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Aims. Thermal microactuators technology is based on linear thermal expansion / volume expansion or phase change and use the differences between the coefficients of thermal

expansion of the materials from which they are made. The samples used in this study were made from elemental powder by Spark Plasma Sintering (SPS) method with two composition of
NiTi and one composition of NiTiCu. The cylindrical samples with diameter of 20 mm and height of 4-5 mm were realized in vacuum by uniaxial pressing with 50 MPa at a sintering
temperature of 900ºC and holding time of 5 minutes. In order to increase the alloy homogeneity, the NiTi and NiTiCu samples were subjected to a heat treatment (HT) in two steps as
follows: temperature increasing with 100ºC/min until 850ºC, holding for 1 hour, cooling with 100ºC/min until 500ºC, holding for 30 min and cooling again at room temperature with
100ºC/min in argon atmosphere.

Methods and Results

Conclusions

The combined use of neutron diffraction allows to obtain a detailed

description of NiTi and NiTiCu microstructure. The majority phase

identified by neutron diffraction was B19‘, corresponding to monoclinic

martensite phase. These measurements allowed a direct correlation of

the microstructure evolution with thermal and electrical conductivities,

where the best results of thermal and electrical conductivity is for A1

when the materials are obtained by spark plasma sintering. Also from

neutron diffraction it was observed that the Ti2Ni precipitates are

formed especially in A1 and NiTiCu-5%.
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EXPERIMENTAL INVESTIGATION ON SHAPE MEMORY MATERIALS 
OBTAINED BY SPARK PLASMA SINTERING

Abstract
The design methodology of actuators with active elements implies the knowledge of the thermal and electrical properties of the Ti-based shape memory materials (SMM) [1,2]. The

understanding of thermal properties is essential for an evaluation of the phase transformations in SMM and vital for industrial applications with specific temperatures [3]. In order to activate

the actuator, it is required to heat the SMM [1-3]. For this reason, it is necessary to know the thermal properties of a SMM during heating. Ti-based materials show unique characteristics,

which are the shape memory effect or superelasticity. Due to those characteristics, they are of interest for various applications like aerospace, biomedical or automotive fields [1,2,4,5]. The

thermal properties can be determined by dilatometer and the flash method (FM). The flash method has become the most commonly used technique for the measurement of martensitic

transformation temperature, thermal diffusivity and thermal conductivity of SMM [2,3]. The thermal properties are dependent on composition, phases, homogeneity of the

material/microstructure, density/porosity of the material and, last but not least, by the processing route. Measurements of electrical resistance, thermal expansion coefficients, thermal

conductivity, diffusivity and specific heat are carried out from 25°C up to 300°C using the laser flash method. Microstructures identified by diffraction measurements support a correlation of

thermal properties with technological process.
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1. Neutron diffraction by G41, LLB 2. Thermal measurements

2a. Dilatometer analysis by L75 Platinium series
The samples are 12.7mm in diameter with a thickness of 2.51mm.

2b. Thermal analysis by LFA 447 Nanoflash 
The samples are 12.7mm in diameter with a thickness of 2.51mm.

References:

1. D. Copaci, D. Blanco, L.E. Moreno, Flexible Shape-Memory Alloy-

Based Actuator: Mechanical Design Optimization According to

Application, Actuators 2019, 8, 63; doi:10.3390/act8030063

www.mdpi.com/journal/actuator

2. M.G. Faulkner, J.J. Amalraj and A. Bhattacharyya, Experimental

determination of thermal and electrical properties of Ni-Ti shape

memory wires, Smart Materials and Structures, Volume 9, Number 5,

2000

3. W. J. Parker, R J. Jenkins, C P Butler, G. L. Abbott, A flash method

of determining thermal diffusivity, heat capacity, and thermal

conductivity, Journal of Applied Physics, Volume 32, Issue 9,

10.1063/1.1728417

4. S. I. Abu-Eishah, Correlations for the Thermal Conductivity of

Metals as a Function of Temperature, International Journal of

Thermophysics, Vol. 22 (2001), No. 6

5. P. Novák et al., Powder-metallurgy preparation of NiTi shape-

memory alloy using mechanical alloying and spark-plasma sintering,

Materiali in Tehnologije, 51(1), 141-144 (2017),

DOI:10.17222/mit.2016.011

3. Electrical measurements 
The samples are 10.7mm in diameter with a thickness of 1.05mm


