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WelCOme TO FOz dO IGuAçu

Dear Colegues,

It is with immense pleasure that, on behalf of the organizing committee, I would like to welcome all participants to Foz do
Iguaçu and the 18th edition of the International Conference on Internal Friction and Mechanical Spectroscopy (ICIFMS-18).
ICIFMS-18 has the support of Universidade Estadual Paulista (UNESP). Universidade Federal de São Carlos (UFSCar) and
Universidade Presbiteriana Mackenzie. In this edition, the event is being held in Foz do Iguaçu (PR), known internationally by
the Iguassu Falls, one of the seven wonders of nature.

The ICIFMS-18 will be a great opportunity for the exchange of experience, innovative ideas and research results focused on
the theory, advances and applications of internal friction and mechanical spectroscopy, dynamic-mechanical analysis, high
damping materials and new techniques of internal friction and mechanical spectroscopy. The exchange of ideas and discussion
make ICIFMS-18 an unmissable event.

The Conference program consists of six plenary lectures and eight invited keynotes lectures of the last significant discoveries
and developments in all fields of mechanical spectroscopy and related fields. 72 abstracts were submitted and were evaluated
in relation to the quality and impact, resulting in 56 accepted abstracts that were assigned 25 to the oral presentation and 31 for
poster presentation. The presented papers will be published as regular papers in a special issue of Materials Research journal,
after rigorous peer-review process.

In addition, we prepared several social activities, because we believe that the good humor and a festive atmosphere helps in
social interaction and in the formation of friendships and interpersonal relationships network, which greatly assists in the
development of work and research and the exchange of experiences and knowledge among its members.

I would like to thank Capes, CNPq and FAPESP for the financial support given to the event, to the members of the International
Scientific Committee for the excellent work of analysis of abstracts and members the organizing committee, for the trust and
support of the achievement of this event on the triple frontier of Mercosur.

You have arrived here and I would like to thank you personally for the decision to participate in ICIFMS-18. I hope that this
conference can be quite helpful for its work, as well as an appropriate forum for obtaining new knowledge.

Prof. Carlos Roberto Grandini, FBSE
Chairman of ICIFMS-18
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201-002 

Mechanical spectroscopy for the investigation of materials for energy applications 

Paolone, A.(1); Palu mbo, O.(1); Trequattrini, F.(2);  
(1) CNR-ISC; (2) S; 

Presenter: Annalisa Paolone (CNR-ISC) 

Keyword: mechanical spectroscopy, materials for energy applications, tension modulus, 

local dynamics 

Abstract: 

Storage and transformation of energy is one of the priorities for the future. The basis for 

improvements in this field is the synthesis and characterization of new materials with 

better performances in energy devices. In order to achieve optimized applications, a deep 

knowledge of the basic physical and chemical properties of these compounds is needed. 

In this framework, we conducted an investigation of many materials with potential 

applications in the field of energy storage and conversion by means of mechanical 

spectroscopy. Our investigations exploited the full potential of mechanical spectroscopy: 

in fact, both the real and the imaginary part of mechanical modulus can give useful 

information about applicative materials. Indeed, on one side, in applications there a need 

of optimized mechanical properties of materials; for example, we measured the tension 

modulus of polymeric membranes useful as polymeric electrolyte membranes of fuel cells 

and its evolution with the addition of inorganic fillers. Moreover, both the shear and 

tension modulus of cellulose based membranes, intended as water compatible, gel 

electrolytes, are reported. Finally, we investigated the changes induced by a hot pressing 

process of the tension modulus and of the electrolyte uptake of electrospun polymeric 

membranes used as separators in lithium batteries. On the other side, mechanical 

spectroscopy can provide useful parameters of the local motion of atoms and defects or 

of the occurrence of phase transitions. In the field of electrodes materials for lithium 

batteries, LiMn1.5Ni0.5O4 was investigated by mechanical spectroscopy in order to 

study the manganese dynamics. An intense thermally activated peak, detectable only in 

off-stoichiometric samples, was attributed to a polaronic conduction due to an electron 

transfer from Mn3+ to a Mn4+, and the consequent motion of the Jahn–Teller lattice 

distortion. In order to have a good fit of the experimental data, the Jonscher model for 

ionic dynamics was adopted for the first time in this spinel structure. A value of about 0.3 

eV for the energy barrier of the polaronic conduction was obtained. Moreover, in the last 

years we investigated ionic liquids (ILs) by means of mechanical spectroscopy. ILs 

present peculiar physical and chemical properties: an extremely low vapor pressure, a 

high ionic conductivity, a high thermal, chemical and electrochemical stability, a high 

thermal capacity and a good solvent capacity. Due to these peculiarities, ILs have been 

proposed for a large variety of applications in chemistry and physics, such as electrolytes 

for electrochemical devices, lubricants, ingredients for pharmaceuticals and heat 

exchangers. By modifying the method of measurement of a Dynamical Mechanical 

Analyzer, we could measure relaxation processes occurring in the liquid phase, due to the 

internal movements of the composing ions. Moreover, one can easily detect phase 

transitions towards solid phases. Due to the occurrence of vitrification at low 

temperatures in most ILs, proper theoretical models for the relaxation peaks should be 

considered. A survey of the results obtained in this field will be presented. REFERENCES 
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201-006 

Nano-clustering of interstitial and substitutional solute atoms in iron 

Numakura, H.(1);  

(1) OPU; 

Presenter: Hiroshi Numakura (OPU) 

Keyword: iron, steel, Snoek relaxation, single crystals 

Abstract: 

The microstructure and mechanical properties of steels are governed by C and N, the 

elements that dissolve interstitially in iron. Substitutional alloying elements modify the 

properties of steels, some of them directly by themselves, but others indirectly through 

their effects on the behaviour of the light interstitial solute species. The interaction 

between the unlike solute species is a well-known phenomenon [1], but quantitative 

knowledge has come to be available only recently for a limited number of systems [2]. 

Attractive interaction between the i and s solute atoms gives rise to formation of solute-

atom clusters, and they develop to nano-precipitates of alloy carbides and nitrides, which 

can be useful ingredients of high strength steels [3]. We are systematically investigating 

interaction of important alloying elements in steels with solute C and N by 

thermochemical solubility measurements and mechanical spectrometry [2]. The latter is 

to study characteristic influences of the alloying element on the Snoek relaxation of C 

and N. We present how one can obtain detailed information - the interaction energy and 

the geometrical configuration - of the solute-atom clusters by mechanical spectrometry 

using very dilute alloys and their single crystals. [1] Numakura H., Koiwa M., M3D: 

Mechanics and Mechanisms of Material Damping, ASTM STP 1304, A. Wolfenden, V. 

K. Kinra (eds.), American Society for Testing and Materials, 1997, pp. 383-393. [2] H. 

Numakura, Arch. Metall. Mater. 60 (2015), 2061-2068. [3] G. Miyamoto, Y. Tomio, H. 

Aota, K. Oh-ishi, K. Hono, T. Furuhara, Mater. Sci. Tech. 27 (2011), 742-746. 
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201-007 

Internal Friction during martensitic transformation in Ti-Ni-Hf high-temperature 

shape memory alloys 

San Juan, J.(1); Pérez-Cerrato, M.(1); Maass, B.(2); Nó, M.(1);  

(1) UPV/EHU; (2) INGPULS; 

Presenter: Jose San Juan (UPV/EHU) 

Keyword: Damping, Martensitic transformation, Shape memory alloys, Ti-Ni-Hf 

Abstract: 

Nowadays there is an increasing demand of high-temperature shape memory alloys (HT-

SMA) for applications in the automotive, aeronautic, aerospace, and robotic industrial 

sectors. These materials are expected to fulfil the requirements for sensors and actuators 

in the temperature range between 100ºC and 300ºC, which are not accessible for the more 

worldwide spread Ti-Ni SMA limited to below 100ºC. With this objective, several 

families of SMA have been recently developed to work above 100ºC and among them the 

thernary Ti-Ni-based SMA are being explored. In the present work, a first study of the 

internal friction behaviour on Ti-Ni-Hf SMA is being approached looking for threefold 

aspect. First we are studying the martensitic transformation itself, second we are also 

interested in the damping behaviour of this family of alloys and third we are analysing 

the thermoelastic behaviour of the martensitic transformation. Indeed an internal friction 

peak has been observed for the forward and the reverse martensitic transformation, which 

takes place above 200ºC. Taking into account the previous models of the internal friction 

during martensitic transformations, a complete study of the internal friction spectra and 

the dynamic modulus curves has been carried out as a function of the heating rate and the 

frequency. A sharp internal friction peak, together with a softening of the dynamic 

modulus has been observed in all cases. The analysis of this series of spectra seems to 

indicate a high thermoelastic character of the martensitic transformation in this family of 

alloys. This fact, together with the highly reproducible and stable martensitic 

transformation between 200ºC and 250ºC allows conclude that this new HT-SMA has a 

high potential for practical applications not only for sensors and actuators, but also as 

high-damping material in this temperature range. 
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201-010 

Microstructural analysis and mechanical behavior of the steel tube AISI 3140 when 

cut with plasma and welded with TIG 

Coelho, F.(1); Gonçalves, G.M.B.(1);  

(1) UNESP; 

Presenter: Fernando Coelho (UNESP) 

Keyword: SAE 4130, Microstructure, Metallography, Eletronic scanning Microscopy, 

TIG mechanized. 

Abstract: 

The security of welded metallic structures is strictily related to the welding conditions 

and quality. Industry is continuously looking for improvements and low costs at the 

metallic production process. The modifications in a standardized thermal process or on 

the product configuration can affect the product quality, mechanical performance caused 

by micro structural changes. The current study intend to evaluate the microstructure 

performance of metallic tubes welded zones when varying geometry and temperature 

time frame during welding. Steel tubes AISI 4130 without seam where cut with plasma 

in three different angles (30°, 45° and 60°) with 1 millimeter from de root height and 

subsequently welded with TIG (Tungsten Inert Gas). Two welded zones ( melted and 

thermally affected) will pass through the traction and hardness tests and also 

microstructures assays to verify the occurrence of metallurgical discontinuities (X-ray 

and metallographic) by optical and scanning electron microscopy (MEV).The entire 

process was mechanized with a customized rotating machinery developed to maintain the 

cutting and welding parameters uniform in the whole joint of the tube. Therefore, the 

electrical and mechanical mechanism of this machinery was controlled by a software 

based on Arduino’s® platform. The preliminary results showed that the penetration for 

root weld bead formation increase with joint angle increasing. Thus, there is a 

consequently different contact area to heat transfer with subsequent impact in the joint 

zone microstructure. 
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301-001 

Low-Temperature Anelastic Property of Nanocrystalline Ag Fabricated by Gas 

Deposition Method 

Xi, T.(1); Suzuki, R.(2); Tanimoto, H.(3);  

(1) TX; (2) RS; (3) HT; 

Presenter: Terigele Xi (TX) 

Keyword: grain boundary, nanocrystalline Ag, gas deposition method 

Abstract: 

Polycrystalline (p-) materials composed of ultrafine grains with the mean size less than 

~100 nm are called nanocrystalline (n-) materials. As well as the much increased volume 

fraction of the grain boundary region, the behavior of the grain boundaries plays an 

important role on characteristic properties of n-materials. Several investigations 

suggested that the grain boundary state of n-materials was different from that of p-

materials. Internal friction is a powerful and sensitive tool to study the behavior of the 

grain boundaries. For example, we reported that internal friction of n-Au showed a rapid 

increase linearly with temperature above 200 K. Since the amount became small with a 

progress of the grain growth by annealing above 350 K, we attribute the rapid increase of 

internal friction above 200 K to a certain anelastic relaxation process in the grain 

boundary region. It was reported that the grain boundary anelasticity of p-Au was 

thermally activated above ~400 K at the same measurement frequency. From the 

differential scanning calorimetry, we observed an endothermic tendency of n-Au above 

200 K. These observations indicated that in n-Au, the viscoelastic nature of grain 

boundary region was thermally activated even at 200 K. In the present study, we carried 

out the internal friction measurement of n-Ag and the result was compared with that of n-

Au to pursue the common behavior of grain boundary region in n-metals. High density 

and high purity n-Ag was prepared by the gas deposition method. In the gas deposition 

method, ultrafine Ag particles formed by the inert-gas condensation method were directly 

deposited on a glass substrate by using a gas jet-flow. The purity of He gas used for the 

gas condensation and jet-flow was kept better than 99.9999% by a purification system. 

The mean grain size of n-Ag was about 20 nm and the density relative to the p-Ag value 

was 98 %. The internal friction and resonant frequency were measured by using a flexure 

resonant vibration (~1000 Hz) of a reed specimen, where the vibration was excited 

electrostatistically. The mean grain size, preferred orientation and lattice parameter of n-

Ag were determined by the X-ray diffraction measurement. Similar to the case of n-Au, 

internal friction of n-Ag showed a rapid increase linearly with temperature above 200 K 

and the internal friction reached to 0.0047 at 300 K. The amount of the rapid increase in 

internal friction above 200 K became decreased by annealing above 350 K where the 

grain growth was started. Since the similar phenomena were also observed for n-Cu, the 

rapid and linear increase in internal friction above 200 K is a common feature for FCC n-

metals. The careful observation indicated that the increase in the internal friction 

gradually started at around 130 K for n-Ag whereas around 170 K for n-Au. The onset 

temperature of n-Ag lower than that of n-Au appears to reflect the lower activation energy 

of grain boundary diffusion of p-Ag than the value of p-Au. 
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301-002 

Reducing internal friction in optical thin films for the benefit of future gravitational 

wave detectors 

Abernathy, M.R.(1);  

(1) NAS; 

Presenter: Matthew Robert Abernathy (NAS) 

Keyword: films, high-Q, LIGO 

Abstract: 

The most sensitive frequency band of modern ground-based interferometric gravitational 

wave detectors, like those used by LIGO to make the first direct detection of gravitational 

waves, is limited in part by the Brownian thermal noise of the dielectric thin films used 

to make the interferometer mirrors. This noise is directly related to the internal friction of 

the materials through the fluctuation-dissipation theorem. The development of optical 

thin films with low internal friction is therefore of great interest within the gravitational 

wave community. This plenary talk will cover the contributions of low internal-friction 

coatings to the recent detection of gravitational waves and detail current research 

directions within and without the LIGO Science Collaboration that seek further 

improvements in future detectors. These areas of research include the study of materials 

free of Two-Level Systems such as a-Si, crystalline systems such as AlGaAs, and the 

exploration of stable glass materials. 
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301-006 

Ultra low internal friction of silica and other glasses at the basis of the first detection 

of Gravitational Waves 

Cagnoli, G.(1); Granata, M.(1); Amato, A.(1); Mereni, L.(1); Pinard, L.(1); Michel, C.(1); 

Dolique, V.(1); Coillet, E.(2); Martinez, V.(2); Martinet, C.(2);  

(1) LMA; (2) ILM; 

Presenter: Gianpietro Cagnoli (LMA) 

Keyword: gravitational waves, optical coatings, glasses, structural relaxations, ultra-low 

loss materials, thermal noise 

Abstract: 

The first detection of Gravitational Waves, done by the LIGO-Virgo collaboration on 

September 14th 2015, represented the end of a scientific quest pursued for 60 years and 

at the same time the starting of the era of Gravitational Wave Astronomy. For 60 years 

the scientist involved in this fascinating field chased all possible sources of noise inside 

their devices, pushing the noise floor down every time the technology or the science made 

possible a new type of detector. In the last of these advancements the detectors LIGO 

reached the noise level of 6e-20 m/sqrt(Hz). This astonishing level of noise was achieved 

because the last generation of GW detectors used mirrors suspensions made of the same 

material as the mirror substrate - fused silica - and optical interference coatings made of 

special glasses. In both cases the materials have been developed with the aim to achieve 

the lowest internal friction as possible, in accordance to the Fluctuation-Dissipation 

Theorem. In fact, thermal noise on mirrors and on their suspensions is the main limit to 

the detection of GW in the low frequency band where the signals from the black-holes 

coalescing binaries are expected to be. Special materials and treatments have been 

developed by few research laboratories and among them the Laboratoire des Matériaux 

Avancés LMA, Lyon (FR), is where the coatings have been deposited on the LIGO 

mirrors that allowed the first detection of GW. Fused silica suspensions have been 

developed at the Institute of Gravitational Research, Glasgow (UK), and then this 

technology was transferred and adapted to the advanced detectors LIGO and Virgo. The 

content of this oral contribution is: i) introduction on the internal friction of glasses and 

the level of thermal noise in GW detectors; ii) silica and the cancellation of the 

thermoelastic damping; iii) the internal friction processes in the optical coatings; iv) the 

nodal suspension system called GeNS for the mechanical characterization of ultra-low 

loss materials; v) results of correlations between internal friction and structural properties 

of silica and tantala; vi) a glance of the research that is going on in Europe on future 

detectors materials. 
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MANIPULATION OF GLASSY STATE IN AMORPHOUS SELENIUM BY 

