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Glossary 

The following technical terms and their definitions are essential for understanding Nitinol and the concepts 

presented in this document. For an extensive list of standard terminology it is recommended to reference 

ASTM F2005 ï Standard Terminology for Nickel-Titanium Shape Memory Alloys. 

Active austenite finish temperature (Active Af) ï term for austenite finish temperature of raw wire, tube, 

sheet or semi-finished component as determined by bend and free recovery (BFR) test method described 

in ASTM F2082. The active Af is often preferred when specifying thermal properties of a component as it is 

more representative of performance in application. 

Austenite ï the high temperature parent phase of the Nitinol alloy having a B2 crystal structure. 

Austenite finish temperature (Af) ï the temperature at which martensite (or R-phase) to austenite 

transformation is completed on heating of the alloy. 

Austenite peak temperature (Ap) ï the temperature of the endothermic peak position on the differential 

scanning calorimetry (DSC) curve upon heating for the martensite (or R-phase) to austenite transformation. 

Austenite start temperature (As) ï the temperature at which the martensite (or R-phase) to austenite 

transformation begins on heating of the alloy. 

Free recovery ï unconstrained motion of a shape memory alloy upon heating and transformation to austenite 

after deformation in a lower temperature phase. 

Lower plateau strength/stress (LPS) ï the stress measured at 2.5 % strain during tensile unloading of the 

sample, after loading to 6 % strain per the method described in ASTM F2516. 

Martensite ï the lowest temperature phase in Nitinol shape memory alloys with a B19ô (B19 prime) monoclinic 

crystal structure. 

Martensite deformation temperature (Md) ï the highest temperature at which martensite will form from the 

austenite phase in response to an applied stress. At temperature above Md the Nitinol shape memory alloy 

will not exhibit superelasticity it will rather exhibit a typical elastic-plastic behavior when loaded. 

Martensite finish temperature (Mf) ï the temperature at which the transformation of martensite from 

austenite (or R-phase) is completed on cooling of the alloy. 

Martensite peak temperature (Mp) ï the temperature of the exothermic peak position on the DSC curve upon 

cooling for the austenite (or R-phase) to martensite transformation. 

Martensite start temperature (Ms) ï the temperature at which the transformation from austenite (or R-phase) 

to martensite begins on cooling of the alloy. 

Pseudoelasticity ï another name for superelasticity. See superelasticity. 

R-phase ï the intermediate phase which may form between austenite and martensite. The R-phase occurs in 

Nitinol alloys under certain conditions. The R-phase has a rhombohedral crystal structure. 

R-phase finish temperature (Rf) ï the temperature at which the transformation from austenite to R-phase is 

completed on cooling; in an alloy that exhibits two-stage transformation. 
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R-phase peak temperature (Rp) ï the temperature of the exothermic peak position on the DSC curve upon 

cooling for the austenite to R-phase transformation. 

R-phase start temperature (Rs) ï the temperature at which the transformation from austenite to R-phase 

begins on cooling; in an alloy that exhibits two-stage transformation. 

Rô-phase finish temperature (Rôf) ï the temperature at which the martensite to R-phase transformation is 

completed on heating of an alloy that exhibits two-stage transformation. 

Rô-phase peak temperature (Rôp) ï the temperature of the endothermic peak position on the DSC curve upon 

heating for the martensite to R-phase transformation. 

Rô-phase start temperature (Rôs) ï the temperature at which the transformation from martensite to R-phase 

transformation begins on heating of an alloy that exhibits two-stage transformation. 

Residual elongation (Elr) ï the percent strain measured after tensile loading to 6 % strain and unloading to 7 

MPa per ASTM 2516. 

Superelasticity ï nonlinear recoverable deformation behavior of Nitinol shape memory alloys that occurs at 

temperatures above Af but below Md. 

Uniform elongation (Elu) ï the percent elongation (or strain) determined at the maximum force sustained by 

the test sample prior to necking, or fracture, or both upon tensile loading per ASTM 2516. 

Upper plateau strength/stress (UPS) ï the stress measured at 3 % strain during tensile loading of the 

sample per the method described in ASTM F2516.  
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Section 1 ï Key Concepts 

Nitinol is a special type of alloy known as a Shape Memory Alloy (SMA) that is composed of near equiatomic 

Nickel and Titanium (i.e. 50:50 at% Ni and Ti). Nitinol exhibits excellent superelastic and shape memory 

properties as well as biocompatibility. The first medical device application was orthodontic archwires in the early 

1970ôs with many other devices being introduced to the market following the approval of the Mitek suture anchor 

device by the US Food and Drug Administration in 1989. Nitinol has since become a staple in the cardiovascular, 

neurovascular, endovascular, peripheralvascular, orthopedic, spinal, urology and dental arenas with applications 

ranging from neurovascular stents and heart valve frames to orthopedic staples and single-use suture passers. 

