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1. Scope

1.1 This test methaod die fine s procedunes for desermining the
transformation temperatunes of micke Fitaniuvm shape memory
alloys, produced in acoordance with Spocification F20463, by
differential scanning calor imeiry.

1.2 The values stsied n S unis amre to be regaded =
atamdard. Mo ofher unis of mesurement are included in this
atamdard.
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2. Referenced Dascu e s

2.1 ASTM Stevrcends:”

ELTT Practice for Use of the Terms Precikion and Bias in
ASTM Tea Methods

EAT3 Termincksgy Belating to Thermal Analysis and Bhe-
alogy

E&%l Practice for Conducting an Derlaboraiory Study o
Determine the Preckion of a Test Medwed

EHT Test Method fior Temperature Calibsation of Differen-
tial Scanning Calorimeters and Differential Thermal Ana-
Iymers

EL142 Tarminology Relating to Thermophysical Propenies

FA00S Terminology for Nickel-Titanium Shape  Memory
Alloys

FA063 Specification  for Wrought Nickel-Titanium  Shape
Memory Alloys o Medical Devices and Surgical Im-
planis

FA0ER2 Test Method for Determination of Transformation
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Temperaure of Nickel-Tianium Shape Memory Alloys
by Bend and Free Becovery

3. Ternndmolagy

3.0 Specific technical terms wsed in this test method ane
found in Terminolegies EAT3, ELL42, and F2005.
4. Sumeary of Test Metlod

4.1 This west methed invoelves heating and cooling a fest
apecimen al a controlled rate in a comtrolled environment
thoough the emperatuse interval of the phase iransformation.
The difference in hest fow between the tes material and
reference makernal due i energy changes & continuously
monitoned and recorded. Absorption of energy due 1o a phase
transformation in the specimen resuls in an endotermic peak
on heating. Belease of energy due 1o a phase iransfoomation in
the specimen resulis in an exothermic peak on conling.

E. Significamee and Use

5.1 Differential scanning calorimetry poovides a rapid
miethod For determining the iransformation temperaluneds) of
nickel-titanium shape memony alloys.

52 This test method uses amall, siress-free, annealed
samples o determine whether a sample of nickeltitanium alloy
containing nominally 545 w 565 % nickel by weight is
auskenitic of manensitic sl a panicular lemperaiune. Since
chemical amalyiis of these alloys dos mel have sufficient
precision 1o determine the iransformation emperature by
measuring the nickeldo-ianum ratio of the alloy, direc
micasurement of the transformation temper atuse of an annealed
sample of known thernmal hisery is reoommendeod.

53 This test method B useful for quality comtrel, specifica-
Lo acosplance, and feseanch.

54 Transformation emperanres derived from differential
scanning calorimetry (SO may nod agree with those obtained
by odher test methods due 1o the effect of strain and load on the
transformation. Foo example, iransformation lemperatunes
measured in accordance with Test Method F20H2 will differ
from these messured by the current standasd.

55 The use of this test methoed for finished or semi-Anished
compsene s without annsaling das in 8.2 shall be agreod upon
ke een the purchaser and the supplicr
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. lnterfercnces

Bl Make sure the maerial 10 be desied B homogenoous
since milligram sample quantities ane used.

6.2 Take care in preparing the sample (1), Coiting and
erinding can cause localizad heating andfor deformation, that
affect the ransformation temperatuse. Oxidation during heat
incatment can change the thermal conductance of the sanple.

6.3 Betihe gas low o provide adequaike themal conductiv-
ity i the tea cell.

7. Apparalus

T Use a differential scanning calorimeter capable of heat-
ing and cooling ai rates up to [ECHin and of suiomatically
recording the differential energy input between the specimen
and the reference o the reguined sensitivity and precision.

1.2 Use sample capsules or pans composed of aluminum of
other inen makerial of high thermal conductivity.

T.3 Use helium gas purge supply. See 1031,

T Use an amalytical balance with a capacity of 100 mg
capable of weighing 1o the nearest 001 mg.

. Sampling

B.1 Use a sample size of 25 o 45 mg. Cut the sample o
maximize surface contact with the {DEC) sample pan.

£.2 Anneal the sample at 800 40 B50°C Tor 15 w0 &0 min in
vacuum or inerl aimoesphere, or in air with ade quate prodection
from codidation. Rapidly cod the sample to prevent precipila-
tion of phases that may change the transformation emperalune
aof the alloy., For example, bane 25-45 mg samphes can be air
aoled afier soluticn annealing.

£.3 Clean the sample of all foreign materials such & cutting
fuid. If the sample is eidized during heat weament, grind,
pelish, or eich the sample io remove the oxide. Take care o
avioid cold working the sample a5 this will change its themaal
respoise . Slight oxidation B pemissible but remove all heavy
oside acale.

Husat Flarw W)

13
iad
e fy, = —13°C
T I A . T
Temperatunz 7L
FIG. 1 DSC Curve for Nickel-Titanium (MiTI)
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4, Calibeation

9.1 Calibeae the temperatune axis of the nstrement using
the same heating rate, purge gas, and Aow rate as those used for
analyzing the apecimen in accordance with Test Meithod ESGT.

1k Procedure

1] Place the sample on the sample pan and place the pan
aon the test pedesial.

102 Place an emply pan on the neference pedestal .

103 Tum on the purge gas al a flow rate of 10 1o 50
m L.

13,1 Use helium as the purge gas for the sample chamber,

13,2 Use adry air, heliom, or nivogen oover gas. The dry
gas shall have a dew point below the lowest lemperaiure of the
cooling cycle.

104 Run the ceoling and heating peopram.

1041 Use the heating and cooling maes of 10 = 05%C/min.

1042 Heat the sample from room tempseraiune o a tem-
pemEmiure of ai least Ay + 30°C; hold at that temperaiure for a
time sufficient 1o equilibrake the sample with the fumace.

1043 Conl the sample 1o a temperatuse of below M, -
30FC; held for a time sufficient & equilibrate the sampke with
the fummace, Then, heat the samplke (o a temperatuse of at leasi
A+ 300C.

LS D Acepasigevi—Reoord the resulting cusve from the
heating and cooling program from Ay + 30°C 1w M, - 30°C.

11, Greaplical Data Roedwe ton

L1.1 Draw the baselines for the cooling and heating pontions
of the curve & shown in Fig. 1.

11.2 Dyaw the angenis 1o the conling and heating spikes
thaough the inflection poins as shown in Fig. 1. 1T a computer
program is used 1o constrect the Gangents, care must be taken in
locating the tanpen point.

[1.3 Ohiain M, Mg A and Ay as the graphical intersection
aof the baseline with the extension of the line of maxinum
inclination of the appropriste peak of te curve a5 shown in
Fig. 1. Ag & the peak minimum of the endothermic curve, and
M B the peak maximum of the exothermic curve. Read A and
M, directly from the graph as shown in Fig. 1.

12 Report

121 Reportthe following information with the test nesuhs:

1211 Complete dentification and description of the mate-
rial tested incliding the specification and lod numbers

1212 Deseription of the nstrument used fos the test

1213 Statement of mass, dimensions, and geometny.

12014 Material for the specimen pan and tenpersiune pao-
FUETII

12.1.5 Description of the temperatune calibration prooedure.

L2186 Mdemtification of the specimen environment by gas,
Ry rate, purity, and oomposition.

12.1.7 Besulis of the transformation measusrements using
the nomenclalure in accordance with Terminelogy F2005.
Temperaiure resuls should be e ponted 1o the nearest 19C.
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