LOW-TEMPERATURE INTERNAL FRICTION MEASUREMENT 

Liu, X.(1); Metcalf, T.(1); Abernathy, M.(2); Stephens, R.(3); Liu, T.(3); Fakhraai, Z.(3);  

(1) NRL; (2) NRC; (3) UPenn; 

Presenter: Xiao Liu (NRL) 

Keyword: internal friction, amorphous selenium, low energy excitations 

Abstract: 

In order to understand the thermodynamic nature of the ubiquitous low-energy 

excitations, known as two-level tunnelling systems (TLS), we have studied the growth 

temperature and quench rate dependent internal friction of amorphous selenium (a-Se) 

thin films at low temperatures. The internal friction of a-Se films exhibit a temperature 

independent plateau below 1 K followed by a maximum at 10 K. The plateau is universal 

in almost all amorphous solids, attributed to the dissipation of elastic waves by TLS, 

whose origin is still unknown. The maximum is caused by thermal activation over the 

same energy barrier that induces TLS. Unlike other elemental amorphous materials, the 

glass transition temperature of a-Se is sufficiently low (~40-50°C) to allow in situ 

equilibration/quench cycles, enabling precise characterization of the quench rate-

dependence of elastic properties. We have thus been able to unequivocally demonstrate 

that the magnitude of this plateau can be manipulated by a thermal equilibration/quench 

cycle; the plateau magnitude increasing with increasing quench rate. The structure frozen 

in after a quench cycle varies with rate in density and topology; a faster rate freezing in 

lower-density structures characteristic of higher fictive temperatures. Deposition at a 

substrate temperature of -6°C (close to 85% of its glass transition) results in the lowest 

internal friction plateau, indicating a lower fictive temperature that may not be accessible 

by slow quench, reminiscent of ultrastable glass [1-2]. A cycle to equilibrate the film 

close to its glass transition temperature return it to a glassy state similar to those deposited 

at room temperature. Our study shows that a-Se can be a simple monatomic system to 

constrain models for origins of widely observed ‘glassy states’. [1] S. F. Swallen, et al., 

Science 315, 353 (2007). [2] Perez-Castaneda, et al., Proc. Natl Acad. Sci. USA 111, 

11275–11280 (2014). *This research was supported by the Office of Naval Research, and 

the National Science Foundation through the University of Pennsylvania Materials 

Research Science and Engineering Center, DMR-1120901.  
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Mechanical loss angle measurement for interface with roughness between substrate 

and thin film 

Chao, S.(1); Pan, H.(1); Kuo, L.(1); Huang, S.(1);  

(1) NTHU; 

Presenter: Shiuh Chao (NTHU) 
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interference gravitational waves detector 

Abstract: 

We provide a method to obtain the mechanical loss angle of the interface with roughness 

between a substrate and thin film. Experimental results are given for silicon substrate and 

silicon nitride thin film in particular. Two thin silicon cantilevers, one with both sides 

roughened and the other one with one side polished and one side roughened, were made 

by lithographic and KOH wet etching. The cantilevers were coated with identical silicon 

nitride films on both sides by Plasma Enhanced Chemical Vapor Deposition (PECVD) 

method. The cantilever ring-down method was used to measure the mechanical loss angle 

of the cantilevers before and after coatings by extracting the damping time when the 

vibration amplitude damped to 1/e. The frequency range for various modes were from 

~100 Hz to ~6000 Hz. A simple model was developed to deduce the interface loss from 

the measured loss of the cantilevers before and after coatings. We found that the 

mechanical loss angle of the interface between the silicon substrate and silicon nitride 

film with 7.7 nm roughness were within the range from 8x10-5 to 8x10-4 for the modes 

within the measured frequency range. This work was related to development of low 

mechanical loss optical thin film coatings for laser interference gravitational waves 

detector. 
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The contribution of mechanical spectroscopy to understanding the problem of grain 

boundary sliding 

Mari, D.(1);  

(1) EPFL; 

Presenter: Daniele Mari (EPFL) 
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Abstract: 

Grain boundary sliding is widely observed in ceramics and even constitutes the main 

mechanism of plastic deformation at high temperature. Grain boundary sliding relaxation 

peaks were observed in some oxide ceramics and nitrides. In most cases, the presence of 

such peaks is related to the presence and stability of an amorphous phase at grain 

boundaries. In the case of alumina, that does not show such amorphous phase, grain 

boundary sliding has been related to grain boundary dislocations. In all cases the 

activation energy is apparent. The presence of a disordered or amorphous phase justifies 

the use of a coupling model that considers that molecular motions are hierarchically 

correlated. In metals, grain boundary sliding is effectively observed in some cases but the 

correlation of such phenomenon with internal friction peaks has been much more 

controversial. The case of a relaxation mechanism that could be related to grain boundary 

sliding (GBS) is one of the oldest examples of relaxation phenomena, already described 

by Zener. In 1947, Kê observed a large relaxation peak around 0.46Tm in polycrystalline 

aluminum. This peak being absent in single crystal, he concluded that this relaxation 

effect was due to grain boundary sliding (GBS). However, since dislocation motion 

related peaks were also observed in single crystals in the same temperature range, doubts 

were raised about the true origin of the Kê peak. On the other hand, some systems such 

as NiCr alloys are known to show a precipitation at grain boundaries that undoubtedly 

blocks grain boundary sliding leading to intergranular fracture. A peak that only appears 

when grain boundaries are precipitate free could be attributed to grain boundary sliding. 

Even if we have man examples of relaxations that can be attributed to grain boundaries 

the microscopic mechanism that are at the origin of grain boundary relaxations are still a 

matter of debate. However, targeted experiments have recently given a deeper insight into 

such mechanism. On one hand, it seems that the topological Zener model perfectly 

represents the behavior of polycrystalline materials as a function of grain size. Moreover, 

a grain boundary peak is only related to a polycrystalline grain structure and not to 

dislocations or dislocation walls. In fact, accurate experiments on bi-crystals clearly show 

that the nature of the peak depends on the boundary type and orientation. Finally, the 

problem of apparent activation energies might be conductible to the same approach as in 

ceramics. In fact, molecular dynamics simulations show that a phase transition and a thin 

amorphous phase could occur in most cases when a grain boundary relaxation is observed. 
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Damping at nano-scale during long-term nano-compression superelastic tests in Cu-

Al-Ni shape memory alloys 

Nó, M.(1); Gómez-Cortés, J.(1); San Juan, J.(1);  

(1) UPV/EHU; 

Presenter: Maria L. Nó (UPV/EHU) 
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Abstract: 

Damping at nano-scale during long-term nano-compression superelastic tests in Cu-Al-

Ni shape memory alloys M. L. Nó 1, J. F. Gómez-Cortés 2, J. San Juan 2 1 Dpto. Física 

Aplicada IIFacultad de Ciencia y Tecnología, Univ. del Pais Vasco UPV/EHU, Apdo. 

644, 48080 Bilbao, Spain 2 Dpto. Física Material Condensada, Facultad de Ciencia y 

Tecnología, Univ. del Pais Vasco UPV/EHU, Apdo. 644, 48080 Bilbao, Spain e-mail: 

jose.sanjuan@ehu.es , maria.no@ehu.es Shape memory alloys (SMA) undergo a 

reversible thermo-elastic martensitic transformation (MT) characterized by a 

crystallographic shearing of the atomic lattice, which can be thermally stimulated or 

induced by the application of an external stress. The stress-induced MT is known as 

superelastic effect, characterized by a complete recovery of the deformation when 

withdrawing the stress. This property is associated to a significant mechanical energy 

dissipation capability, damping, that can be evaluated from its respective load-depth 

hysteresis loop response. Cu-Al-Ni is a SMA that exhibits an exceptional superelastic 

behaviour at nano-scale and, is a potential material to be employed for developing new 

micro- and nano-electro-mechanical systems (MEMS & NEMS). Recently, an ultra-high 

mechanical damping at nano-scale was discovered in micro and nano pillars [1], due to 

several size effects [2-4], which could be particularly useful for vibration damping in 

MEMS. However, although such kind of pillars exhibits a good superelastic behaviour 

along thousand of cycles [5], the damping behaviour along cycling has not been studied 

yet. Then, an evaluation of the damping behaviour of Cu-Al-Ni micropillars arrays, by 

long-term nano-compression tests, is presented in this work. Arrays of square and round 

sections micro-pillars were milled by focused ion beam technique on [100] Cu-Al-Ni 

single crystal in austenite phase. All pillars in the arrays were tested in an instrumented 

nanoindenter with a 2?m radius sphero-conical diamond indenter at room temperature. 

The superelastic response of micro-pillars was tested over hundreds cycles on all pillars 

and over thousands on three randomly selected pillars. Recoverable and reproducible 

superelastic behaviour has been obtained during thousands cycling tests on Cu-Al-Ni 

micro-pillars. The results were analysed from its load-depth curves individually, as well 

as comparatively for all pillars of the array. The evolution of the loss factor (damping) 

along cycling and during long periods of time is also presented and discussed in terms of 

its potential application to aerospace technologies. These promising results open the door 

for designing potential applications of 3D devices of Cu-Al-Ni SMA, which could be 

integrated in MEMS technology. [1] J. San Juan, M.L. Nó, C.A. Schuh, Nature 

Nanotechnology 4, 415 (2009). [2] J. San Juan, M.L. Nó, C.A. Schuh, J. Mater. Res. 26, 

2461 (2011). [3] J. San Juan, M.L. Nó, J. of Alloys & Compounds 577S, S25 (2013). [4] 

J.F. Gómez-Cortés, M.L. Nó, I. López-Ferreño, J. Hernández-Saz, S.I. Molina, A. 



 
 
 
 
 
 
 
 
 
 

 
17

 

 

Chuvilin, J. San Juan. Nature Nanotechnology, doi:nnano.2017.91 (2017). [5] J. San Juan, 

J.F. Gómez-Cortés, G.A. López, C. Jiao, M.L. Nó, Appl. Phys. Lett. 104, 011901 (2014). 

  



 
 
 
 
 
 
 
 
 
 

 
18

 

 

301-017 

High-temperature mechanical properties and thin-film adhesion of WC-Co 

cemented carbides with TiAlN PVD coatings studied by mechanical spectroscopy 

ADJAM, S.(1); Mari, D.(1);  

(1) EPFL; 

Presenter: Samy ADJAM (EPFL) 

Keyword: WC-Co cemented carbides, PVD, coatings, thin films, cutting tools, 

mechanical spectroscopy, internal friction, adhesion 

Abstract: 

Internal friction and elastic modulus measurements have been made on WC cemented 

carbides bound with various Co concentration and coated by physical vapor-deposited 

TiAlN. Two specimen grades with two Cobalt concentration were studied. For all 

specimens, the internal friction spectrum measured in the 700-1400 K temperature range 

exhibits three peaks: P1, P2 and P3. At 1 Hz, the peak P1 appears at about 950 K and P2 

at about 1150 K. These two peaks are related to dislocations in the Cobalt phase. The 

third peak P3 appears at about 1350 K at 1 Hz and it is associated with grain boundary 

sliding of the hard phase. For all specimens, the activation energy corresponding to each 

peak was calculated. All measurements in the uncoated reference material were compared 

with those with coating. It is observed that P1 and P3 are different in samples where the 

thin film is deposited. Such an effect may be related with residual stress relaxation 

stemming from the coating. From the present observations, it can be envisaged to use 

internal friction as a non-destructive test of coating adhesion. 
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Comparative Study of Anti-Corrosive Resistance in Films of Organic Varnishes 

Containing Urethane Resin, Processed Mineral Vermiculite and Silicon Dioxide on 

Carbon Steel 1020 Treated with Zinc Phosphate. 

Oliveira, J.M.D.(1); Wiebeck, H.(1); Esper, F.J.(1); Hernandez, R.P.B.(1); Kanayama, 

P.H.(2);  

(1) USP; (2) Fatec Itaquera; 

Presenter: Fabio José Esper (USP) 

Keyword: Silicon dioxide; processed vermiculite, composites, corrosion. 

Abstract: 

In the development of new composites with corrosion protection properties in ferrous 

materials, it is necessary to identify agents capable of inhibiting the actions of the 

electrochemical processes of the medium where the ferrous material is found. The use of 

urethane (PU) systems, in their aqueous dispersion form in paint formulation, points to 

the need for an anti-corrosion agent with low toxicity to the environment. The objective 

of this work was the comparative study of the electrochemical behavior of urethane (PU) 

composites containing inorganic fillers; silicon dioxide (SiO2) and expanded Vermiculite 

in its processed form (VE). The composites were prepared with these raw materials in the 

concentrations of 6%, 12%, and 24% by mass of Silicon Dioxide (SiO2) and 6%, 12%, 

and 24% by mass of expanded Vermiculite in its processed form (VE). 
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Comparative Study of Anti-Corrosive Resistance in Films of Organic Varnishes 

Containing Urethane Resin, Processed Mineral Vermiculite and Silicon Dioxide on 

Carbon Steel 1020 Treated with Zinc Phosphate. 

Siqueira, G.(1); Oliveira, J.M.D.(1); Wiebeck, H.(1); Hernandez, R.P.B.(1); Carvalho, 

A.C.B.D.(2); Esper, F.J.(1); Pereira, S.R.(3);  

(1) USP; (2) Fatec; (3) Fatec SBC; 

Presenter: Gonçalo Siqueira (USP) 

Keyword: Silicon dioxide; processed vermiculite, composites, corrosion. 

Abstract: 

In the development of new composites with corrosion protection properties in ferrous 

materials, it is necessary to identify agents capable of inhibiting the actions of the 

electrochemical processes of the medium where the ferrous material is found. The use of 

urethane (PU) systems, in their aqueous dispersion form in paint formulation, points to 

the need for an anti-corrosion agent with low toxicity to the environment. The objective 

of this work was the comparative study of the electrochemical behavior of urethane (PU) 

composites containing inorganic fillers; silicon dioxide (SiO2) and expanded Vermiculite 

in its processed form (VE). The composites were prepared with these raw materials in the 

concentrations of 6%, 12%, and 24% by mass of Silicon Dioxide (SiO2) and 6%, 12%, 

and 24% by mass of expanded Vermiculite in its processed form (VE). 
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Non-Destructive Assessment of Fatigue Damage in CFRP Using Amplitude-

Dependent Internal Friction 

Nishino, Y.(1); Kawaguchi, R.(1); Tamaoka, S.(1); Ide, N.(1);  

(1) ; 

Presenter: Yoichi Nishino () 

Keyword: CFRP, Fatigue damage, transverse crack, microplasticity, non-destructive 

testing 

Abstract: 

Carbon fiber reinforced plastic (CFRP) has been increasingly employed for various 

industries as construction materials, with the viewpoints of its superior specific modulus 

and strength. Therefore, the establishment of non-destructive testing for CFRP in various 

stages of its life cycle is required. It is known that an internal friction measurement is 

relatively sensitive to the variation in microstructure, for example, the formation of 

microcracks and crack propagation. We have previously studied the amplitude 

dependence of internal friction and microplasticity in alumina with microcracks [1] and 

carbon fiber reinforced SiC ceramics [2]. The amplitude-dependent internal friction in the 

composites is considered to arise from fiber pull-out or microcrack propagation. 

Therefore, it becomes possible to study non-destructively the forerunning process of 

fracture in fiber reinforced ceramics or plastics. In this study, transverse crack initiation 

in CFRP laminates under fatigue loading has been evaluated focusing on the transverse 

crack growth and saturation. Carbon fiber reinforced epoxy prepreg sheets were prepared, 

and the laminates were manufactured using a normal prepreg compression molding 

process. We utilized quasi-isotropic CFRP laminates of UD[60°/-60°/0°]s lay-up. Fatigue 

tests were conducted under repeated tensile loading, where the maximum stress level was 

selected as 50% of the failure stress (stress ratio R=0.1). Internal friction was measured 

in the fundamental mode of free-free resonant vibration as a function of strain amplitude. 