  

  

Nitinol is an essential material in the medical device engineerôs toolbox however, traditional material properties, 

design concepts, and manufacturing processes are often no longer applicable. Much experience in working with 

the alloy is required before the necessary engineering-know-how is obtained to bring a device from initial 

conception to final release. The main purpose of this document is provide a reference for companies and 

engineers new to Nitinol alloys with the main goal of expediting the learning process. Many concepts used every 

day by our engineers at Memry will be introduced herein, including: 

o Basic metallurgy; 

o Mechanical and thermal properties; 

o ASTM standards for the alloy and material testing; 

o Common manufacturing processes; and  

o Nitinol specific design considerations. 
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1.1 Phase Transformations - Austenite  ź Martensite 

In order to understand how shape memory alloys work you must first grasp the concept of phase transformations. 

The unique shape memory and superelastic properties of Nitinol result from reversible solid-state phase 

transformations that occur when the material is subject to external stimuli such as a change in temperature or 

applied stress. A phase transformation induced by a change in temperature is the mechanism responsible for 

the shape memory property while transformation induced by stress is the mechanism responsible for the 

superelastic property (see section 1.3). This diffusionless martensitic transformation occurs between the parent 

B2 austenite phase and the B19ô martensitic phase. 

 

Martensitic transformation is defined as a shear/shuffle of the crystal lattice that takes place due to a change in 

the thermodynamic stability of the system. The revisable martensitic phase transformation that occurs in Nitinol 

is accommodated through twinning of the crystal lattice. Unlike during martensitic transformations in steel alloys, 

which is accommodated by irreversible dislocation motion (i.e. slip), twinning in Nitinol is reversible. This concept 

is visualized below where in reversible twinning, the lattice planes shift by less than one unit cell and still maintain 

correspondence with the parent lattice structure. 

  

  

Nitinol IQ 

In Nitinol the diffusionless transformation is 

an instantaneous distortion in the crystal 

lattice (B2źB19ô) that occurs at the speed of 

sound; often referred to as a military 

transformation. 

In contrast, diffusion based phase 
transformations, as common in steel alloys, 
requires the diffusion of atoms over relatively 
long distances. Diffusion requires heating the 
alloy at a high temperature for extended 
periods of time. 

 

Nitinol IQ 

A common example of a phase transformation 
is the melting of ice and solidification of water 
above and below 0 °C, respectively. 

Similarly, the different Nitinol phases are 
thermodynamically stable at different 
temperatures. Two main differences when 
compared to the water example include: i) all 
phase changes occur in the solid state and ii) 
the phase transition temperatures are different 
upon cooling compared to heating (i.e. 
hysteresis exists, see section 1.4). 
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1.1.1 The R-Phase 

Intermediate phases are sometimes present that are stable at temperatures or stresses between the B2, 

austenite and B19ô, martensite phases. A phase known as R-phase, having a rhombohedral crystal structure, is 

the most common of these phases; especially when considering traditional binary NiTi Nitinol alloys. The R-

phase is an intermediate martensitic phase that competes with the B19ô martensite phase transformation that 

occurs in Nitinol materials that have high dislocation density (i.e. cold worked), Ni-rich precipitates (i.e. heat 

treated), or in some ternary alloys. Dislocations in the crystal structure as well as Ni-rich precipitates all resist 

large strains in the crystal lattice. Since the R-phase transformation requires much less straining of the lattice it 

is therefore thermodynamically favorable to occur between the austenite and martensite phases in these cases. 
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1.2 Identifying Transformation Temperatures 

1.2.1 Differential Scanning Calorimetry (DSC) 

Differential scanning calorimetry (DSC) is the 

thermoanalytical technique used to characterize the phase 

transformation behavior of Nitinol shape memory alloys. 

The DSC method produces a curve through measuring the 

amount of heat given off (i.e. exothermic) or absorbed (i.e. 

endothermic) by a sample as it is cooled and heated 

through its phase transformations. The DSC test yields 

extremely repeatable curves where tangents are used to 

identify the start, finish and peak temperatures of each of 

the phases present in a particular component/alloy.   

