might mean only less
than 5% volume fraction overall

No strain localization

Displacement (arbitrary)
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do/dT
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Stress (MPa)
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Loading mode affects Ae

Texture affects As

Ni content affects Ae and AS

Relative moduli of two phases affects Ae
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Stress (MPa)
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Heat Flow (mW/g)

(T-M,)(do/d]

A

i S

I

M | Q

[ Q

H

— 530°C / 4.5min - Baseline =
— Aged at 250°C / 15 hrs ! <|E
| =

| o

-150 -88 -25 38 10(

Temperature (°C)

Copyright 2017 Confluent Medical Technologies

Eng. Stress (MPa)

1,600

1,400

1,200

P
o
[=]
o

800

600

400

200

& CONFLUENT

//'
[/
/

7°C

7

11

Eng. Strain (%)

14



< CONFLUENT

, 1,400
R : /
M, p : 1,200 /
(T-M)(do/dT)ey — a i 1,000 //
Cy | =
~ | o
% / ! = 800
3> (T-T_)(do/dT) : 2
o ar
; ! ‘; 600
T | ! S
S !
8. \ 400
Q :
Q !
o 1
':( : 200
— 530°C / 4.5min - Baseline | :
| |§ : ~37°c
| | o : o
-150 -88 -25 38 100
0 4q 7 11 14

Temperature (°C)
Eng. Strain (%)

Copyright 2017 Confluent Medical Technologies



Stress (MPa)
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Stress (MPa)
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Stress (MPa)

& CONFLUENT

1000 .

900 ‘
800
Martensite |
700 PR e e e R P R e R el T et A Y . g B
600

500

400
300
200

body temperature

Austenite |

100 R-Phase

0
-150 -125 -100 -75 -50 -25 O 25 50 75 100

Temperature (°C)

47



& CONFLUENT

The R-phase rhombohedral angle contracts with continued
cooling:

e AS decreases and

 Acgincreases, so

e do/dT contracts with temperature
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Stress (MPa)
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Stress (MPa)
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Can one predict the transus slopes by measuring Q in a
DSC?
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Non-conservative contributions to Q prevent are minimal in the A-R
transformation
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Calculating do/dT from DSC fails even in the A-R case

Assuming Ag of 0.5% and AH~ Q=5 J/g:

(do/dT), = AH/TAe = 29 MPa/°C (versus 17 MPa actual)
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But if you really want a fast, non-destructive, accurate way to measure
the true A;, use resistivity.
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* A more useful and less ambiguous terminology has been

proposed: M* and R*

* A phase diagram was established for commercially relevant
superelastic wire in tension

 The diagram is well predicted by DSC
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