When subjected to fatigue loading up to 104 cycles or more, the internal friction increased 

with increasing number of cycles, in parallel with the occurrence of in-layer transverse 

cracking. Under fatigue loading of more than 105 cycles, delamination with a width of 1 

mm or less occurred at the tip of transverse cracks, so that the internal friction increased 

remarkably and became sensitive to the strain amplitude. The internal friction data in 

CFRP subjected to fatigue loading have been analyzed based on the microplasticity theory 

and converted into the plastic strain expressed as a function of stress [3]. The microplastic 

flow indeed occurs in the stress range two or three orders of magnitude lower than the 

failure stress. There is also a general tendency for the microplastic stress-strain curves to 

shift to a lower stress as the number of cycles increases, thus indicating a decrease in the 

CFRP strength. In order to make clear the variation of the CFRP strength, the microflow 

stress is defined as a stress at the plastic strain of 1×10-8. The microflow stress keeps 

almost a constant value of about 0.4 MPa in the range less than 103 cycles, but decreases 

sharply above 104 cycles. On the other hand, the flexural rigidity evaluated from the 

resonant frequency does not change in the range less than 104 cycles but decreases at 

around 105 cycles and above. When subjected to fatigue loading up to 104 cycles, we 

have found only several transverse cracks but observed almost no delamination in CFRP 

laminates. In this state, the microflow stress decreases significantly, while there is no 
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change in the flexural rigidity. Thus, the amplitude-dependent internal friction is sensitive 

to CPRP fatigue damage, so that the fatigue deterioration can be detected even before the 

reduction in the flexural rigidity occurs. Further, the amplitude-independent internal 

friction has been found to increase almost linearly with the number of transverse cracks 

in the outer layer of CFRP laminates. We conclude that the mechanical properties relating 

to the transverse crack initiation in CFRP laminates can be evaluated very sensitively by 

means of the amplitude-dependent internal friction. We are grateful to H. Goto, 

Automobile R&D Center, Honda R&D Co., Ltd. for CFRP sample preparation and 

technical discussion. [1] Y. Nishino, T. Murayama and S. Asano: Philos. Mag. A, 65 

(1992) 1187-1197. [2] H. Ogawa, Y. Nishino and S. Asano: J. Japan Inst. Metals, 59 

(1995) 788-792. [3] Y. Nishino and S. Asano: Phys. Stat. Sol. (a), 151 (1995) 83-91. 
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C.(3);  
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Presenter: Mauro Zampieri Louzada (UFRRJ) 
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Abstract: 

The polymer industry uses the incorporation of fillers to improve several properties of 

materials, changing the surface appearance, processing and, particularly, reducing costs 

of the polymer composition. The waste recycling in this sector can be a sustainable 

alternative since the cost of load and its effects on the final price of the composite with 

influence strongly its choice. Thus, the knowledge of the features of element load and its 

interaction with the polymer matrix become fundamental to evaluate the synergism of 

properties between these phases. The aim of this work was to study the properties of 

polymer composite formed by an epoxy resin matrix reinforced with alumina corundum 

filler. Different blend compositions (0 wt%, 1wt%, 5%wt% and 10 wt% alumina 

corundum) were moulded in silicone to obtain samples of dimensions 50 mm x 10 mm x 

3 mm. The results were obtained from the characterization of the powder by Scanning 

Electron Microscopy (SEM) and X-ray Diffraction (XRD) and the composites were 

characterized by thermal-dynamic-mechanical analysis (DMTA). Preliminary results 

showed that the addition of alumina corundum as a filler in epoxy resin is a good strategy 

for its utilization and appreciation in the polymer industry. 
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Arlic, U.(1); Schmücker, M.(2);  
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Abstract: 

Fatigue behaviour of an all-oxide ceramic matrix composite (CMC) was investigated by 

amplitude dependent internal friction. The alumina-based porous matrix CMC 

(WHIPOX® = Wound HIghly Porous Oxide) shows high temperature resistance and 

quasi-ductile (non-brittle) deformation behaviour. The quasi-ductile behaviour of 

WHIPOX-CMC results from matrix micro-cracking, fiber matrix debonding, and gradual 

delamination. Accumulation of defects occurring by mechanical fatigue of WHIPOX-

CMC is observed by strain related logarithmic decrement measurements of free decay 

mode. Amplitude dependent internal friction measurements will be presented as an 

effective method to characterise fatigue related behaviour at ceramic-matrix-composites. 
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Mechanical spectroscopy study of Polycrystalline Diamond 

Mari, D.(1); Konyashin, I.(2);  
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Abstract: 

Bulk Polycrystalline Diamond (PCD) samples made by hot pressing was extracted from 

the surface of tungsten carbide drill bits first by spark erosion and the n by laser cutting. 

The sample contains 3wt%Co as binder. Small amounts of WC can be present in some 

cases. Samples were measured in a forced pendulum between 100 K and 700 K. A 

relaxation peak located at 300 K at 1 Hz was found in the material. The peak looks a 

perfect Debye peak with a broadening close to 1 and an amplitude of 1.7 10-3. The 

activation energy is 0.6 eV/atom. The crystalline structure of the material studied by x-

ray diffraction reveals pure diamond and in a very small quantity c.f.c cobalt. All data 

indicate that this peak is truly located in the diamond structure and it is related to point 

defects. From the collected data and the calculated activation energy we can speculate 

that to a relaxation of related to the presence of residual sp2-sp3 bonds. 
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Strain Glass and Its Detection by Mechanical Spectroscopy 

Ren, X.(1);  
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Presenter: Xiaobing Ren (NIMS) 
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Abstract: 

For more than a century, martensite - a micron-sized microstructure, has played a central 

role in both structural materials (e.g., steels and Ti-alloys) and functional materials (e.g., 

shape memory alloys). The mechanical and functional properties of these materials arise 

from the micron-sized martensite and martensitic transformation, and the manipulation 

of which by temperature, stress, and magnetic field can lead to effects of technologically 

importance, such as shape memory effect and superelasticity. Contrasting with such 

martensite materials, over the past decade a class of martensite-derived materials called 

“strain glass” have been reported, which are characterized by nano-sized martensite 

domains and a sluggish strain glass transition. Strain glass is a frozen disordered 

ferroelastic state with short-range strain order only. It is a conjugate state to the long-

range ordered ferroelastic state or martensite. Strain glass bears all the features of a glass, 

being parallel to other types of glasses such as relaxor ferroelectrics and cluster spin 

glasses. The origin of strain glass is discussed in terms of local frustration caused by point 

defects/alloying atoms. It is found that mechanical spectroscopy, in particular multi-

frequency dynamical mechanical analysis (DMA), can provide most important 

information revealing the glassy dynamics of the strain glass transition and thus becomes 

the most effective probe for the detection of strain glass and strain glass transition. Novel 

properties of strain glass arising from nano-sized strain glass domains responding to 

stress, temperature, and magnetic field are demonstrated, such as nearly hysteresis-free 

superelasticity over wide temperature range, Invar (zero thermal expansion), Elinvar 

(constant elastic modulus) effect, and large magnetostriction with small hysteresis. These 

properties may enable strain glass materials to become a new class of smart/structural 

materials. 
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x)LaxTiO3 lead free electroceramics 
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Presenter: Julio Cesar Camilo Albornoz Diaz (UFSCar) 
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Abstract: 

The effect of La substitution in [(Bi0.5Na0.5)0.94Ba0.06](1-x)LaxTiO3 (BNBT6-

100xLa) has been studied by synchrotron X-ray diffraction, mechanical and dielectric 

spectroscopies and ferroelectric hysteresis loops. Ceramic samples of BNBT6-100xLa, 

with x=0, 0.001, 0.007, 0.014 and 0.02, were prepared via the conventional mixed-oxide 

method. X-ray diffraction patterns obtained for all the sintered samples at room 

temperature (RT) confirm the formation of perovskite structure without spurious phases. 

The BNBT6-0La composition was confirmed, using the Rietveld refinement method, to 

be at the morphotropic phase boundary of the BNT-BT system. When lanthanum is added, 

a clear evolution towards the tetragonal phase was observed, with corresponding 

disappearance of the rhombohedral peaks. The stabilization of the tetragonal phase is in 

agreement with an increase of the average A ionic radius in the ABO3 perovskite structure 

(or equivalently, with an increase in the tolerance factor). A possible mix of different 

types of tetragonal phases (at RT) was indicated by the splitting of the peaks of the 

tetragonal phase starting from the composition BNBT6-0.7La, and by the evolution of the 

ferroelectric hysteresis loops (at RT) with increasing La. The addition of lanthanum 

produces evident but not monotonic variations in the mechanical and dielectric responses. 

From the mechanical and dielectric measurements two principal anomalies were 

observed, corresponding to two phase transitions for each composition. The broad form 

of the observed transitions indicate in every case a diffuse character, as in the La-free 

composition. Acknowledgments: CNPq, CAPES (grant 88881.062225/2014-01) and 

grants \#2012/08457-7, \#2013/00134-7 São Paulo Research Foundation (FAPESP). 
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Abstract: 

The field of multiferroics has been intensively investigated in the last decades, due to the 

interest in materials which would allow the simultaneous control of multiple order 

parameters [1]. Recently [2] we have reported the evolution of structural, dielectric, 

ferroelectric and ferromagnetic properties in novel (Pb1-3x/2Ndx)(Ti0.98-

yFeyMn0.02)O3 perovskite ceramics (x = 0.08, 0 <= y <= 0.05), where we found room 

temperature ferroelectric polarization and ferromagnetism for higher amount of iron ions 

(y >= 0.04). However, the properties of these materials, and generally of materials with 

diluted magnetic ions content, are very sensitive to processing parameters and need a 

good understanding of the different mechanisms implied in substitution and processing 

steps, which can be obtained only from correlations between different techniques. In this 

study combined anelastic and dielectric spectroscopy measurements are presented, which 

identify a peculiar double phase transition, with temperatures depending on the amount 

of iron content. A discussion of these findings is corroborated with results obtained from 

X-ray diffraction as a function of temperature, X-ray photoelectron spectroscopy, 

Mössbauer spectroscopy, transmission electron microscopy and magnetic measurements. 

Financial support from Joint Project CNR – Romanian Academy “Study and 

Development of Single-Phase Multiferroic Perovskite Ceramic and Thin Films for 

Multifunctional Devices” is gratefully acknowledged. [1] N. A. Spaldin, M. Fiebig, 

Science 309, 391 (2005). [2]. F. Craciun, M. Cernea, V. Fruth, M. Zaharescu, I. Atkinson, 

N. Stanica, L. C. Tanase, L. Diamandescu, A. Iuga, C. Galassi, Materials and Design 110, 

693 (2016). 
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Abstract: 

The elastic properties of ferroelectric (FE) materials are usually measured by 

piezoelectric excitation of poled samples, in order to obtain the complete set of materials 

constants necessary for the material characterization and for predicting the behavior of 

devices, but they can actually provide more valuable information. In the first part of the 

talk it will be shown that it is possible to quantitatively asses the piezoelectric response 

of ferroelectric materials from the temperature dependence of the elastic moduli and 

dielectric constant of unpoled samples [1]. Avoiding the poling process is attractive for 

several reasons: poling often causes severe stress of the samples, with possible cracking, 

and the level of poling may be incomplete, due to the high coercive field, microstructure, 

excessive electrical conductivity or thermally induced domain switching. The values 

obtained from unpoled samples are therefore closer to the intrinsic ones, even in 

conditions where proper poling is impossible, which is useful, for example, when testing 

new materials. In addition, it is also possible to probe the enhancement of the piezoelectric 

coefficients near morphotropic phase boundaries or other transitions between different 

FE phases [2]. Examples are shown of ceramic samples excited on their flexural 

resonances, where only an orientational average of the piezoelectric coefficients is 

obtained, but it is shown that the measured piezoelectric softening in the tetragonal phase 

of ceramic BaTiO3 agrees within few percent with the orientational average calculated 

with the literature single crystal piezoelectric and dielectric constants. Resonant 

Ultrasound Spectroscopy experiments on unpoled ceramics can in principle provide the 

complete set of elastic and piezoelectric constants, which has already been done with 

poled samples [3]. Next will be considered the structural defects introduced by repeated 

transitions between FE and antiferroelectric (AFE) states and aging with coexisting FE 

and AFE domains. These defects would affect the performance of devices based on the 

transitions between FE and AFE states, such as high displacement actuators and high 

energy storage capacitors. The Young’s modulus of Zr-rich (PbZr1-xTixO3) PZT is 

measured during several thermal cycles through the FE/AFE transition and during aging 

at room temperature at compositions x ~ 0.05, where the FE phase may coexist for long 

time together with the AFE ground state, due to the slow kinetics of the transition. Under 

these conditions the samples undergo softenings as large as four times the initial 

compliance, which however are completely recovered by fast annealing at 700-850 K [4]. 

Since these annealings are made in high vacuum, filling of O vacancies is excluded, and 

also healing of possible microcracks generated by the mismatch between AFE and FE 

domains is unlikely at such low temperatures. It is therefore discussed how the native O 

vacancies formed during sintering with PbO loss might form planar aggregation at the 

AFE/FE walls, which may be assimilated to flat inclusions with much reduced elastic 
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moduli. According to the available models of the effect of pores on the effective elastic 

moduli, a small volume concentration of planar defects would be very effective in 

softening the material. [1] F. Cordero, F. Craciun, F. Trequattrini and C. Galassi, Phys. 

Rev. B 93, 174111 (2016) [2] F. Cordero, H. T. Langhammer, T. Müller, V. Buscaglia 

and P. Nanni, Phys. Rev. B 93, 064111 (2016) [3] L. Tang and W. Cao, Appl. Phys. Lett. 

106, 052902 (2015) [4] F. Cordero, F. Craciun, F. Trequattrini, P. Galizia, and C. Galassi, 

J. Appl. Phys. 120, 064104 (2016). 
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Abstract: 

Due to the growing interest in developing new environmental friendly materials, capable 

to eliminate toxic elements from technological dispositives, some progress already been 

made in the specific area of lead-free electroceramics. The quest to replace lead–

zirconate–titanate (PZT) as the main material for electromechanical devices such as 

actuators, sensors, transducers, etc., put the BNT-based and KNN-based solid solutions 

as the major promisor candidates for this purpose. Highlighting the binary (Bi,Na)TiO3- 

BaTiO3 and ternary (Bi,Na)TiO3-(Bi,K)TiO3-BaTiO3 (BNBK) systems. This work is 

focused in the study of the ternary BNBK system around his morphotropic phase 

boundary (MPB) by mechanical spectroscopy at high and low frequencies and electrical 

measurements, being the compositions to study x(Bi0.5Na0.5TiO3)-0.72(1-

x)Bi0.5K0.5TiO3-0.28(1-x)BaTiO3 (BNBK100x) with x = 0.82, 0.88 and 0.93 mol%. 

The studied ceramics samples were prepared via the conventional mixed-oxide method. 

Drastic differences in the mechanical and dielectric responses are evident, linking this 

with the composition and his different structural properties. The obtained anelastic spectra 

(at low and high frequencies) permit elucidate the principal phase transitions displayed 

by every composition. Comparatively, from the mechanical and dielectric 

measurements is possible to relate some common anomalies, however, are not completely 

clear the involved physical mechanisms. Acknowledgments: PVE/CAPES (processes 

88881.062225/2014-01 and 88881.030500/2013-01) and grant #2012/08457?7, grant 

#2013/00134?7 São Paulo Research Foundation (FAPESP) 
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Abstract: 

Granular matter usually displays frozen, jamming and fluidized states when submitted to 

a external vibration with increasing intensity. The dissipation properties of granular 

systems with three different millimeter-size glass grains (0.1, 0.5 and 1.9 mm) have been 

investigated by a modified low-frequency inverted torsion pendulum under a shear strain 

and an external pressure. With increasing the immersed depth of the oscillating cylinder, 

all the systems show the frozen, jamming and fluidized behaviors. However, the critical 

depth at which the transition from frozen to jamming occurs increases with increasing 

grain size, but decreases with the introduction of pressure. A phenomenological model is 

tentatively proposed to explicate the underlying mechanism of complex viscoelastic 

properties of the glass particle systems. 
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Abstract: 

Zener relaxation is studied in binary and ternary Fe-Ga based alloys. Several regularities 

are proved: i. Concentration dependence of Zener relaxation in binary Fe-Ga alloys, ii. 

Transient internal friction contribution in the same range with Zener relaxation, iii. Zener 

relaxation in ternary Fe-Ga-Al alloys: frequency- vs temperature dependent internal 

friction. Activation energies and pre-exponential time t0 for the Zener relaxation are 

measured by using both temperature- (dynamical mechanical analyser DMA Q800 TA 

Instruments) and frequency- (forced torsion pendulum) dependent internal friction tests 

(frequency variations from 10-4 to 102 Hz). Especially focussed on iii., the measurements 

of frequency- vs temperature dependent internal friction are conducted for Fe-13Ga 

binary and Fe-12Ga-5Al ternary alloys in the metastable (as cast or quenched) and 

equilibrium states. Transient effects are avoided by using frequency dependent internal 

friction tests at selected temperatures. The Arrhenius treatment of relaxation effects in 

single- and polycrystals allows to identify the Zener effects in ternary alloys and to 

analyse them with respect to alloy structures. 