The DSC technique is most commonly used to characterize 

wrought Nitinol materials or ingot per ASTM F2063. When 

Nitinol is in the fully annealed state, the Ni:Ti ratio of the 

alloy can be confirmed based on the transformation 

temperatures as a form of quality control. In the fully 

annealed state Nitinol will exhibit single-stage 

transformations between austenite and martensite. If the 

material is however processed further, for example, cold 

worked and aged (i.e. heat treated) a two-stage 

transformation will be identified through DSC where R-

phase is present. 

 

  

ASTM F2004 ï Standard Test Method for Transformation Temperature of Nickel-Titanium Alloys 

by Thermal Analysis
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Design Considerations 

o The As temperature provided on certificate of 
conformance for a wrought Nitinol product will 
have been determined using DSC testing 

o The DSC technique can also be used to test 
raw materials or finished components where 
BFR is not feasible or practical; for example, a 
complex braided device 

o Due to the thermomechanical processing 
necessary to manufacture superelastic net-
shape raw materials and/or final components, 
R-phase is usually present (i.e. two-stage 
transformation) 

 

Nitinol IQ 

The DSC curve is very useful when developing 
thermomechanical manufacturing processes. Much 
can be learned from the curves, for example; 

o Shallow wider peaks indicates more cold work 
in the material, 

o Aging heat treatments used to tune the Af 

temperature and superelastic plateau stresses 
can optimized through visualizing changes in 
Ap, and 

o The area under a peak is the heat of 
transformation and is related to the volume of 
material changing phases. 
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1.2.2 Bend and Free Recovery (BFR) 

The bend and free recovery (BFR) test is used to determine the Active Af temperature of a net-shape raw material 

product (i.e. wire, tube, sheet, rod, etc.) or finished component. In this test the Nitinol sample is cooled to below 

the Mf temperature and then deformed in a controlled fashion. Upon heating the sample through the austenite 

(and R-phase) transformation temperatures the sample will recover its original shape (i.e. free recovery). The 

displacement measured by means of a linear or rotary variable differential transducer (LVDT/RVDT) is then 

plotted against temperature. Tangents are then taken from the curve to determine the active transformation 

temperatures.  

 

Schematics of the vertically mounted LVDT and rotary RVDT BFR methods are provided below as presented in 

ASTM F2082.  Non-contact methods can also be used where a vision system tracks strain, but these systems 

are less common. BFR testing is typically used to characterize the austenite finish temperature, Af of net-shape 

raw materials and finished components wherever possible and will appear on the certificates of compliance. 

However, drawbacks to this type of test include lack of martensite phase characterization and difficulty 

accommodating complex geometries. DSC testing is therefore sometimes still necessary.      

 

  

ASTM F2082 ï Standard Test Method for Determination of Transformation Temperature of Nickel-

Titanium Shape Memory Alloys by Bend and Free Recovery 

Vertically mounted LVDT set-up  Top view of RVDT set-up  [ASTM F2082] 

Typical BFR curve 

showing two-stage 

transformation 

[ASTM F2082] 

Nitinol IQ 

Depending on previous processing history 
stress on the sample/component can shift 
the transformation temperatures to lower 
temperatures. For this reason BFR is 
considered to better represent the 
transformation temperatures experienced 
in application. 

The active Af temperature measured via 
BFR testing is usually found to be lower 
than the Af determined through DSC 
testing. The active Af can be up to 15 °C 
lower. 
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1.3 Functional Properties of Nitinol 

The functional properties of Nitinol originate from the thermomechanical response of the material. The 

thermomechanical response can be differentiated into two different functional properties depending on whether 

the austenite ź martensite phase transformation is induced thermally or by applied stress. Thermally induced 

transformation enables the shape memory effect while the stress induced transformation leads to superelasticity.  

A common misconception is that superelastic and shape memory responses are unrelated. In fact, the response 

simply depends on the transformation temperature of the Nitinol component coupled with the application (or test) 

temperature. Below the Mf temperature the Nitinol alloy will exhibit shape memory while above the Af temperature 

the Nitinol material will exhibit superelasticity. This concept is critical when designing a Nitinol device and further 

highlights the importance of identifying the final phase transformation temperatures of a component through DSC 

and/or BFR testing; described in the prevision section. 
1.3.1 Superelasticity 

If a stress is applied to a Nitinol component, at a temperature 

above Af, the austenite phase will be converted to stress 

induced martensite (SIM) resulting in a superelastic response. 

Superelastic behavior of Nitinol is usually characterized 

through cyclic tensile testing per ASTM F2516. 

