Sheffield
Hallam _
University

Temperature dependent, large electromechanical strain in
Nd-doped BiFeO3-BaTiO3 lead-free ceramics

WANG, Dawei, KHESRO, Amir, MURAKAMI, S, FETEIRA, Antonio
<http://orcid.org/0000-0001-8151-7009>, ZHAO, Quanliang and REANEY, lan
M.

Available from Sheffield Hallam University Research Archive (SHURA) at:
https://shura.shu.ac.uk/14516/

This document is the Published Version [VOR]
Citation:

WANG, Dawei, KHESRO, Amir, MURAKAMI, S, FETEIRA, Antonio, ZHAO,
Quanliang and REANEY, lan M. (2016). Temperature dependent, large
electromechanical strain in Nd-doped BiFeO3-BaTiO3 lead-free ceramics. Journal of
the European Ceramic Society. [Article]

Copyright and re-use policy

See http://shura.shu.ac.uk/information.html

Sheffield Hallam University Research Archive
http://shura.shu.ac.uk



http://shura.shu.ac.uk/
http://shura.shu.ac.uk/information.html

G Model
JECS-10891; No.of Pages4

Journal of the European Ceramic Society xxx (2016) XXX—XXX

|

Journal of the
European Ceramic Society

Contents lists available at www.sciencedirect.com

Journal of the European Ceramic Society

journal homepage: www.elsevier.com/locate/jeurceramsoc

Short communication

Temperature dependent, large electromechanical strain in Nd-doped
BiFeO3-BaTiO3 lead-free ceramics

Dawei Wang®¢, Amir Khesro?, Shunsuke Murakami®?, Antonio Feteira®, Quanliang Zhao®,
Ian M. Reaney **
a Department of Materials Science and Engineering, University of Sheffield, Sheffield S1 3]D, UK

b Christian Doppler Laboratory for Advanced Ferroic Oxides, Sheffield Hallam University, Sheffield S1 1WB, UK
¢ Department of Materials Science and Engineering, North China University of Technology, Beijing 100144, China

ARTICLE INFO ABSTRACT

Article history:

Received 6 October 2016

Received in revised form 21 October 2016
Accepted 22 October 2016

Available online xxx

Lead-free piezoceramics with the composition 0.7(Bi;xNdy)FeO3-0.3BaTiO3+0.1 wt% MnO, (BNXF-BT)
were prepared using a conventional solid state route. X-ray diffraction and temperature dependent
permittivity measurements indicated a transition from a composition lying at a morphotropic phase
boundary (MPB) to a pseudocubic phase as a function of Nd concentration. The highest maximum strain
(Smax ~0.2% at 60 kV/cm) and effective piezoelectric coefficient (d33* =333 pm/V) were obtained at room
temperature for the composition BNO.02F-BT. The decrease in remanent polarization (P;) and Berlin-
court d33 with increase in Nd concentration can be attributed to the coexistence of ferroelectric and
relaxor phases. In-situ polarisation and strain measurements revealed an increase in P, and ds3* with
temperature and a reduction in the coercive field Ec. Presumably this behavior is due to a combination
of thermally activated domain wall motion and lowering of the activation energy for a field induced
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Strain relaxor-ferroelectric transition, as the Curie maximum is approached.
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1. Introduction