  



 
 
 
 
 
 
 
 
 
 

 
34 

 

 

404-002 

Twin boundary peak in a Co-Ni-Cr super-alloy 

Cosimati, R.(1); Mari, D.(1);  

(1) EPFL; 

Presenter: Raffaele Cosimati (EPFL) 

Keyword: Internal friction, twin relaxation, NiBe, precipitation, superalloy 

Abstract: 

The anelastic behavior and the microstructural changes of a Co-Ni-Cr super-alloy were 

monitored in the temperature range 250-900°C, by using complementary techniques as 

mechanical spectroscopy, thermoelectric power (TEP) and transmission electron 

microscopy (TEM). Two grades of this alloy were used, differing for the presence of a 

small quantity of beryllium (up to 1.5% at.) in one of them. Thermoelectric power reveals 

two distinct precipitation stages. The first precipitation (A) occurs after annealing 

between 550°C and 600°C on both the grades with and without Be, and it is responsible 

for a remarkable hardening. A second precipitation (B) occurs solely in the grade with 

beryllium for longer annealing time at 700°C. By TEM and APT analysis, precipitates B 

are identified as NiBe intermetallic compounds, having a b.c.c. structure in a f.c.c. matrix. 

The mechanical loss spectrum of the cold-worked alloy exhibits on heating a transient 

large mechanical loss peak, associated to the recrystallization of the deformed material, 

and two relaxation peaks situated at around 600°C (P1) and 780°C (P2) at 0.1 Hz. Instead, 

only one peak (P1) is detected on the fully recrystallized material. The parameters 

characterizing the peaks P1 and P2 suggest that they can be attributed to the diffusion 

process involved in the first precipitation stage (A) and to the grain boundary motion, 

respectively. The mechanism at the origin of the peak P2 are discussed: dislocations or 

grain boundary sliding may be responsible for such a peak. The peak is absent in a fully 

recrystallized material. In the beryllium-containing alloy, the peak P2 shows a hysteretic 

behavior between heating and cooling that could be interpreted by the dissolution and re-

precipitation of NiBe. However, electron microscopy observations show that this could 

only occur in grain boundaries or twin boundaries. On the other hand, the activation 

energies of such peak, measured both isothermally and in temperature scanning spectra, 

are apparent or too high for a dislocation mechanism. It is concluded that the peak P2 

should be attributed to twin boundary migration. A model based on the calculation of the 

peak amplitude for grain boundary migration accounts for most of the features of the peak 

P2. 
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Abstract: 

Many industrially important alloys and steels are intentionally processed and explored, 

as metastable microstructures comprising a supersaturation of crystal defects in various 

forms of aggregation. Even though it is well understood that this microstructural 

complexity governs the material performance, the defects composition, thermal stability, 

how they are distributed and in which concentrations are not yet resolved experimentally. 

Hardened ferritic steels are important example where the lattice defects play deterministic 

role in their deformation behavior, e.g. a body-centered cubic (bcc) iron lattice with 

carbon content in excess of equilibrium, supersaturation of vacancies, and high 

dislocation density. While it is long-known that carbon atoms dispersed in the matrix of 

iron and steels have an influence on the type of defects produced [1], it is only recently 

that atomistic simulations have clearly and quantitatively revealed that carbon atoms bind 

very strongly to vacancies, giving rise to the formation of a whole fauna of carbon-

vacancy (mCnV) complexes [2]. These complexes may act as traps for other defects, 

which suggests that hardening in iron and its alloys will be the consequence of the 

interaction of dislocations with complex defects formed by not only point defects but also 

carbon atoms. In this context, the formation of mCnV clusters is the triggering 

mechanisms for the growth of other complex defects. It is therefore crucial, in order to 

understand more in depth the origins of hardening in iron alloys and steels, to be able to 

detect experimentally the presence of these mCnV clusters. In this study, the focus is 

given on the examination of relaxation processes which occur in the internal friction 

spectra of a variety of iron alloys and steels with different carbon concentrations, and out-

of-equilibrium vacancy concentrations, achieved either by fast cooling (quenching) or 

plastic deformation. In all samples, irrespective of the initial conditions, similar relaxation 

peaks are found. The relaxation peaks are analyzed on the basis of the Debye relaxation 

model and their activation energies and integrated intensities are determined. By 

comparing the results with theoretical calculation, positron annihilation spectroscopy 

results, and magnetic after effect measurements, the observed relaxation processes are 

assigned to the dissolution of carbon-vacancy (mCnV) clusters [3]. Dissolution occurs by 

the emission/migration of carbon atoms and vacancies from the cluster, so the dissolution 

processes appear as a non-reversible point defect type of relaxation peaks in an internal 

friction spectrum. Dissolution energies and relaxation strengths (concentrations) of 

various mCnV clusters are found to be in the correct energy range according to density 

functional calculations. [1] P. Hautojärvi, et al., Phys. Rev. Lett. 44 (1980) 1326. [2] C. 

J. Först et al., Phys. Rev. Lett. Phys. Rev. Lett. 96 (2006) 175501. [3] M. J. 

Konstantinovi? and L. Malerba, J. Nucl. Mater (2017). 
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Abstract: 

Fe-Ga alloys exhibit unique functional properties such as magnetostriction that can be 

varied from the highest positive values among iron-based alloys to negative values 

including zero magnetostriction, if proper compositions and heat treatments are chosen. 

This remarkable behavior is related to rather complex phase transformation sequences in 

this alloy family that are still unresolved. Phase transitions (A2 ? D03 ? L12 ? D019 ? 

B2) in the as-cast Fe-27Ga are carefully studied using SEM EBSD, MFM, XRD 

techniques, in situ neutron diffraction, magnetostriction tests and mechanical 

spectroscopy in the range from room temperature up to 850°C. Special attention is paid 

to influence of rare Earth elements (Tb) on the phase transitions. Isothermal annealing of 

the alloy was applied to obtain different ratios between bcc and fccderivative phases. A 

very strong anisotropic broadening of diffraction peaks was observed and related to 

micro-deformations in crystallites. The EBSD analysis shows that residual strains are 

inhomogeneously distributed within the transformed fcc grains and are concentrated at 

grain boundaries and triple junctions. Upon heating this first order transition leads to 

transient IF effects related to D03 ? L12 and D019 ? B2 transitions. In contrast, the L12 

? D019 transition in Fe-27Ga and second order D03 ? B2 transition in Fe-26Al and several 

Fe-Ga alloys with 13-21Ga are not accompanied with significant micro-deformations in 

crystallites and these transitions lead to a smaller IF transient effect (?-peak). We also 

demonstrate that the phase transition from an ordered bcc-derivative D03 phase to an fcc-

derivative ordered L12 phase first leads to disordering of the D03 phase to obtain an A2 

structure followed by an A2 to ?1 transition with final A1 phase ordering to achieve the 

L12 structure. Interrupted isothermal annealing leads to the formation of an intrinsic 

composite microstructure with a given ratio between bcc-derivative and fcc-derivative 

phases that have different magnetic properties. Depending on the ratio of these phases, 

magnetostriction values of the alloy are characterized by ?S from +100 to -50 ppm 

including ?S = 0 at a magnetic field H > 100 kA/m for alloy with L12:D03 = 2:1. Tb 

significantly slows down formation of closed packed structures and contributes into 

increase in absolute values of magnetostriction. The results of this work present the details 

of the phase transformations occurring in the Galfenol and related transient anelastic 

effects, and they also pave the way for tuning the microstructure of the alloy in such a 

way that the magnetostriction of the material can be tuned in a controlled way to meet the 

demands of a given application. 
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Abstract: 

Compared with the normal relationship between temperature (T) and modulus (E) in most 

materials, phase transition such as martensitic transformation (MT) and magnetic 

transition could result in the hardening of modulus, which led to the result of dE/dT>0 

within a narrow range of T (<100K). It is possible to tune the range of T and broaden it 

to about 200K through combining MT and paramagnetic-antiferromagnetic (P-A) 

transition in MnFeCu alloys. The alloying elements play a key role in separating the Ms 

(the start temperature of MT) from the TN (the temperature of P-A transition), in which 

the first-order MT made a greater contribution to the maximum value of (TN-Ms) than 

the second-order magnetic transition. Its intrinsic mechanism is that MT can further 

continue the hardening of modulus even after the P-A transition had ended. This wide 

range of T keeps stable under different cooling and heating rates. An expression of dE/dT 

related to T was deduced based on the proposed Landau free energy model and the 

corresponding theoretical curve (dE/dT-T) would give rise to a reasonable explanation on 

the experimental results observed in Mn-based alloys. A modulus-temperature-

composition phase diagram was rewritten to describe the related critical behaviors and 

there exists a specific triangle zone in which dE/dT>0. The present results may enrich the 

approaches of designing new kinds of functional materials, e.g. the elastic and Elinvar 

alloys, based on the abnormal modulus. 
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Abstract: 

Damping of Fe-Al alloy electrodeposited in an ionic liquid O.A. Lambri (a), B. 

Weidenfeller (b), F.G. Bonifacich (a), P. Giridhar (c), J. Xu (c), L. Weidenfeller (d), F. 

Endres (c) a) CONICET-UNR, Laboratorio de Materiales, Esc. de Ing. Eléctrica, Fac. de 

Cs. Exactas, Ingeniería y Agrimensura, Rosario, Argentina b) IEC Department of 

Materials Science, Clausthal University of Technology, D-38678 Clausthal-Zellerfeld, 

Germany c) Institute of Electrochemistry, Clausthal University of Technology, D-38678 

Clausthal-Zellerfeld, Germany d) Institute of Physics, University of Kassel, D-34132 

Kassel, Germany The grain sizes of soft magnetic alloys electrodeposited in an ionic 

liquid can be varied in a wide range by changing the deposition conditions. Regarding 

soft magnetic materials, a deposition of single domain crystals is interesting due to 

expected nearly zero magnetization reversal power losses. Furthermore, by changing the 

deposition voltage the composition of the deposit can be varied. Iron–aluminium alloys 

were electrodeposited from the ionic liquid 1-butyl-1-methylpyrrolidinium 

trifluoromethylsulfonate, [Py1,4]TfO on a copper substrate. A solution of (0.2 M FeCl2 

+ 2.75 M AlCl3)/ [Py1,4] TfO was used at a temperature of T=363 K because this mixture 

is a solid at room temperature. The deposit was characterized by cyclic voltammograms 

(CV), SEM, XRD, magnetic measurements, and mechanical spectroscopy. The onset of 

iron deposition was found to occur at a potential of -0.52V, the onset of iron–aluminium 

codeposition was found to be around -0.95V and the onset of bulk aluminium deposition 

was found to be at -1.9V. At the chosen potential of -1.7V a Fe-2.5wt%Al alloy of 

approximately 10µm thickness after 2 hours was deposited. Grain sizes estimated by 

SEM, XRD and magnetic measurements were lying at 50-75nm. Due to the moisture 

sensitivity of the ionic liquid and the susceptibility to corrosion of the deposit, the 

preparation was done in a glove box under Ar atmosphere and the mechanical 

spectroscopy measurements were done with a torsion pendulum under high vacuum 

(?2?10-5Pa) at a heating rate of 1.5 K/minute. The damping spectrum of the first heating 

run from RT up to 980 K contains superposing peaks at around 400K, 500K, 560K, 710K, 

and 860 K, whereas the main peak with a height of Q-1=0.07 is at T=710 K. In the first 

cooling run down to RT a significant decrease of all observed peaks can be seen. The 

main peak at 710 K is still remarkable and also the peak at 500 K is clearly observable. 

In a second heating run up to 1200 K both peaks are visible with nearly the same height 

as in the first cooling run. In the second cooling run down to RT a further clear reduction 

of the peaks is visible and only the main peak remains in the damping spectrum at a lower 

temperature of approximately 690 K. The dynamic shear modulus, G’, is reduced with 

increasing temperature and corresponding to the peaks in the damping spectrum, steps in 

the modulus appear. The modulus from the first to the second run is clearly reduced. The 
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damping spectra after the first thermal cycle could be explained considering the grain 

boundary relaxation peaks for the cooper substrate, i.e. solvent, solute and particles at the 

grain boundaries. In contrast, the spectrum during the first heating will be discussed 

considering relaxation processes occurring in Fe-Al and Fe-Al-Cu systems. 
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Abstract: 

Titanium (Ti) and its alloys have been extensively applied in aerospace, aeronautic, 

automobile and biomedical industries. The metal presents an hcp crystalline structure 

(alpha phase), with an allotropic transformation to bcc (beta phase) at 883 ºC, besides 

other metastable structures. Ti is also strongly reactive with interstitial gases (O, C, N and 

H) and transition metals (Nb, Ta, Zr, Mo, etc). Ti-based materials generally present high 

specific strength, excellent corrosion resistance, relative low Young’s modulus and 

biocompatibility. Ti-15Zr-Mo alloys have been recently developed for biomedical 

materials, possessing excellent mechanical compatibility for use as load-bearing 

implants. Considering that the amount of interstitial can strongly affect the mechanical 

properties of the material, this study aims to investigate its effect in the anelastic 

relaxation processes and diffusional parameters of Ti-15Zr-xMo (x = 0, 5, 10 and 15 wt%) 

alloys. The samples were made by argon arc-melting, with subsequent homogenization 

treatment at 1273 K in ultra-high-vacuum (UHV), for 86.4 ks, and slow cooled. After 

that, the ingots were hot-rolled at 1273 K and air-cooled. The samples were then 

submitted to oxygen doping processes by gas charge, at 1173 K, for 7.2 ks and water 

quenched. The doping process was conducted in UHV system, having the atmosphere 

changed by gas pressure of 0, 0.1, 1 and 10 Torr. Compositional analysis was carried out 

by ICP-OES and IR absorption. Phase composition and microstructure were evaluated by 

XRD and SEM. Mechanical spectroscopy were performed by dynamical mechanical 

analysis, between room temperature and 723 K, at 1 K/min, and frequencies from 1 Hz 

up to 40 Hz. Relaxation processes and diffusional parameters were obtained from the 

anelastic curves and compared in terms of oxygen content. The results showed that stress-

induced ordering occurred mainly in ?-type alloys (Ti-15Zr-10Mo and Ti-15Zr-15Mo), 

having oxygen content increased the intensity and broadened the anelastic peaks. Peak 

fitting analysis presented relaxation processes based in matrix-interstitial (Ti-O and Ti-

O-O) and substitutional-interstitial (Zr-O, Zr-O-O and Mo-O) interactions. Elastic 

modulus exhibited a gradual decline in all samples, due to the natural weakness of metal 

bonding with the temperature. Diffusional parameters exhibited dependence of both 

substitutional and interstitial elements. (Financial support: CNPq and Fapesp) 
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Abstract: 

TWIP steel is a high Mn alloy steel with extraordinary plasticity and moderate strength. 

The excellent plasticity originates from deformation twins as well as interactions among 

twins, dislocations and grain boundaries. To understand the interactions and their 

contributions to the mechanical properties of TWIP steel, plastic working, i.e. cool-

rolling, and subsequent annealing treatments at varied temperatures were performed to 

produce different amounts and configurations of these defects, and then internal friction 

(IF) and tensile experiments were carried out in a wide range of conditions. It is found 

that an IF peak appeared at around 320 deg in the IF-temperature spectra for the as-rolled 

samples. The peak height was progressively decreased as the annealing temperature was 

elevated, and the location was shifted to lower temperatures as the frequency was 

decreased. Moreover, the peak height show indiscernible dependence on the amplitude 

and it was declined very little with decreasing the amplitude. The tensile measurements 

show that the as-rolled samples exhibited the highest strength but lowest plasticity, while 

the annealed ones at the highest temperature showed the lowest strength but highest 

elongation. For example, the strength and elongation was 790MPa and 47% in the as-

rolled state but they were 630MPa and 86% in the 1050 deg annealing state, respectively. 

It is therefore concluded from above results that the IF peak is mainly related to 

dislocations including their density and mobility. The mechanical properties of TWIP 

steel have a lot to do with the amount of retained deformation microstructures, or in other 

words, the strength and plasticity of TWIP steel can be effectively tailored by changing 

the amount and configuration of crystalline defects. 
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Dislocation-point defects interaction in tungsten for ITER applications 

Richetta, M.(1); Fava, A.(1); Montanari, R.(1); Pakhomova, E.(1); Varone, A.(1);  

(1) IIN; 

Presenter: Maria Richetta (IIN) 

Keyword: Tungsten, Dislocation, Point Defects 

Abstract: 

Elastic and anelastic characteristics of tungsten for applications in ITER (International 

Thermonuclear Experimental Reactor) as armour material for plasma facing components 

have been investigated by internal friction (IF) and dynamic modulus measurements from 

room temperature to 1123 K. At 300 K the elastic modulus E = 339 GPa depends on the 

residual porosity (5%). The IF spectrum exhibits a relaxation peak, superimposed to an 

exponentially increasing background. The relaxation peak is a single Debye peak with 

activation energy H = 75.15 kJ mole-1 and pre-exponential factor ?0 = 1.49 x 10 e-9 s. 