A typical cyclic tensile curve for superelastic Nitinol can be 

broken into several different segments. During initial loading 

the austenite phase exhibits typical elastic deformation (A Ÿ 

B) up until the UPS is reached. Once the UPS has been 

reached an isostress condition is observed (B Ÿ C) as the 

cubic austenite structure shears into detwinned SIM, followed 

by the elastic deformation of the detwinned SIM structure (C 

Ÿ D). Just as for the thermally induced phase transformation, 

the formation of SIM is reversible. During unloading (D Ÿ A) 

elastic strain is recovered and the SIM transforms back into 

the parent austenite phase. Note that the recovery stress (or 

LPS) is lower than UPS. The hysteresis observed arises from 

internal friction and defects in the crystal structure. 

A typical Nitinol alloy will exhibit superelasticity up to 8 % strain before permanent deformation begins. However, 

there is always some percentage of permanent-set or residual elongation, Elr. The magnitude of Elr depends on 

the past thermomechanical processing of the material and also the % strain the component was subject to before 

unloading.   

Design Consideration 

The difference between the UPS and LPS is called mechanical hysteresis. It is important to understand which 
plateau stress is more important for the specific application. To illustrate this point two examples are given: 

i) Guidewire ï The ñstiffnessò of a guidewire during loading is important for both navigating through the anatomy 
and also for guiding devices through complex anatomy. The UPS is therefore critical in this case. 
ii) Cardiovascular Stent ï The force it takes to compress a stent is related to the UPS, however upon deployment 

inside a vessel, the radial force exerted is related to the LPS. Both the UPS and LPS are important in this case. 
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1.3.2 Shape Memory Effect   
 Thermally induced phase transformations between martensite and austenite results in the shape memory 

response of Nitinol. The shape memory effect is utilized for creating actuators as well as for the deployment of 

medical devices such as cardiovascular stents as they reach body temperature.  

The shape memory effect is best illustrated using a stress-strain-temperature plot. To exhibit shape memory 

behavior the Nitinol alloy must first be cooled below Mf. Deformation of martensite is visualized moving from 

point A to point B on the stress-strain-temperature plot. In the early stages of the deformation an elastic region 

is observed before the martensite detwinning stress (ům) is reached where the stress remains almost constant. 

This constant stress region is followed by the elastic straining of the fully detwinned structure. Once the material 

is in the deformed state and the stress has been unloaded, heating to a temperature above As will cause the 

detwinned martensite to begin transforming into austenite. This transformation of the crystal structure translates 

into the recovery of the original trained shape of the component on the macroscopic scale once the temperature 

reaches above Af (B Ÿ C). The deformed crystal structure remembers its original orientation because of the 

lattice correspondence. When the temperature is returned to below Mf the austenite structure changes back to 

martensite (A Ÿ B), with no macroscopic shape change, and the cycle can be repeated.  

Nitinol IQ 

The UPS and LPS are not fixed for all temperatures. The 
superelastic plateaus will increase with application (or 
test) temperature following a Clausius-Clapeyron relation. 
For every °C the plateaus can change by 3 ï 20 MPa/°C 
(0.4 ï 3 ksi/°C); depending on the alloy and processing 
history. It is therefore important to test the superelastic 
properties of the final device at the application 
temperature (ex. 37 °C for implantable devices). 

This increase in plateau stresses is due to increasing 
thermodynamic stability of the high temperature austenite 
phase the further the temperature of the Nitinol material is 
increased above the Af temperature. In fact, the UPS will 
continue to increase until the yield stress of the alloy is 
reached and the material will yield and behave again like 
an elastic plastic material. Superelasticity therefore 
cannot occur above this critical temperature termed 
ñmartensite deformation temperatureò or Md (~ 80 °C > Af). 

 



Introduction to Nitinol - Rev 0 

© Memry Corporation 2017    12 

1.4 Thermal Hysteresis 

Thermal hysteresis is the difference in phase transformation temperatures when the alloy is heated versus when 

it is cooled. This hysteresis is typically around 20 - 30 ºC for Nitinol superelastic alloys used in medical device 

applications. The thermal hysteresis is related to mechanical hysteresis of the UPS and LPS during the 

superelastic response of the alloy at temperatures above Af. A greater thermal hysteresis will yield a greater 

mechanical hysteresis. 

 

 

 

 

 

 

 

 

 

1.5 Effect of Cold Work 

Also known as work or strain hardening, cold work is the strengthening of a material through plastic deformation. 