Bismuth ferrite (BiFeO3, BF) is a multiferroic material with a
rhombohedrally distorted perovskite structure (space group R3c)
at room temperature (RT). BF is popular for the rare coexistence
of the antiferromagnetic and ferroelectric order with a Neel tem-
perature (Ty) of ~643 K and a Curie temperature (T¢) of ~1103 K
[1,2]. The latter property is of interest for high temperature piezo-
electric applications. Furthermore, BF is environmently-friendly
in comparison to lead containing piezoelectric materials and can
therefore meet the regulations on protection of environment and
human health [2]. However, BF exists only in a narrow temperature
range, making the synthesis of single phase BF without secondary
phases such as BiyFe4Og9 and BiysFeOy4g a difficult task by conven-
tional methods [2-4]. Furthermore, BF ceramics usually exhibit
high electrical leakage because of the reduction of Fe ions from Fe3*
to Fe2* during sintering and the formation of oxygen vacancies for
charge compensation [5,6], leading to the difficulties in obtaining
saturated polarization hysteresis loop and piezoelectric response.
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Therefore, to reduce the leakage current, inhibit the formation of
secondary phases and improve properties, extensive studies have
been carried out, including the substitution of various ions for
Bi3*/Fe3* in BF [7-13] and the formation of BF-based solid solu-
tions with other ABO3 type perovskites (e.g. BaTiO3, Ba(Zr,Ti)O3
and Big5Kg5TiO3) [14-19]. It should be noted that multiferroic
BiFeO3-BaTiO3; (BF-BT) solid solution has been frequently studied
and proved to be a high-T¢ lead-free piezoelectric ceramic [14-17].
However, most of these investigations on BF-BT focus on the prop-
erties at RT and rarely provide the temperature dependence of
properties, which is critical for practical applications. In addition,
it is reported that the substitution of rare earth ions for Bi3* in
BF can enhance their piezoelectricity and ferroelectricity [7-13].
Consequently, in this work, Nd-doped BF-BT lead-free ceramics
were prepared by a conventional sintering technique and the com-
position and temperature dependence of the ferroelectricity and
electric-field induced strain were investigated.

2. Experimental procedure
The BF-based ceramics with compositions of 0.7(Bi;_xNdy )FeO3-

0.3BaTiO3+0.1 wt% MnO, (BNXF-BT, x=0, 0.005, 0.01, 0.02, 0.05)
were prepared using a conventional solid state reaction. A small
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amount of MnO, was added to increase the resistivity of BF-BT
ceramics, which is commonly used in previous reports [15-19].
Raw materials, including Bi;O3; (99.9%, Sigma-Aldrich), Fe,03
(99.5%, Sigma-Aldrich), Nd, 03 (99.5%, Sigma-Aldrich), TiO, (99.9%,
Sigma-Aldrich), and BaCO5; (99%, Sigma-Aldrich) were batched
stoichiometrically according to the nominal compositions and ball-
milled in isopropanol for 24 h. The dried mixed powders were
calcined at 700 to 800°C for 2 h to synthesize the compound and
then ball milled in isopropanol with MnO, (99%, Sigma-Aldrich) for
12 h. The calcined powders were mixed with a polyvinyl alcohol
(PVA) binder solution, granulated and pressed into pellets with a
diameter of 10 mm. Following binder burnout at 550 °C, the pellets
were sintered in a sealed crucible at 1010-1040°C for 2 h.

The density of the sintered samples was measured using
Archimedes method. The relative density of all studied samples was
higher than 95%. The phase structure of the sintered samples was
studied using a Bruker D2 Phaser X-ray powder diffraction (XRD).
For electrical tests, sintered samples were electroded using fired-
on silver paste, followed by the samples being poled in silicon oil
at 100-120°C with an applied electric field of 40-60 kV/cm. Piezo-
electric coefficient (d33) was measured using a Piezotest PM300 d33
meter. Polarization hysteresis and strain-electric field behaviour
were determined using a modified Sawyer-Tower circuit driven
by a lock-in amplifier (Model SR830, Stanford Research System,
Sunnyvale, CA) at a frequency of 1 Hz from RT to 150 °C. The tem-
perature dependent of dielectric property from RT to 550°C was
carried out using an Agilent 4184A multi-frequency precision LCR
meter.

3. Results and discussion

The RT XRD patterns of BNXF-BT in the 26 range of 20°-70° are
shown in Fig. 1(a). All peaks could be attributed to a single per-
ovskite phase, indicating that a stable solid solution was formed in
the studied range. Diffraction peaks shifted to a higher diffraction
angle with increasing Nd concentration, consistent with the smaller
relative ionic radius of Nd3* jons compared to that of Bi3* ions in
the matrix composition [11,12]. Splitting of (012)/(110) diffraction
peak at ~260=32° was used to determine the likely symmetry of
compositions. From the expanded XRD patterns (Fig. 1a), phase
coexistence in the BF-BT matrix is apparent at RT as shown by the
broad multiple peaks, which have been reported to indicate a mor-
photropic phase boundary (MPB) [14,15,20]. As Nd concentration
increased, a pseudocubic phase followed by the appearance of one
merged peak as observed in refs [14,15,20].