Its intensity increases as dislocation density increases after cold-rolling. It has been 

explained as a ? peak due to dislocation interaction with intrinsic point defects. 
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The Hydrogen Cold-Work Peak in BCC Iron Revisited 

Gibala, R.(1);  

(1) UM; 

Presenter: Ronald Gibala (UM) 

Keyword: Iron, Hydrogen, Dislocations 

Abstract: 

This paper examines some key experimental and theoretical results on the cold-work (or 

Snoek-Köster) peak in deformed bcc iron due to hydrogen and interprets the results in the 

context of computational investigations using density functional theory (dft). The analysis 

suggests that Seeger's interpretation of the hydrogen cold-work peak (Hcwp), involving 

the motion under stress of hydrogen with kinks on non-screw dislocations and associated 

with the intrinsic-dislocation alpha peak, has substantial merit. Moreover, the solute 

dragging theory of Schoeck offers a plausible quantitative description of the dislocation-

solute interaction process and leads to a hydrogen-mixed dislocation binding energy of 

~0.3 eV. Additionally, the very different theory of Hirth -- that the Hcwp involves 

hydrogen-screw dislocation interaction and is manifested as the temperature-reduced 

intrinsic-dislocation gamma peak caused by the presence of hydrogen -- has some merit 

in that dft calculations disclose the same magnitude of ~0.2 eV of hydrogen-screw 

dislocation binding as inferred from Hirth's theory. We explore possible roles in the 

internal friction spectra and other experimental results of hydrogen-vacancy binding, 

which has been shown by dft calculations to be characterized by larger binding energies, 

of the order 0.6 eV, than perhaps previously acknowledged. The role of hydrogen binding 

with other solutes, involving small binding energies of the order 0.1 eV, is also discussed. 
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Applications of Internal Friction tests for a better understanding of Dynamic Strain 

Aging and fatigue phenomena in industrial C-Mn steels 

WAGNER, D.(1);  

(1) UPN; 

Presenter: Danièle WAGNER (UPN) 

Keyword: Internal Friction, Dynamic Strain Aging, Fatigue, industrial steels 

Abstract: 

Applications of Internal friction tests for a better understanding of Dynamic Strain Aging 

and Fatigue phenomema in industrial C-Mn steels X. Pu, J. Petit, I. Darbord–Ranc, D. 

Wagner University Paris Nanterre, LEME laboratory, 50 Rue de Sévres, 92410 Ville 

d’Avray, France Internal Friction tests have been performed on two Carbon Manganese 

steels of grade A48 and A42 (French standard). The A 48 grade material is a silicon semi-

killed steel containing a very low aluminium content (0.004%) which does not allow the 

full precipitation of nitrogen atoms by aluminium nitride (AlN) formation during cooling 

from the austenitic domain and a large amount of free nitrogen is still present in the lattice. 

The A 42 grade material is a fully-killed steel containing a larger aluminium content 

(0.045%), so that almost the whole of nitrogen atoms are trapped. The Internal Friction 

technique which allows to evaluate the balance between carbon and nitrogen atoms free 

in the lattice and carbon and nitrogen atoms interacting with mobile dislocations is used 

for a better mechanism understanding of two phenomena as Dynamic Strain Aging and 

Fatigue Crack process. In the Dynamic Strain Aging, the ductility loss or the UTS 

increase is shown to be proportional to the Snoek Peak height. During the fatigue tests, 

the self-heating of the specimens (measured by an Infra-red camera) which is due to 

dislocations gliding is well correlated to the Cold Work Peak height. This study, through 

two applications, shows the internal friction tests benefit for a better understanding of 

mechanical properties, even for industrial materials. 
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Application of mechanical spectroscopy to characterization of dual-phase steels 

Miyata, T.(1); Numakura, H.(1); Haga, J.(2);  
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Presenter: Tomoyuki Miyata (OPU) 

Keyword: Fe-C martensite,Snoek relaxation,dual-phase steel,non-destructive 

characterization 

Abstract: 

Dual-phase low-alloy (DPLA) steels consisting of ferrite and martensite microstructure 

exhibit adequate strength and formability for automotive components. We demonstrated 

that mechanical spectroscopy can be a useful tool for non-destructive and quantitative 

characterization of carbon dissolved in ferrite, which is one of the important factors 

controlling the strength [Honda et al., Solid St. Phenom. 184 (2012), 87]: using model 

Fe-C binary alloys, the concentration of C in solution in the bcc phase, of the order of 100 

mass ppm, can be evaluated with satisfactory accuracy from the magnitude of the Snoek 

relaxation and the volume fraction of ferrite. In the present work we applied the method 

to DP steels containing Si. Low frequency measurements of mechanical loss by a torsion 

pendulum were first carried out on a series of dilute Fe-Si-C alloys to establish the relation 

between the magnitude of the Snoek relaxation and carbon concentration with various Si 

contents, and then the amount of C dissolved in ferrite in the ternary DP microstructure 

was determined using the relation, accounting for the effect of Si. Similarly to the case of 

the binary model alloys, it is possible to estimate the concentration of C in solution by 

correcting the relaxation magnitude for the volume fraction. The mechanical loss 

spectrum of DP steels consists of the Snoek relaxation peak and another component at the 

high temperature side, both in Fe-C and in Fe-Si-C alloys. The second component is 

certainly due to martensite, as its magnitude increases with increasing the volume fraction 

of martensite. We have also studied its nature using Fe-C samples with fully martensitic 

microstructure using the forced vibration technique. The characteristic loss peak is 

identified as a thermally activated relaxation with an activation energy of about 1 eV, but 

is much broader than the ideal Debye relaxation. Its possible origins will be discussed. 
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Internal Friction and Interface State of Ag Thin Film Sputter-Deposited on Si 

Tanimoto, H.(1); Inoda, K.(2);  

(1) HT; (2) KI; 

Presenter: Hisanori Tanimoto (HT) 

Keyword: interface, metallic thin film, silicon substrate, chemical etching 

Abstract: 

A rapid increase in the internal friction with temperature was observed above 200 K for 

nanocrystalline FCC metals and thin FCC metal films deposited on a substrate. Since the 

rapid increase in the internal friction above 200 K (IF>200K) showed decreases by grain 

growth after annealing, it was attributed to some anelastic process at grain boundaries. 

For thin Ag films deposited on a Si reed substrate, characteristic internal friction was 

often observed at around 210 K (IF210K) in addition to IF>200 K during the first warm-

up run after air exposure but it diminished by repetition of the warm-up runs in vacuum. 

The amount of IF210K normalized by the Ag film thickness seemed decreased inversely 

with the Ag film thickness. These observations indicate that the interface between the Ag 

film and Si substrate plays an important role on IF210K. In order to elucidate the 

mechanism of IF210K, we prepared Ag films on Si substrates with different surface states 

and the behavior of IF210K was compared between them. Reed-shaped Si substrates were 

shaped out from two types of CZ (2.26E14 1/cm3 boron doped (resistivity = 59.2 ohm 

cm), 1.3E14 1/cm3 boron doped (100 ohm cm)) and one FZ (4.2E12 1/cm3 phosphine 

doped (>1100 ohm cm)) single crystals. The dimensions of reed was 15 mm long, 3 mm 

wide and ~0.2 mm thick with a thick end for clamping. The Si reed was chemically etched 

by HF+HNO3 or KOH solutions to remove the surface damaged layer about 0.05 mm. It 

is noted that the surface of CZ Si substrates became dark black after etching by 

HF+HNO3. This dark black surface turned to metallic by additional etching with KOH. 

The surface of FZ Si substrates was always metallic silver by etching with HF+HNO3 or 

KOH. Then the Ag film was sputter-deposited on the etched reed substrate at room 

temperature. The internal friction of Ag/Si reed composite was measured by using the 

flextural resonant vibration electrostatically excited. IF210K was only observed for the 

Ag films deposited on the CZ Si substrate etched by HF+HNO3 and KOH, but not for 

others on the CZ Si substrate etched by KOH and the FZ Si substrate. The scanning 

electron microscope observation indicated that a nanoporous like surface state was 

formed for CZ Si just after etching by HF+HNO3 and the nanoporous state changed rather 

smooth by the additional etching with KOH. The surface state of Si and the relationship 

with IF210K will be discussed. 
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Overview of the atomic relaxation processes in ?-TiAl intermetallics for aeronautic 

applications 

San Juan, J.(1); Usategui, L.(1); Klein, T.(2); Mayer, S.(2); Clemens, H.(2); Ruano, O.(3); 

Nó, M.(1);  

(1) UPV/EHU; (2) MU; (3) CENIM; 

Presenter: Jose San Juan (UPV/EHU) 

Keyword: Internal friction, Intermetallic, TiAl, Diffusion 

Abstract: 

In the last decades there has been a growing interest in developing new intermetallic 

families, which would we able to improve the performances of superalloys at high 

temperature. In particular a new Ti-Al-Nb-Mo family called TNM is being optimized to 

fulfil the required performances. In the present work we will present an overview of the 

studies performed in the last decade on several ?-TiAl intermetallics, with special 

emphasis on the last generations of Ti-Al-Nb-Mo alloys. As a deep understanding of the 

atomic mechanisms controlling plastic deformation at high temperature is a key point for 

a final optimization of these alloys, a new approach by mechanical spectroscopy has been 

considered. Indeed, mechanical spectroscopy has been used to measure the internal 

friction and the dynamic modulus evolution from 300ºC up to 1350ºC in the above alloys. 

Several relaxation processes have been observed in different intermetallic alloys and a 

complete study has allowed to identify the responsible atomic diffusion mechanisms 

having place in different phases, ?, ? and ?, constituents of these alloys [1, 2]. In addition, 

the relaxation processes associated to the high-temperature internal friction background 

have been directly related to the creep behaviour of these materials and its analysis is 

allowing design more creep-resistant alloys [2, 3]. The measurement of the activation 

parameters of these relaxations will be presented along the talk, and the corresponding 

atomic mechanisms will be also overviewed and discussed. It will be emphasized, along 

the presentation, the potentiality and the interest of the mechanical spectroscopy as an 

alternative approach to be used not only for basic research but also to solve technological 

problems in materials for high temperature applications, as in the present case of ?-TiAl 

alloys, which are at present flying in the new generation of engines used in the aircrafts 

of the main aeronautic companies. [1] J. San Juan, P. Simas, T. Schmoelzer, H. Clemens, 

S. Mayer and M.L. Nó. Acta Materialia 65, 338-350 (2014). [2] T. Klein, L. Usategui, B. 

Rashkova, M.L. Nó, J. San Juan, H. Clemens, S. Mayer. Acta Materialia 128, 440-450 

(2017). [3] M. Castillo-Rodriguez, M.L. Nó, J.A. Jiménez, O.A. Ruano, J. San Juan. Acta 

Materialia 103, 46-56 (2016). 

  



 
 
 
 
 
 
 
 
 
 

 
48 

 

 

404-017 

Mechanical spectroscopy in Nickel-based 718 superalloy family 

Nó, M.(1); Max, B.(2); Andrieu, E.(2); Viguier, B.(2); San Juan, J.(1);  
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Abstract: 

Mechanical spectroscopy in Nickel-based 718 superalloy family Maria L. Nó1, Bertrand 

Max1,2, Eric Andrieu2, Bernard Viguier2, and Jose San Juan3 1 Dpt. Fisica Aplicada II, 

Facultad de Ciencia y Tecnología, Universidad del País Vasco UPV/EHU, Apdo 644, 

48080 Bilbao, Spain. 2 CIRIMAT, INP, Université de Toulouse, 4 Allée Emile Monso, 

31030 Toulouse, France. 3 Dpt. Fisica Materia Condensada, Facultad de Ciencia y 

Tecnología, Universidad del País Vasco UPV/EHU, Apdo 644, 48080 Bilbao, Spain. e-

mail: jose.sanjuan@ehu.es , maria.no@ehu.es Nickel-based superalloys are widely used 

for high-temperature applications as blades in aeronautic engines and components in hot 

environments. In particular, the family of 718 alloys is suitable for many applications 

because of its excellent mechanical properties in a wide range of temperature. However, 

it has been shown that this alloy exhibits some high-temperature dynamic strain aging 

(DSA) problems related to the apparition of the Portevin-Le-Chatelier effect (PLC) 

during plastic deformation [1]. This phenomenon seems to be linked to the diffusion of 

substitutional alloying elements, which are added for hardening purposes in order to 

improve the mechanical properties, but the nature of such diffusing element is still 

unknown. The goal of this work is to identify the element responsible for the DSA in 

order to improve the stability of the microstructure and the high-temperature mechanical 

properties and, to reach this objective, the subject has been approached by mechanical 

spectroscopy. Several alloys from the 718 superalloy family with modified compositions 

have been studied measuring the internal friction and the dynamic modulus from 300ºC 

up to 900ºC at different frequencies between 1 Hz and 0.01 Hz. A relaxation peak at about 

650ºC has been detected in the different alloy and their activation energies have been 

measured in each case. A systematic study on the influence of each substitutional element 

has been carried out to discriminate what is the one responsible for the observed 

relaxation peak. A dependence of the relaxation strength on the amount of Mo has been 

found allowing attribute this peak to a Zener relaxation of Mo-pair atoms in the Ni-base 

FCC matrix. The present study represents an step forward on the potential design of a 

more stable 718 superalloys with view to improve the mechanical properties at high 

temperature. [1] B. Max, B. Viguier, E. Andrieu, J.M. Cloue. Metallurgical & Materials 

Trans. A 45, 5431-5441 (2014) 
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Internal friction spectra of iron-chromium-carbon alloys with different 

microstructures. Determination of carbon distribution. 

Konstantinovic, M.(1);  

(1) SCK.CEN; 

Presenter: Milan J Konstantinovic (SCK.CEN) 

Keyword: FeCrC alloys, internal friction, carbon distribution 

Abstract: 

High Cr alloys and steels are candidate structural materials for the construction of several 

components of both fusion and fission reactors of next generation, because they are 

expected to be more resistant to irradiation than austenitic steels, while offering better 

thermal and thermo-mechanical properties. While it is long-known that carbon atoms 

dispersed in the matrix of iron and steels have an influence on the type of defects produced 

[1], it is only recently revealed that void formation and dislocation loop distribution in 

neutron irradiated FeCrC alloys are correlated to the distribution of C atoms, having 

consequently an impact on radiation hardening and embrittlement [2]. In this study, the 

focus is given on the examination of relaxation processes that occur in the internal friction 

spectra of FeCrC alloys with variety of Cr concentration and carbon content. Fe-Cr-C 

alloys with different Cr content (2.5, 5, 9 and 12 %Cr), but also different initial 

microstructure (ferritic and ferritic/martensitic) are characterized by a different 

distribution of C atoms in the matrix. By performing the systematic study of the relaxation 

spectra in tempered, quenched and cold-worked FeCrC alloys allows, precise 

determination of carbon distribution in these materials is obtained. [1] P. Hautojärvi, et 

al., Phys. Rev. Lett. 44 (1980) 1326. [2] M. J. Konstantinovi? et al., Phys. Status Solidi 

A, 213 (2016) 2988. 
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BMG Cu36Zr59Al5 and Cu47.5Zr45.5Al5Er2 

Marques, P.W.B.(1); Florencio, O.(2); Moreno-Gobbi, A.O.(3); Silva Junior, P.S.(1); 
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Presenter: Paulo Wilmar Barbosa Marques (UFSCar) 

Keyword: Amorphous Metals, Bulk Metallic Glass, Mechanical Spectroscopy, Internal 

Friction, Anelastic Relaxation 

Abstract: 

As is well known Bulk Metallic Glasses (BMG) exhibit different properties such as high 

strength and hardness that can be associated with the cohesive strength between atoms 

and/or atomic clusters[1]. Despite advances in research, mainly in numerical simulation 

of BMG in recent years, the structural evolution of atomic clusters and their interactions 

mechanisms is still unclear[2]. The Mechanical Spectroscopy (MS) technique appears as 

an important tool to observe the consequences of the different processes that are 

developed within the BMG[3]. The MS can be defined as an energy absorption technique, 

where the anelastic spectrum generated is commonly used to study phase transformations 

and structural rearrangement in crystalline materials[4]. This technique has been used to 

investigate dynamical processes related to the elastic and electronic contributions of 

atomic motions and clusters, as well as other changes in the atomic bonds of BMG3. In 

this study, the anelastic spectra of crystalline Cu36Zr59Al5 and of amorphous 

Cu47.5Zr45.5Al5Er2 were obtained using kHz to MHz frequencies, by flexural 

measurements and ultrasonic pulse-echo respectively. Analysis of comparative spectra 

shows the interaction between amorphous structure and mechanical oscillations, realized 

in the temperature interval 120K to 300K at different cycles of cooling-heating of the 

sample, provide information concerning the movement of flow units and to the growth of 

nanostructures, as superclusters and nanocrystalls. The MS spectra suggest that the 

mechanical vibrations interact with nanostructures such as cluster type, supercluster and 

chain-like structure. This interaction, added to the cryogenic stresses in the BMG, lead to 

the growth of microalloy, which may give rise to the medium-range order structure as 

well as increase the small nanocrystalline region scattered into the glassy structure. The 

observation on amorphous sample spectra show behaviour similar to the martensitic 

transformations that occur in the crystalline sample, increasing with measurement cycles, 

confirm the existence of a nanostructure of clusters growing with the measurement 

process that can be in concordance with computational simulation proposals[2].~\\ 

Acknowledgements: The present work is supported by grant #2013/13378-1, São Paulo 

Research Foundations (FAPESP). \\ 1. Wei Hua Wang, Progress in Materials Science 57 

(3), 487 (2012). 2. Ronggen Cao, Yun Deng, and Chuang Deng, Journal of Materials 

Research 30 (11), 1820 (2015). 3. J. C. Qiao and J. M. Pelletier, Journal of Materials 

Science & Technology 30 (6), 523 (2014). 4. A. S. Nowick and B. S. Berry, Anelastic 

relaxation in crystalline solids. Academic Press, New York, 1972, pp.xv. 
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Detecting Beta relaxation behavior in Zr-based bulk metallic glasses via internal 

friction and resistivity 

Zu, F.(1);  

(1) Prof; 

Presenter: Fang-Qiu Zu (Prof) 

Keyword: Beta relaxation, metallic Glasses, internal friction, resistivity 

Abstract: 

Relaxation is one of important routes for understanding the nature of glasses and 

supercooled liquids, which are derived from two kinetic processes: the ?-relaxation is a 

large scale irreversible structural rearrangement, and the ?-relaxation, is a locally initiated 

and reversible process. In metallic glasses (MGs), the ?-relaxation has great significance 

to many features of glassy solids [1], such as structural heterogeneity, glass transition, the 

stability and the crystallization, mechanical properties and deformation mechanism. 