This strengthening occurs due to dislocation movement (i.e. creation of defects) within the crystal structure of 

the material. Cold working is critical in the thermomechanical processing of net-shape raw materials to obtain 

the desired mechanical and functional properties of the final Nitinol component. The physical act of plastic 

deformation occurs in reducing the wrought Nitinol material into the final net-shape through processes such as 

wire drawing, tube drawing, or sheet rolling. The typical final amount of cold work resulting from the final 

drawing/rolling process step ranges from 30 ï 50 %; calculated in terms of reduction of cross sectional area. 

In Nitinol, the amount of cold work affects 

both the mechanical and functional 

properties of the alloy. For example, 

mechanical properties such as the yield 

stress and ultimate tensile strength (UTS) 

of the material increase with percentage 

cold work. This increase in strength 

however comes at the expense of a 

reduction in elongation (or ductility). It is important to note that a final heat treatment is required to allow the 

Nitinol material to exhibit the shape memory and superelastic properties. A material with 30 % cold work for 

example has too high dislocation density within the crystal structure and does not allow the necessary straining 

to occur for phase transformation. On the contrary, if the amount of cold work imparted into the material is not 

high enough the yield stress can be too low where the material plastically deforms below the UPS or martensite 

detwinning stress, ům. The material will therefore not exhibit shape memory or superelasticity in this case.  

 

Hysteresis 
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1.6 Alloy Ratio and Ms 

Nitinol is typically composed of approximately 50 to 51 at. % Nickel by atomic percent (i.e. 55 to 56 wt. %). For 

example, Memry's Alloy BB manufactured at the SAES Smart Materials (SSM) facility in New Hartford, NY is 

specifically cast with 55.8 wt. % Ni. As can be seen by the following graph, the Ms of the material is highly 

sensitive to the alloying ratio. The smallest change in Ni content has a large effect on the transformation 

temperatures. This is important to understand when considering different wrought Nitinol materials and ageing 

heat treatments which will be discussed in subsequent sections. 

 

Design Consideration 

o Increased cold work leads to a decrease in transformation temperatures. This translates to a slightly increased 
UPS and LPS when considering superelasticity. 

o It is recommended to start with a cold worked net-shape material to obtain the highest possible UPS and LPS 
post shape-setting. This is common practice for example in manufacturing wire-form type Nitinol devices. 

o Due to reduced ductility of cold worked material, multiple shape setting steps are often required to obtain the 
final component shape without facture/cracking of the Nitinol material. Using a raw material with less cold work 
can allow for larger shape setting strains and fewer process steps, however this comes with the expense of 
lower UPS, LPS and UTS of the final component. 

Nitinol IQ 

The Ms Temperature changes by approximately 80 degrees Kelvin for every atomic percent change in Ni content. 
For this reason, great control of the alloy content is required during the casting process at our SSM facility. 

For alloys with Ni content below approximately 49.75 at. %, Ti becomes saturated in the matrix and precipitates out 
in the form of Ti rich precipitates. The matrix composition remains the same in this region and the Ms Temperature 
is therefore unchanged. Ti saturation limits the maximum transformation temperatures of the Nitinol alloys typically 
used for shape memory applications. 

Since the transformation temperatures are extremely sensitive to thermomechanical processes used in downstream 
processing, the transformation temperature of the raw net-shape material or finished component will differ greatly 
from those of the ingot or wrought Nitinol material. 
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Section 2 ï The Nitinol Ingot and Wrought Material 

2.1 ASTM Standard for the Nitinol alloy 

ASTM F2063 is the standard specification for wrought nickel-titanium shape memory alloys for medical devices 

and surgical implants. This standard specifies allowable chemical compositions, transformation temperature 

tolerances, basic microstructure (i.e. grains size and inclusion/void content) and annealed mechanical properties. 

For reference the chemical composition requirement for an ASTM F2063 compliant Nitinol material is outlined 

in the table below. 

Chemical Requirements & Product Analysis Tolerance  

Element % (mass/mass) Tolerance % (mass/mass) 

Nickel 54.5 to 57.0 0.2 under min; 0.2 over max 

Carbon, maximum 0.050 0.002 

Cobalt, maximum 0.050 0.001 

Copper, maximum 0.010 0.001 

Chromium, maximum 0.010 0.001 

Hydrogen, maximum 0.005 0.0005 

Iron, maximum 0.050 0.01 

Niobium, maximum 0.025 0.004 

Nitrogen plus oxygen, 

maximum 

0.050 0.004 for each 

Titanium  Balance n/a 

Notes: 

 Product analysis tolerance limits are based on analytical capabilities that have been 

demonstrated for this composition. 

 Approximately equal to the difference between 100% and the sum percentage of the 

other specified elements. The percentage titanium content by difference is not required to be 

reported per ASTM F2063. 
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2.2 Melting of the Nitinol Ingot 

Nitinol phase transformation temperatures and 

mechanical properties are extremely sensitive to 

alloy composition and impurities. For ingot 

production, the alloy melting process and 

elemental raw material must be selected to not 

only ensure homogeneity of the melt, but also to 

ensure highest purity for consistent properties both 

within a single melt and between melts. The two 

common commercial melting methods for Nitinol 

materials are vacuum-induction melting (VIM) and 

vacuum-arc melting (VAR). 

For VIM ingot production, the Nickel and Titanium 

are placed in an electrically conductive graphite 

crucible. The crucible is heated and stirred by 

electrically induced alternating magnetic fields. 

VAR ingot production involves a water-cooled copper crucible. Inside the crucible elemental Nickel and Titanium 

are used as consumable electrodes. An electrical arc is struck between the electrode and the bottom of the 

copper crucible. The electrode melts to form molten material at the base of the crucible. This refining process is 

repeated using the ingot created from the previous melt as the new electrode to promote mixing and homogeneity 

of the ingot.  

Memryôs sister company, SAES Smart Materials (SSM), uses a VIM/VAR process. The raw materials are first 

melted in a VIM furnace and then subjected to the VAR process. This combined VIM/VAR process yields a very 

clean, consistent melt which has since established SAES/Memry as a leader in the production of wrought Nitinol 

products. 

 

  

Nitinol IQ 

Some properties can be enhanced by a ternary alloying element. The most popular ternary alloys include NiTiNb, 
NiTiCu, NiTiCr, NiTiFe, and NiTiCo. Exception to the ASTM F2063 chemical composition requirement must however 
be made when using these alloys. 
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2.2.1 Inclusion Content 

Theoretically, binary Nitinol contains only the elements 

Nickel and Titanium. However, impurities, most commonly 

carbon and oxygen, are found in the raw materials. The 

impurities are dissolved in the alloy during melting and form 

second phase particles during solidification. These particles 

include carbides and oxides having different chemical 

composition and crystal structure from the base metal and 

are therefore classified as inclusions. 

Research has shown that inclusions can act as initiation 

sites for fatigue cracks and can even promote corrosion. 

Moreover, large inclusions or high volume fraction within the 

melt will result in significant degradation in mechanical 

properties. Therefore the goal is always to limit the volume, 

size and quantity of inclusions. The control of impurities 

largely depends on the casting of the ingot however, 

subsequent thermomechanical processing of the material 

can also have an effect on the inclusion size/geometry and 

distribution. 

ASTM F2063 is the standard that governs inclusion size and measurement in Nitinol alloys. Prior to 2005, the 

maximum acceptable inclusion size was 12 µm. As inclusion detection methods became more sophisticated, it 

was determined that none of the Nitinol manufacturers could actually meet this 12 µm maximum. The ASTM 

standard was rewritten in 2005 to accurately reflect the state of the industry. 

Currently ASTM F2063 stipulates that inclusions or voids must be < 39 µm in size and take up < 2.8 % area 

fraction for alloys with a fully annealed As of less than or equal to 30 °C.  Alloys with a fully annealed As greater 

than 30 °C are to have maximum inclusion size and area fraction as agreed upon between purchaser and 

supplier. 

 

Nitinol IQ 

The scientific community has taken an interest in low inclusion NiTi to improve both the fatigue and corrosion 
resistance properties of finished components. The number of papers on inclusions at the various Shape Memory 
and Superelastic Technologies (SMST) conferences has been steadily increasing. 

Several articles have been published investigating whether or not material with lower inclusions actually does 
perform better than material with higher inclusion content. Questions still remain as to which characteristics of 
low inclusion materials are more important; their size, quantity or location in the material. Other factors such as 
sample preparation, overall cross-section of the material being tested, probability of inclusions residing at point 
of high stress concentration, and type of strain being applied are all still up for debate. SAES/Memry's RedoxÊ 
alloy offers both a decreased number and decreased size of inclusions in an effort to improve Nitinolôs 
performance. 

The ASTM committees have reviewed inclusion requirements in the past and will most likely continue to do so 
as research progresses. 

Ti2NiOx inclusion or ñstringerò 

Elongated and broken up 

due to cold work 
























