Nevertheless, most MGs exhibit inconspicuous ?-relaxation behavior such as excess 

wings that almost merge with the a-relaxations or broad humps which are not prominent 

enough to be identified. So far, only few MGs such as La-based [2] and Y-based [3] MGs 

show distinct loss modulus E'' peak responsible for ?-relaxation detected by dynamic 

mechanical analyzer (DMA). Therefore, it is hard to detect if, when and how the ?-

relaxation happens in most other MGs. Recently, via internal friction and resistivity 

methods, we have attempted to detect behaviors of the ?-relaxation in some MGs, and 

found that both of them are valid to some extent. Here some results are illustrated for Zr-

based MGs. Normally, there is a linear behavior with temperature (T) for internal friction 

(IF-T) and resistivity (?-T) of MGs at the initial heating process from the room 

temperature, see Fig.1. And around a critical point on IF-T and ?-T curves, the linear 

behavior will vanish (i.e., deviation). Intriguingly, with a synchronous heating experiment 

for internal friction and resistivity of Zr48Cu36Al8Ag8 MG, it is found that the critical 

deviation points are in good agreement on IF-T and ?-T curves, see Fig. 2. As well known, 

the ?-relaxation dominates the excess enthalpy release and the structural changes during 

the sub-Tg relaxation of the metallic glasses [1]. And on the differential scanning 

calorimeter (DSC) profile, a broad hump of released enthalpy (?H) will occur before Tg 

of MGs. And it is confirmed that the deviating temperature from the linear behavior for 

both IF-T and ?-T agrees well with the starting point of the released enthalpy hump on 

DSC, see Fig. 3. Therefore, the deviating point of IF-T and ?-T can be regarded as the 

apparent onset of sub-Tg ?-relaxation of MGs, which is denoted as T? here. From the 

results of internal friction and resistivity for MGs, it is found that the obtained T? is 

associated with GFA (Dmax) of the Zr-based Zr84?xCuxAl8Ag8 MGs, namely, the lower 

T? is, and the Dmax is larger. In addition, via resistivity method, the height of raised ?? 

after the deviating point is in direct proportion to the released enthalpy (?H) of MGs 

before Tg, denoting the intensity of the ?-relaxation in the MGs. Furthermore, for a given 

MG (the same composition), both T? and ?? are associated with its compressive plasticity 

altered by different preparation methods, i.e., the lower T? is and the larger ?? is, the 

better is the compressive plasticity of the MG. 
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Abstract: 

Bulk Metallic Glasses (BMG) exhibit different properties such as high strength and 

hardness that can be associated with the cohesive strength between atoms and/or atomic 

clusters. Despite advances in research, the structural evolution of atomic clusters and their 

interactions mechanisms is still unclear. The Mechanical Spectroscopy technique appears 

as an important tool to observe the consequences of the different processes that occur in 

BMG, which can be defined as an energy absorption technique, commonly used to study 

phase transformations and structural rearrangement in materials. It has been used to 

investigate dynamical processes related to the elastic and electronic contributions of 

atomic motions and clusters, as well as other changes in the atomic bonds of BMG. In 

this study, the anelastic spectra of amorphous Cu47.5Zr45.5Al5Er2 and Pd-based 

samples were obtained using MHz frequencies, by flexural measurements and ultrasonic 

pulse-echo. Analysis of the interaction between amorphous structure and mechanical 

oscillations, realized in the temperature interval 100K to 300K in different cycles of 

cooling-heating of the sample, give us information concerning the movement of flow 

units and to the growth of nanostructures, as superclusters and nanocrystals. The present 

work is supported by grant #2013/13378-1, São Paulo Research Foundations (FAPESP) 

and Uruguay funding agency PEDECIBA (Program for the Development of Basic 

Science). 
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Abstract: 

Polymer nanocomposites (PNC) play important role in many current technologies due to 

their light weight, high tunability of properties, and relatively low costs. It is now well 

recognized that interfacial layer controls macroscopic properties in PNCs. Polymer 

structure and dynamics in the interfacial layer are strongly affected by nanoparticles 

surface and polymer-nanoparticle interactions. In this plenary talk we overview recent 

studies on structure and dynamics of the interfacial layer in various polymeric 

nanocomposite materials. We overview broad array of experimental techniques and MD-

simulations that provide detailed characterization of the interfacial layer at the nanometer 

scale. Dielectric relaxation studies and MD-simulations reveal a gradient in the interfacial 

layer dynamics, but no “glassy” or “dead“ layer [1-3]. Small angle X-ray scattering, 

dielectric spectroscopy and differential scanning calorimetry provide consistent estimates 

of the interfacial layer thickness in various PNCs [1,3-5]. The thickness of the layer 

increases upon cooling to Tg [3], and depends strongly on polymer rigidity [2,6], 

increasing from ~2nm in flexible polymers to ~5 nm in more rigid ones. At the same time, 

the increase in stregth of the polymer-nanoparticle interactions does not affect the 

thickness of the interfacial layer, but increases the slowing down of its dynamics [2]. 

Detailed studies revealed unexpected molecular weight dependence of PNCs properties 

ascribed to frustration in packing of long polymer chains in the interfacial region [4]. 

Analysis of mechanical properties using Brilloin light scattering and advanced scanning 

probe microscopy [5] revealed more than 2 times increase in polymer mechanical 

modulus in the interfacial layer. This huge increase was ascribed to stretching of the chain 

in the interfacial region. All these results clearly demonstrate the existence of the 

interfacial layer with much slower dynamics that propagates a few nm (~2-5 nm) into the 

polymer matrix, but no signs of any long range (larger than ~10nm) effects. Recent 

studies [7] also revealed unexpectedly large effects in nanocomposite properties caused 

by very small (~2nm) nanoparticles. In particular, these small nanoparticles lead to a very 

sharp temperature variations of viscosity. This effect has been ascribed to mobility of 

nanoparticles and relatively short chain-nanoparticle association time [7]. At the end, we 

present a general picture how microscopic parameters control the interfacial layer, and 

how by tuning the interfacial layer we can tune macroscopic properties of polymer 

nanocomposites. 1. A. Holt, et al., Macromolecules 47, 1837 (2014) 2. J.M.Y. Carrillo, 

et al., Macromolecules 48, 4207 (2015) 3. S. Cheng, et al., J. Chem. Phys. 143, 194704 

(2015) 4. S. Cheng, et al., Phys. Rev. Lett 116, 038302 (2016) 5. S. Cheng, et al., Nano 

Letters 16, 3630 (2016) 6. S. Cheng, et al., Macromolecules (2017, in print). 7. S. Cheng, 

et al., ACS Nano 11, 752 (2017). 
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Abstract: 

Colloids are suspensions of small (10 nanometer to 10 micrometer radius) solid particles 

in a liquid. Colloidal suspensions have served as model systems for understanding the 

glass transition in molecular systems. In this paper, the liquid to glass transition of two 

typical colloidal suspensions, poly(N-isopropylacrylamide) (PNIPAM) and methyl 

methacrylate-co-acrylic acid (MA) colloids, in aqueous solution have been investigated 

by using a combination of mechanical spectroscopy and light scattering. The mechanical 

loss shows a strong increase at a certain concentration range. And at the same time the 

maximum scattering intensity exhibits a sharp drop. This is a manifestation of glass 

transition of the colloidal system. Furthermore, it is found that the concentration 

dependence of mechanical loss shows a strong dependence on the colloidal radius. A 

larger radius of the colloid leads to a higher concentration where the glass transition 

occurs, and a stronger deviation from Arrhenius behavior. The present work sheds new 

light on the glass transition of polymeric colloidal systems and demonstrates that the 

mechanical spectroscopy has become an important technique to study the dynamics of 

soft matter systems. References 1. H.G. Wang, X.B. Wu*, Z.G. Zhu, C.S. Liu* and Z. X. 

Zhang, Revisit to phase diagram of poly(N-isopropylacrylamide) microgel suspensions 

by mechanical spectroscopy, Journal of Chemical Physics 140, 024908 (2014). 2. H.G. 

Wang, X.B. Wu*, C.S. Liu*, Z.G. Zhu, Z. Ao and G.Z. Zhang, Dynamics in N-

Isopropylacrylamide-acrylic acid copolymer aqueous solution from mechanical 

spectroscopy, Journal of Physical Chemistry B 116, 13411 (2012). 3. Y.M. Weng, Studies 

on the phase transitions of polymer solutions and colloids, Master's thesis, University of 

Science and Technology of China, 2006. 
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Keyword: active nematic liquid crystals, gauge theory, topological defects 

Abstract: 

Active nematics are classified as multicomponent (lyotropic) nematic liquid crystalline 

(NLC) systems, exhibiting spontaneous flow [1-3]. These are novel metamaterials, Janus 

and self-propelled particles, active colloids, Quincke rotators in isotropic, nematic or 

smectic-A hosts, granular biological particles etc. [3-5]. Because of distortion or 

reorientation of the order parameter under external factors (electic or magnetic fields etc.), 

active nematics may serve as perspective materials in modern optical devices, sensors, 

etc. In the theory of dielectric relaxation for NLC, there is a representation of director 

dynamics controlled by the balance of dielectric, viscous, and elastic torques through the 

Ericksen-Leslie equation, going back to the pioneering Saupe’s works. For the active soft 

matter, Green, Toner and Vitelli (GTV) [2] considered nematic flows as a result of mixed 

splay-bend director deformations. On the other hand, in LCs, any mesomorphism is 

associated with evolution of topological defects. First, the dynamical gauge theory of 

linear defects has been proposed by Kadic and Edelen [6], and developed further for 

metals, semiconductors (graphenes, carbon nanotubes etc.), and other solids ([7-8] and 

references therein). But heretofore de facto it is not widely applied for liquid crystals, 

where the defect structure as a gauge field everywhere evolves via Lagragians of the non-

abelian group SO(3) with semidirect product with the translation group. To spread out 

these concepts onto the Frank energy with the active force in hydrodynamics in the sense 

GTV [2], we provide the analytical formalism and numerical modeling for the measured 

correlation functions and estimate relaxation times for the model active colloid system, 

where hyperbolic hedgehocks become ring disclinations and the nematic-isotropic 

transition occurs [4], equivalently to monopoles and strings of the gauge Yang-Mills 

approach. Similar defect configurations may be observed experimentally [9], and a gauge 

representation itself is sine qua non for further predictions. [1] T. Vicsek, A. Czirok, E. 

Ben-Jacob, I. Cohen, and O. Shochet, Phys. Rev. Lett. 75, (1995) 1226. [2] R. Green, J. 

Toner, and V. Vitelli, arXiv:1602.00561v3. [3] M. C. Marchetti, J. F. Joanny, S. 

Ramaswamy, et al., Rev. Mod. Phys. 85, (2013) 1143. [4] O. D. Lavrentovich, Curr. Opin. 

Colloid Interface Sci. 21, (2016) 97 [5] S. Zhou, A. Sokolov, O. D. Lavrentovich, et al., 

Proceedings of the National Academy of Sciences 111, (2014) 1265. [6] A. Kadic, D. G. 

B. Edelen. A Gauge Theory of Dislocations and Disclinations. Springer Berlin 

Heidelberg, 1983 - 293 p. [7] E. A. Kochetov and V. A. Osipov, J. Phys. A: Math. Gen. 

32, (1999) 1961. [8] Topology in Condensed Matter. Eds. M.I. Monastyrsky. Springer. 

2006. 254 p. [9] O. P. Pishnyak, S. Tang, J. R. Kelly et al., Phys. Rev. Lett. 99, (2007) 

127802. 
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Presenter: Francesco Trequattrini (S) 

Keyword: Dynamic Mechanical Analysis, Time-Temperature Superposition, Solid 

Rocket Motor 

Abstract: 

Vega (Advanced Generation European Carrier Rocket) is a launch system jointly 

developed by the Italian Space Agency and the European Space Agency. Computational 

modeling of the rocket would allow a better comprehension of its experimental behavior 

during the launch and could lead to a better use of materials. At present, the best modeling 

of VEGA launch vehicle is performed by means of a finite element model (FEM), in 

which the rocket is considered to be composed of three stacked solid rocket motors (SRM) 

with a liquid propulsion upper composite stage on top. Each of the SRM substructures 

consists of a stiff composite casing filled with a soft solid propellant core. The latter 

material exhibits a visco-elastic behavior described in finite element models by a low 

Young’s modulus, a high structural damping ratio, and a Poisson’s ratio close to 0.5. 

Damping due to propellant grain and casing is modeled in the Vega FEM in terms of a 

complex stiffness matrix. This must be conveniently converted into an Equivalent 

Viscous Damping (EVD) matrix in order to perform transient payload/launcher coupled 

dynamic analyses, which are used to derive the payload mechanical environment. 

Recently, a representative test article has been experimentally tested to validate the 

methods developed in the European Space Agency to evaluate EVD matrices of FEMs 

condensed and to assess how to best choose a single combination of Young’s Modulus 

and structural damping coefficient to represent the grain viscoelastic behavior over a 

specific frequency band [1]. In this context, a viscoelastic material representative of the 

Vega SRM propellant grain has been experimentally tested in our laboratory via Dynamic 

Mechanical Analysis to point out the dependence of the complex Young’s Modulus from 

the excitation frequency and to provide data for the modeling by means of the finite 

elements technique. The real and imaginary part of the complex Young’s Modulus have 

been measured at different frequencies from 1 to 80 Hz and at different temperatures from 

-10.3 °C to 45 °C. The so-called master curves have been obtained by applying Time-

Temperature Superposition (TTS) analysis, in order to model the material behavior in all 

the interesting range of frequencies. Concomitant differential thermal analysis (DTA) and 

thermogravimetric analyses (TG) were carried out heating the sample from room 

temperature up to 400 °C. A phase transition around 180°C is revealed by an intense 

endothermic peak, which is accompanied by a decrease of the Young’s Modulus of one 

order of magnitude. [1] “Experimental Validation of SRM Damping Models” ESA 

Contract No. 4000115499 
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Abstract: 

A systematic investigation of the effect of hot-pressing on polyvinylidene fluoride 

(PVdF)- chlorotrifluoroethylene (CTFE) electrospun membranes, intended as separators 

and substrate for the electrolyte of lithium batteries, has been carried out by means of 

dynamic mechanical analysis. Absorption and desorption gravimetric measurements and 

infrared spectroscopy have been also performed. In particular, the mechanical properties 

of the membranes has been measured as a function of hot pressing temperature and 

pressure in the range 20 – 120 °C and 0 – 4 kbar, finding an increase of about 30 times of 

the tensile modulus after pressing at the highest temperature and pressure. 
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Keyword: biomaterials, HaAlg5% microspheres, vibratory waves, critical defect repair, 

musculoskeletal 

Abstract: 

INTRODUCTION: Biomaterials, a substance, natural or synthetic, which acts in 

inorganic systems, integrated-probably-partially or wholly to the organic 

microenvironment. Can mimic, restore or increase the response to tissue repair or more 

tissues, either temporarily or definitively. Standardized, synthesized and characterized 

from metals or metallic alloys, polymers of diverse nature, ceramics, or combinations of 

these materials-composites. Hydroxyapatite (HA) is a hexagonal arrangement, major 

constituent of inorganic bone phase. Due to your high biocompatibility and 

osseointegration, is profitable for your use in BioScience, in the production of prostheses 

and implants. The alginic acid, polysaccharide obtained from the cell walls of some 

species of seaweed. Its good biointeração in the body and your ability to shape up favors 

your use in Bioengineering and tissue healing. Its beneficial action enables in association 

with biomaterial-composite to neovascularization, reepithelization and bone 

regeneration, on the site of the lesion. The vibrating platform is an electronic device that 

emits vibratory waves, generating mechanical stimuli in the entire body surface, acting 

systemically. The use is effective for the isometric strength gain, increased bone density 

and of the peripheral vasculature. OBJECTIVE: to evaluate the tissue response after 

implantation of Hydroxyapatite (calcium and biomaterials 5% HAAlg 5%)-alginate in the 

critical defect produced in limestone. METHODS: Samples of biocerâmicas of 

stoichiometric hydroxyapatite were standardized, synthesized, characterized (according 

to functional aspects-structural) and produced by the method of precipitation, wet with 

molar ration of the Ca10 (PO4) 6 ions (OH) 2, in which the Ca/P ratio was equal to 1.67. 

Reactional conditions were favourable to the composition of a biomaterials with 

crystalline phase. The synthesis of biomaterials composed of hydroxyapatite 

microspheres and alginate (% HAAlg5; 200 1st 425mm) was obtained from two primary 

solutions with the purpose of reactive conditions ideal, form the precipitate. After the 

synthesis the microspheres were implanted in the defect site with and without 

associations. 20 were used in rats (Rattus norvegicus), males, albinos, with body mass 

between 350 and 450 grams. After completion of critical defect of equal diameter (8 mm) 

in its bone calvarium , were distributed in four experimental groups: empty (DV) defect, 

malfunction and vibratory waves (DOV), defect and biomaterials HAAlg 5% (DB) and 

defect and combined therapy (DTC). After 24 hours the day of surgery, was established 

with vibratory waves therapy in groups DOV and DTC, in accordance with the 

experimental protocol (60 Hz, 3 times a week for 20 minutes, for 15 days). On the 16th 

day after surgery, all the animals were sacrificed and his specimens processed for 

analysis. RESULTS: new bone formation was observed, with recruitment of osteoblasts, 
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neovascularization, inflammatory infiltrate and diffuse distribution and fibroblasts; 

presence of osteocytes in bone remaining. In the skeletal muscle tissue, preserving and 

distribution regularity of its fibers. CONCLUSION: the use of combination therapy in 

bone defect repair favored critical provoked. The use of the vibrating platform preserved 

the distribution pattern of muscle fibers. On the current scenario advances on 

biomaterials, vibratory waves and their applications, new studies are needed, despite these 

promising results. 

  



 
 
 
 
 
 
 
 
 
 

 
60 

 

 

407-002 

Damping of the woodwind instrument reed material Arundo donax 

Weidenfeller, B.(1); Lambri, O.A.(2); Bonifacich, F.G.(3); Arlic, U.(4); Gargicevich, 

D.(5);  

(1) BW; (2) OAL; (3) FGB; (4) UA; (5) DG; 

Presenter: Osvaldo Agustin Lambri (OAL) 

Keyword: Arundo donax, woodwind instruments, relaxation process, dynamic shear 

modulus, dynamic elastic modulus, damping 

Abstract: 

The giant grass Arundo donax (AD) is the most widely used material for the fabrication 

of the vibrating reed of woodwind instruments. Due to health incompatibility of some 

players with AD, due to variations in the quality of the reeds with playing time, with the 

growing area, and within AD cane itself, efforts are made to replace the natural grown 

cane by reeds made of polymers or polymer composites to ensure constant quality of the 

reeds. The focus is lying on the simulation of the wooden structure of the AD by polymers 

filled with parallel glass or carbon fibers or by orienting the polymer backbones by 

stretching the polymer. Neither the viscoelastic properties of natural AD reeds nor of 

artificial reeds are known. The behavior of the damping and the dynamic shear and elastic 

moduli, G’ and E’, has been studied in AD and a commercial polypropylene beech fibres 

composite as a function of the temperature from RT to 440K (some samples up to 575K). 

The strain was up to 2.5?10-3 and the vibration frequency was from 20-200Hz 

corresponding to the tones E0 to G3. The elastic Young’s modulus can vary by more than 

1000MPa between different AD samples. An aging at room temperature leads to a change 

in the modulus. The modulus is decreased with increasing temperature. In a first heating 

cycle the AD samples show a steeper decline from RT to 330K than from 330K to 410K, 

and then it becomes steeper again up to around 480 K. Subsequently, the modulus shows 

a plateaus like behavior up to 540K and then it becomes steeper once more up to 570K. 

Corresponding to the slope of the modulus for temperatures above 430K a first peak and 

at 560K a second peak in the damping spectra appear. The relaxation processes at high 

temperatures could be attributed to the molecular motion of lignin. Below 330K no peak 

can be observed due to the limited investigated temperature range. If the temperature of 

the first cycle is limited to 420K the modulus at RT is increased while exceeding this 

temperature the modulus is decreased. A peak at 360K related to micro-Brownian 

motions of wood cell-wall polymers in the non-crystalline region and the decrease of 

cellulose crystallinity can be observed. The polypropylene beech fibres composites show 

with 2000MPa a significant lower modulus than the AD (5200-6400MPa). The storage 

modulus E decreases in a first step from RT to 325K and in a second step from 370K to 

melting temperature at 420K. In this temperature region the alpha’-peak related to 

relaxations in the crystalline region of the PP and the increase in damping with the 

weakening at melting temperature of the PP appear. Corresponding the lower modulus 

the damping of PP composite is higher than that one of AD. In the measured frequency 

range the modulus and the damping varies only slightly. It increases with the applied 

strain: the logarithmic decrement of AD increases only from 0.6 at epsilon=4x10E-5 up 

to 0.9 at epsilon=1.5x10E-3 while the decrement of the PP composite increases from 0.75 

up to 0.16. 
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Abstract: 

Titanium (Ti) and its alloys are well-known materials because of their favourable 

properties, such as excellent corrosion resistance, high strength to density ratio, relative 

low Young’s modulus, good biocompatibility, and osseointegration. Ti-based alloys have 

found applications in the chemical, automobile, aerospace, and aeronautical industries. Ti 

is an allotropic element with a crystalline structure that changes near 883 ºC from a 

compact hexagonal structure (alfa phase) to body-centred cubic (beta phase). Depending 

on the composition, heat treatment, and mechanical work, it is possible to precipitate 

metastable phases, such as martensitic (alfa’ and alfa”) and w phases. The mechanical 

properties are directly affected by the volumetric fraction of these phases, and thus it is 

possible to manipulate the properties with adequate thermo-mechanical treatment. Ti-xZr 

(x = 5, 10, and 15 wt. %) alloys were produced with commercially pure metals by arc 

melting with a copper crucible and a non-consumable tungsten electrode, which were 

both water-cooled. The ingots were remelted five times to produce good homogeneity. 

Then, the alloys were submitted to hot forging at 1000 ºC with air cooling. Afterwards, 

the alloys underwent a heat treatment in vacuum at 1000 ºC for 24 h followed by slow 

cooling. For microstructural analysis, a selected part of the sample was cut by a precision 

cut-off machine with a diamond cutting wheel. The samples were submitted to 

metallographic preparation by sanding and polishing with sandpapers (150, 180, 360, 

400, 600, 800, 1200, and 1500), colloidal diamond suspension (9 micro m), and alumina 

suspension (0.25 micro m). The microstructures were revealed by an etching process with 

H2O, HNO3, and HF (85:10:5).In this work, a technique is introduced to measure the 

torsion modulus of biomaterials based on mechanical spectroscopy and the strength of 

materials. The torsion modulus, G, was used to examine the effects of the Zr content and 

the thermo-mechanical treatment Ti-xZr alloys compared to commercially pure Ti (CP 

Ti). In the final analysis, it was possible to establish a relationship between the G values, 

the percentage of Zr by weight, and the thermo-mechanical treatment of these alloys with 

micrographs. 
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Abstract: 

Many researches in the field of biomaterials have sought alternatives to Ti-6Al-4V, in an 

attempt to obtain alloys with similar strength (or higher), lower elasticity modulus and 

greater biocompatibility. The most promising alloys are those with niobium, 

molybdenum, tantalum and zirconium as alloying elements added to titanium. Thus alloys 

composed of titanium, molybdenum and niobium integrate a new class of titanium alloys 

without the presence of aluminum and vanadium (which exhibit cytotoxicity) and that 

have low values of elasticity modulus (below 100 GPa). This occurs because these alloys 

possess beta structure, very attractive for use as biomaterials. In this type of alloys, the 

processing variables can be more easily controlled in relation to alloys with alpha or 

alpha-beta structure, aiming to obtain improved properties such as lower elasticity 

modulus, increased corrosion resistance and better bone response. Moreover, Brazil has 

about 90% of world niobium resources, being very important economically and 

strategically, to invest in research for development and processing of alloys containing 

this element. The objective of this paper was to study the oxygen and nitrogen atoms on 

anelastic properties of Ti-15Mo-XNb alloys using mechanical spectroscopy. The used 

samples are titanium containing 15% in weight of molybdenum and several contents of 

niobium. The samples were produced by arc melting in argon atmosphere, using 

commercial titanium and molybdenum, and niobium produced by CBMM. After melting, 

the samples were characterized by chemical analysis, density, microhardness, x-ray 

diffraction, optical and scanning electron microscopy. The internal friction and frequency 

of forced oscillations were measured as a function of temperature in the dynamical 

mechanical analyzer (AREVA, DM-25) in the temperature range from 300 to 700 K. A 

1.0 K/min heating rate and the frequency range from 1 to 10 Hz were used. The x-ray 

patterns showed peaks that characterize the bcc structure, typical of the beta phase of the 

alloy. The microscopy results confirmed the x-ray difractograms, showing structures 

characteristics of the beta phase of the alloy. The value of Vickers microhardness showed 

that with the addition of niobium decreases the hardness of the alloys compared to Ti-

15Mo, reaching a value of up to 20% less depending on the concentration of niobium. 

The internal friction measurements showed complex relaxation spectra. With the 

decomposition of those relaxation spectra, it was possible to identify the interaction of 

substitutional and interstitial elements present in the alloys. The internal friction 

measurements showed complex relaxation spectra. With the decomposition of those 

relaxation spectra, it was possible to identify the interaction of substitutional and 

interstitial elements present in the alloys. (Financial Support: CNPq, FAPESP, 

FUNDUNESP and CBMM). 
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Abstract: 

Titanium and its alloys have been widely used for aircraft applications, chemistry industry 

and on biomedical applications, due their excellent properties, like as low density, high 

mechanical strength, elastic modulus, tenacity, corrosion resistance and very high 

biocompatibility. These properties combined and others properties are related with the 

sort of applications. Mechanical spectroscopy measurements (internal friction) have been 

largely used as an information resource with respect of solute behavior in metals and 

alloys, such as solubility limit, interstitial concentration and diffusion. Internal friction 

can be observed where the introduction of one punctual defect produces some distortions 

that have lower symmetry than the crystalline lattice. Each atom type of the interstitial 

solute gives origin to an anelastic peak on one distinct temperature, depending on 

measurement frequency. Microscopically, the internal friction can be considered as a 

result of the interaction between distortions and applied external vibrations. In this work, 

the oxygen diffusion in Ti-10Mo-Zr alloys was investigated using mechanical 

spectroscopy measurements. Using Arrhenius’ law and a simple mathematical analysis 

of the relaxation peaks, the relaxation parameters were obtained. Relaxation structures 

were observed, which were associated with the interstitial diffusion of oxygen in a solid 

solution in Ti-10Mo-10Zr alloys. The activation energy, (1.55 ± 0.01) eV, and the 

diffusivity of oxygen, (1.6 ± 0.5) x 10-4 cm2/s, in the alloys were obtained using a 

mathematical treatment of the structures derived from the relaxation time and according 

to the Arrhenius Law. (Financial support: CNPq and FAPESP) 
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Abstract: 

STRESS INDUCED ORDERING PROCESSES DUE OXYGEN IN Ti-10Zr-Mo 

ALLOYS Marcos Ribeiro da Silva1,2,3; Raul Oliveira de Araújo2,3; Carlos Roberto 

Grandini2,3 1 Instituto Federal de Educação Ciência e Tecnologia de São Paulo (IFSP), 

Câmpus de Araraquara, Araraquara, SP, Brazil 2 Universidade Estadual Paulista 

(UNESP), Laboratório de Anelasticidade e Biomateriais, Bauru, SP, Brazil 3 Institute of 

Biomaterials, Tribocorrosion and Nanomedicine – Brazilian Branch (IBTN/Br), Bauru, 

SP, Brazil Ti-6Al-4V is the most widely titanium alloy used as biomaterials, but 

vanadium and aluminum cause cytotoxic effects on human body. To circumvent this 

situation, these elements have been replaced by others beta stabilizers elements such as 

zirconium, niobium, molybdenum and tantalum, that decrease beta-transus temperature 

and improve elastic modulus of the alloy, being promising materials for biomaterials use. 

Ti-10Zr-xMo alloys system are promising alloys for biomedical applications, because 

they have no cytotoxic elements and have predominance of beta phase, with bcc 

crystalline structure. The samples were melted using an arc-melting furnace and 

characterized by XRD and SEM. The Young’s modulus measurements were performed 

in a Sonelastic® equipment. The doping of the samples was performed using a vacuum 

furnace with controlled atmosphere. The dynamical mechanical analysis (DMA) were 

performed in a Metravib DMA-25, using the configuration tension jaw for bars. Several 

frequencies were used. The temperature range were of 498 to 723 K. The Young’s 

Modulus of the alloys decreases in the presence of Zr. However, when taking successive 

measurements in the samples it was observed that the Young's modulus was increased, 

since there is an increase of the beta phase after the heating imposed in the DMA 

measurements. The DMA measurements show that the non-doped samples do not show 

relaxation peaks, however the oxygen doped samples have a thermally activated peak. 

This peak increase according to the increase in oxygen concentration. The 

decompositions of each peak show that the oxygen concentration increases the amplitude 

of the peak, showing that this peak is related to the oxygen doping performed in the 

samples. In addition to the oxygen doping peak, it is important to point out that the heating 

relative to the first DMA measurement increased the alpha phase concentration, this phase 

change can be observed to the peaks of a non-thermally activated nature. (Financial 

support: CNPq and FAPESP) 
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Abstract: 

Given their small size as well as the fact that their internal structures and properties can 

be very different from the surrounding bulk material, domain walls may play an important 

role in future devices. Domain walls are created e.g. when a single crystal splits into a 

number of domains, during a structural phase transition from a high symmetry to a low 

symmetry phase. The number and orientations of various domain states as well as the 

symmetry and structure of domain walls can be calculated by group theoretical methods 

[1,2]. Recently it was shown that the dynamic behaviour of multidomain crystals under 

external forcing depends sensitively on the structure of the domain walls [3,4]. In this talk 

we will present results, demonstrating how the macroscopic (dynamic elastic) response 

of multidomain crystals [6] is influenced by the jerky movement of domain wall 

segments, as detected recently by strain burst measurements [7]. Finally we will discuss 

some open problems. Acknowledgement: The work was supported by the Austrian 

Science Fund (FWF) P28672-N36. [1] V. Janovec, A symmetry approach to domain 

structures, Ferroelectrics 12, 43 (1976). [2] V. Janovec, W. Schranz, H. Warhanek and Z. 

Zikmund, Symmetry analysis of domain structure in KSCN crystals, Ferroelectrics 

98,171 (1989). [4] P. Gao, et al. Ferroelastic domain switching dynamics under electrical 

and mechanical excitations, Nature Communications 5, 3801 (2014). [5] T. Zykova-

Timan and E.K.H. Salje, Highly mobile vortex structures inside polar twin boundaries in 

SrTiO3, Applied Phys. Lett. 104, 082907 (2014). [6] S. Puchberger, V. Soprunyuk, A. 

Majchrowski, K. Roleder and W. Schranz, Domain wall motion and precursor dynamics 

in PbZrO3, Phys. Rev. B 94, 214101 (2016). [7] S. Puchberger, V. Soprunyuk, W. 

Schranz, A. Tröster, K. Roleder, A. Majchrowski, M.A. Carpenter and E.K.H. Salje, The 

noise of many needles: Jerky domain wall propagation in PbZrO3 and LaAlO3, APL 

Materials, submitted 
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Abstract: 

Abstract: Considering thermoplastic rubbers an important class of flexible materials, 

because they have unique properties, both mechanical and thermal, the characterization 

study by the technique of mechanical spectroscopy becomes an important tool for the 

verification of the glass transitions in these rubbers. The work involved the production of 

thermoplastic rubber blend formed by polypropylene and EPDM rubber, using standard 

formulations with conventional vulcanization by sulfur. The specimens were molded by 

injection molding of the polypropylene, and compression processing of the blends. 

Dynamic-mechanical term tests were carried out to verify the glass transition, 

polypropylene resin, EPDM rubber, and polypropylene-EPDM blends. Keywords: 

Polymer blends, polypropylene, EPDM 
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Abstract: 

Electricity consumption in Brazil is increasing since the last decade. The increase in 

demand for electrical energy and the difficulty in building new transmission lines have 

brought a great challenge in providing electricity in many cities globe wide. Energy 

companies are working in new transmission cables in order to decrease the sag and the 

creep due mainly to high current. The use of fiber reinforced polymer as core transmission 

cable can replace other types of raw materials and improving performance in their 

application, such as high tensile strength, low coefficient of thermal expansion and low 

arrow between the towers. The dynamic mechanical analysis is a very useful tool in the 

evaluation these materials, in particular viscoelastic parameters as a function of time, 

temperature or frequency. This present study aims to study the properties such as storage 

modulus, loss modulus, damping (tan delta), and glass transition temperature (Tg) of 

carbon and glass fibers reinforced polycarbones and compared with non-reinforced 

polycarbone. In addition to the shift in Tg with increasing frequency, the three materials 

was observed and related to the activation energy of the glass transition relaxation. The 

activation energy can be used for the long-term performance prediction. The analysis of 

the Tg data of the three materials was used to determine the temperature limits for core 

transmission cable application. 
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Presenter: David Antonio Barbosa Quiroga (UFSCar) 

Keyword: Mechanical Spectroscopy, Electrical Spectroscopy, BNBK, Lead-free 

Ceramics, Morphotropic Phase Boundary (MPB) 

Abstract: 

The NBT-KBT- BT or BNBK lead-free piezoelectric ceramic system is constituted by 

three ferroelectric materials that show tetragonal symmetry P4mm (KBT, BT) and 

rhombohedral symmetry R3c (NBT) at room temperature. Furthermore, structural studies 

performed by Raman spectroscopy and X-ray diffraction demonstrate the contribution of 

a weak ferroelectric symmetry (P4bm) into morphotropic phase boundary (MPB) [1], 

which produces a ferrielectric behavior in some materials as NBT-7%BT [2]. In this case, 

Mechanical Spectroscopy technique (MS) is very sensitive technique to observe to 

structural changes caused by phase transitions as well as coexistence of phases in a 

ceramic system. The MS was employed using a dynamical mechanical analyzer (DMA-

8000) in combination with electrical impedance technique to study structural and electric 

behavior as function of temperature of x(Bi0.5Na0.5TiO3)-0.72(1-x)Bi0.5K0.5TiO3-

0.28(1-x)BaTiO3 (BNBK100x, with x = 0.82, 0.86, 0.88, 0.91 and 0.93 mol%) lead-free 

piezoelectric ceramic system, in a temperature range between room temperature up to 600 

oC. The ceramic System were synthesized by solid state reaction method followed by 

conventional sintering. The mechanical and electrical spectroscopy technique allowed 

observe the phase transitions that occur between R3c to P4mm symmetry in the BNBK91 

and BNBK93 samples. For high temperatures, these samples show the phase transitions 

P4mm/P4bm/Pm-3m and the presence of an antiferroelectric relaxor behavior 

(ferrielectric) with a diffuse phase transition around 290 oC. BNBK88 and BNBK86 

samples are localized into MPB region and show the coexistence of P4mm, P4bm and 

R3c phases [1], which rise the dielectric properties (e´>1000) at room temperature, 

indicating possible application as dielectric capacitors of high density of energy [3]. 

Finally, the BNBK82 sample show phase transitions between P4mm/P4bm/Pm-3m 

symmetries, followed of a diffuse phase transition in high temperatures. [1] Quiroga, 

D.A.B. et al., Evolution of crystalline phases and morphotropic phase boundary of the 

(Bi,Na)TiO3-(Bi,K)TiO3- BaTiO3 lead-free ceramic system, J. Alloy. Compd. 

691(2017) 498-503. [2] Kitanaka, Yuuki et al., Polarization twist in perovskite 

ferrielectrics, Sci. Rep. 6 (2016)32216. [3] Haertling, Gene H., Ferroelectric Ceramics: 

History and Technology, J. Am. Ceram. Soc.,82 (1999) 797–818. 
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Polymorphic phase transitions. 

Abstract: 

Polymorphic phase transitions, associated with the presence of morphotropic phase 

boundary, between ferroelectric phases, play an important role to enhancement 

piezoelectric properties of ferroelectric materials, which is highly desirable when new 

piezoceramics are studied as lead-free alternatives to lead zirconate titanate Pb(Zr,Ti)O3 

(PZT) ceramics, mostly used for technology devices. However, the study of polymorphic 

phase transitions requires sensitive characterization techniques for identifying phase 

coexistence and phase transition characteristics, among which dynamical mechanical 

analysis stand out as a powerful technique to complement standard electrical 

characterizations. In this study, temperature dependence of Young’s modulus, mechanical 

losses and complex dielectric permittivity were measured for 

(K0.5Na0.5)0.97Li0.03Nb0.8Ta0.2O3 ceramics. The samples were synthesized by solid 

state reaction method followed conventional sintering. Elastic and dielectric anomalies 

were associated with different phase transitions, but a shift between elastic and dielectric 

anomalies was observed. The origin of this discrepancy was discussed with help of 

temperature dependence of Raman spectroscopy and it was associated to diffuse character 

of phase transitions. 
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Comparison between results of experimental tests with numerical simulation by the 
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Abstract: 

This work presents a comparison of results obtained from experimental tests with finite 

element method applied to the development of products in implantology. The main 

objective of this study is to demonstrate what are the concepts involved in finite element 

analysis applied to implantology and to present a case study. The methodology used in 

this research is exploratory, was developed, based on experimental tests and 

computational simulations. The technique used in this study is the finite element method 

(MEF), which is a generic method for solving mathematical equations that describe 

physical phenomena in Engineering. The MEF analysis uses the 3D drawing software, 

simulating our studies. The results presented will serve as reference for future research 

related to implantology. 
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Abstract: 

Alloys of CuAlMn are known as cheap, high strength shape memory alloys with an 

excellent damping capacity within their austenitic-martensitic phase transformation, 

compared to alloy systems like NiTi, CuZnAl or MnCu. But CuAlMn alloys have 

disadvantage due to generation of voids by a high shrinkage which further increases the 

existing proneness to stress cracks during rapid cooling. Alloying grain refining elements 

improves the stress crack resistance and enables a wide range of rapid quenching 

parameters which are needed to control the temperature of martensitic phase 

transformation. Additionally the elements itself influence the in- or decreasing of the 

phase transformation temperature and the SMA effects. Furthermore, some of these 

elements can reduce the internal friction indirectly by decomposing areas of metastable 

martensite into its stabilized forms, where no transformation occurs. This thermic stability 

can be calculated by the concentration of valence electrons in a unit cell. The proneness 

to aging is controlled by multistep heat treatments. Annealing and rapid quenching into 

the area of martensitic phase transformation maximize the generation of point defects. A 

high amount of point defects contradicts the negative effect of pinning. It also preserves 

the material from extreme brittleness. An additional short heat treatment above phase 

transformation temperature stabilizes the long term ageing behaviour positive. The 

influences of these effects are shown at single cantilever bending beams by elastic 

ampitude (strain: 8x10-4) depending measurements of internal friction at natural 

frequency along the aging at room temperature (293K) up to 2500h. The samples are 

annealed at 1100K for 30min and rapid quenched to 370K with no further thermic 

stabilisation. The base alloy of CuAl9.8Mn7.7 has an internal friction measured as 

logarithmic decrement of 0.08 (quenched) and 0.018 after 2500h. The martensite start 

temperature MS is near 430K, measured by DSC. The optimised alloy 

CuAl11.1Mn5Ni2Zn3 shows an log. decrement of 0.31 (quenched) and falls continuously 

to 0.22 after 2500h. The MS is at 295K. The AS is near 328K. A thermal aging (423K, 

15min) following the above described heat treatment shows a high loss in initial damping 

capacity. Compared to not thermal aged material is the long term decrease of the internal 

friction far better stabilised. 
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Efforts on developing low cost tailor made hidamets 
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Abstract: 

LabMat has a history on developing sintered solutions for different applications, usually 

in cooperation with industries from many segments. Many of the developed materials 

present highly heterogeneous structures, containing solid lubricants and porosity, which 

theoretically improves internal friction. Starting from this background, a new work front 

was initiated aiming to better understand the hidamets universe, associated mechanisms, 

acquire critical knowledge mass and evaluate the possibilities of applying years of 

tradition in powder metallurgy to obtain high damping metals. Once the fundamentals of 

HIDAMETs were covered, simplier versions of self-lubricating steels, with less alloying 

elements were manufactured and characterized by dynamical mechanical analysis and 

metallography. Variations included different types of crimping, solid lubricants, 

percentual of solid lubricants, alloying elements and porosity. This presentation purpose 

is to show an overview of the work done in order to obtain low cost tailor made 

HIDAMETs, results obtained and future prospects. 
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Abstract: 

High damping ceramic particulates Li6.75La3Zr1.75Nb0.25O12 (LLZNO) reinforced 

Al-matrix composites were prepared by two different methods: powder metallurgy (PM) 

and accumulative roll bonding (ARB) methods, in which the mass fraction of LLZNO 

additive was chosen as 10%. No chemical reaction between Al-matrix and LLZNO was 

found and LLZNO particles were all uniformly dispersed in Al-matrix. The mechanical 

and damping properties of LLZNO/Al composites prepared by the above two methods 

were evaluated. The maximum damping capacity and the ultimate tensile stress of 

LLZNO/Al composites prepared by ARB method were obtained as high as 0.009 and 72 

MPa, respectively, which were much higher than that prepared by PM method, moreover 

the elongation of LLZNO/Al composites increased from 8% by PM method to 34% by 

ARB method. The simultaneously enhanced damping ability, tensile strength and 

ductility of the LLZNO/Al composite at room temperature prepared by ARB method can 

be ascribed to the good bonding interfaces between LLZNO particles and Al-matrix. 

Compared with PM method, the ARB method was more suitable for preparing particles 

reinforced metal-matrix composites because of the simple preparation process, higher 

relative density, good bonding interfaces between additives and matrix, 
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Abstract: 

Ferroelectric solid solutions based on PbTiO3, mainly the one with lead zirconate 

(PbZrO3), also known as PZT, dominate the industrial applications of ferro-piezoelectric 

materials in polycrystalline form, also known as piezoelectric ceramics. The use of PbO 

in the fabrication of PZT and the end of the life-cycle of this omnipresent material 

involves hazards for the human health and the environment [1]. European Union 

regulations arising in 2003 [2,3] were the first to include the substitution of PZT with 

lead-free ferroelectrics. These regulations triggered the study of lead-free ferro-

piezoelectrics [4] and are now worldwide extended. This scientific research field 

experienced a strong growth from that time [5] and has reached today a great level of 

maturity in some scientific themes, industrial transference and expansion of the topic 

from the scientific community to the society and to the business schools [6]. In-operando 

characterization techniques of the materials as ultrasonic generators, including elastic, 

dielectric and piezoelectric losses are presented [7,8]. Ecological, lead-free, ferroelectrics 

perovskites based on BaTiO3 and Ba substituted (Bi0.5Na0.5)TiO3 are here considered 

and matrix characterization of potentially applicable compositions is discussed. [1] M. 

Kosec, B. Malic, W. Wolny, A. James, C. Alemany and L. Pardo. “Effect of a chemically 

aggressive environment on the electromechanical behaviour of modified lead titanate 

ceramics”. J Korean Phys Soc, 32 (1998), p. S1163-S6 [2]”EU-Directive 2002/96/EC: 

Waste Electrical and Electronic Equipment (WEEE)” Off. J. Eur. Union, 46 [L37] 24–38 

(2003). [3]”EU-Directive 2002/95/EC: Restriction of the Use of Certain Hazardous 

Substances in Electrical and Electronic Equipment (RoHS)” Off. J. Eur. Union, 46 [L37] 

19–23 (2003). [4] E. Ringgaard and T. Wurlitzer “Lead-free piezoceramics based on 

alkali niobates” J. Eur. Ceram. Soc., 25 (12) 2701-2706 (2005) [5] Rödel, J.; Webber, 

K.G.; Dittmer, R.; Jo, W.; Kimura, M.; Damjanovic, D. “Transferring lead-free 

piezoelectric ceramics into application”. J. Eur. Ceram. Soc. 2015, 35, 1659–1681. [6] T. 

Ibn-Mohammed, S. C. L. Koh, I. M. Reaney, D. C. Sinclair, K. B. Mustapha, A. Acquaye, 

D. Wang. “Are lead-free piezoelectrics more environmentally friendly?” MRS 

Communications (2017), DOI: https://doi.org/10.1557/mrc.2017.10 [7] L. Pardo, A. 

García, F.M. de Espinosa and K. Brebøl “Shear Resonance Mode Decoupling to 

Determine the Characteristic Matrix of Piezoceramics For 3-D Modelling”. IEEE Trans. 

Ultrason. Ferroelectr. Freq. Control 2011, 58, 646–657. [8] A. M. González, Á. García, 

C. Benavente-Peces and L. Pardo “Revisiting the Characterization of the Losses in 

Piezoelectric Materials from Impedance Spectroscopy at Resonance” Materials 2016, 

9(2), 72 
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Keyword: Strain-Amplitude Dependent Internal Friction, Torsion Pendulum, Vibration 

Reed. 

Abstract: 

In the traditional standard of internal friction measurement the torsion pendulum and 

vibration reed were preferentially recommended and the issue of strain amplitude 

dependence of internal friction was not concerned. To more precisely measure materials’ 

internal friction and modulus at various train amplitude, in this paper the strain amplitude 

dependence of internal friction and modulus is considered by analyzing the stress 

distribution in the sample in different internal friction measurement methods. The 

formulas for the measurement of internal friction and modulus versus strain-amplitude 

are obtained by re-deriving the principle equations for internal friction and modulus 

measurements by torsion pendulum and vibration reed methods from the basic definition 

of internal friction. This provides a new standard for precise measurement of internal 

friction at different strain-amplitude in the cases of high strain-amplitude excitation or 

high damping materials. 
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Abstract: 

Since its development more than twenty years ago for internal friction measurements of 

subnanometer silica films [1], the double paddle oscillator (DPO) has provided a sensitive 

platform for the measurement of the internal friction and shear modulus of thin films. At 

liquid helium temperatures, the DPO has a background internal friction of Q-1=2×10-8; 

however the nature of the loss mechanisms that set this value is unknown. In order to 

determine the feasibility of further improvements in background Q-1, we have conducted 

a series of modifications to the fabrication process which have led to improvement. An 

annealing step conducted at 300°C was found to reduce a broad peak near 100K in as-

fabricated resonators by a factor of 2 in the 30K—100K region. Slight modifications to 

the oscillator geometry have been found to yield a significant improvement in quality 

factor and this is analyzed in terms of the locus of flexural energy and mode mixing. The 

sensitivity improvements these and other changes enable is evaluated in terms of their 

ability to improve measurements of two level system-induced damping in technologically 

important dielectric materials. [1] B. E. White and R. O. Pohl, Phys. Rev. Lett. 75, 4437 

(1995) This research was supported by the Office of Naval Research. 
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Abstract: 

This contribution will discuss multi-scale high-resolution characterization of dissipation 

of mechanical energy in solids as a means to gain new insight toward solving challenging 

problems in materials science. We will show how combined different methods (around 

30) and algorithms of computing the logarithmic decrement, ?, and resonant frequency, 

f0, on the same specimen provide a basis for more precise and efficient characterization 

of exponentially damped harmonic oscillations recorded in a mechanical spectrometer. 

The time-dependent aspect is considered as a non-avoidable experimental fact, which 

must be taken into account both in high-resolution mechanical spectroscopy, HRMS, and 

standard mechanical loss measurements. The analysis offers a more complete self-

consistent understanding of the computational procedure to estimate dissipation of 

mechanical loss energy in solids. The use of a novel optimized interpolated discrete 

Fourier transform is addressed; the performance of all available methods to compute the 

logarithmic decrement and resonant frequency is discussed and carefully compared for 

several experimental conditions. The universal character of the reported powerful 

solution has proved to be successful in a wide range of resonant frequencies (from 0.1 Hz 

to kHz) and damping levels (from 0.5 to 10-9). To this end, the disadvantages and 

detrimental consequences of using classical methods to estimate the logarithmic 

decrement, ?, and resonant frequency, f0, are also addressed. The method can be readily 

applied to high (0.5) and ultralow damping (10-8 – 10-9) materials, and materials 

characterized by a typical damping level, that is, 10-3 – 10-4. In-situ online 

experimentation is presented and discussed in detail. It is emphasized that the use of the 

optimized interpolated discrete Fourier transform method to obtain the length (duration 

of a decaying strain signal) scale mapping information yields new opportunities to 

increase the accuracy and resolution of mechanical spectrometers, resolve complex 

internal friction spectra and substantially increase the precision in estimation of elastic 

moduli. 
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