The temperature dependence of dielectric permittivity (&)
and loss (tan §) for BNXF-BT at 100kHz is given in Fig. 1(b).
With increasing Nd concentration, the T¢/Curie maximum (Tr,)
decreased monotonously (inset of Fig. 1b), presumably due to dis-
ruption of polar coupling by the substitution of the less polarisable
Nd for Bi [20,21]. The decrease in polar coupling also manifested
itself by relaxor-like characteristics, with the appearance of broad
frequency-dependent dielectric peaks. Despite these changes, tan
& remained low below 400 °C, but then increased sharply (Fig. 1b),
indicating an increase in dc conductivity at high temperature.

The high electric field bipolar polarization hysteresis (P-E) and
unipolar strain (S-E) loops for BNXF-BT are shown in Fig. 2(a and b),
from which the remanent polarization (P;), coercive field (Ec) and
average electric field induced maximum strain (Smax) as a func-
tion of Nd content can be obtained, Fig. 2(c and d). The normalized
strain coefficient ds3", representing the average strain per unit of
electric field, is calculated by, d33” =Smax/Emax, where Emax is the
maximum electric field value. The BF-BT sample possessed a typical
saturated hysteresis loops (Fig. 2a), indicating high resistivity and
good sintering behaviour of the fabricated samples. With increasing
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Fig. 1. (a) RT XRD patterns of BNXF-BT and (b) Temperature dependence of &; and
tand at 100 kHz for BNXF-BT, inset shows Ty as a function of Nd concentration.

Table 1
Comparison of temperature dependence of ds3” for various piezoelectric ceramics
(PZT, Pb(Zr,Ti )03: BNT-BT-BKT, Bio,s Na0,5TiO3—BaTiO3—Bi0A5 K05Ti03 )

Material Temperature range Increase in d33” Reference
PZT-4 RT-160°C 15% 23
PZT-5H RT-80°C >40% 24
BNT-BT-BKT RT-100°C 273% 25
BF RT-262°C 258% 22
BF-0.3BT RT-150°C 42% This work
BNO.02F-0.3BT RT-150°C 117% This work

Nd concentration, P-E loops became slim and unsaturated (Fig. 2a),
with Py, Ec and d33 continuously decreasing (Fig. 2c¢), consistent
with the broad permittivity maximum (Fig. 1b) and indicative
of relaxor-like behaviour. The highest value of P; ~36.6 u.C/cm?,
Ec~33.6kV/cm and d33 ~190 pC/N was achieved for the BF-BT
matrix without Nd doping due to the presence of an MPB (Fig. 1a)
[14,15]. At the same time, the Smax and ds3~ values increased sig-
nificantly with increasing Nd concentration, reaching a maximum
of 0.2% and 333 pm/V at x=0.02, above which it reduced, Fig. 2(d).
The enhancement of the Spyax and d33* in BNO.O2F-BT is attributed
to the crossover from normal to relaxor ferroelectric behaviour.
The in-situ temperature dependence of bipolar P-E and unipo-
lar S-E loops for two compositions are shown in Fig. 3(a and b),
from which the P;, Ec and ds3” as a function of temperature were
obtained, Fig. 3(c). As temperature increased, the P-E loops for each
composition became saturated and slim (Fig. 3a), which implies
that higher temperature effectively promotes the movement of
domain walls and/or facilitates an easier field induced transition
from a relaxor to a ferroelectric state, resulting in higher Py, d33”
and lower E¢ as shown in Fig. 3(c). Similar behaviour has also been
found in other lead-based/lead-free ceramics as given in Table 1
[22-25]. For example, the increase in d3;" for pure BF-BT is ~42%,
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Fig. 2. High electric field (a) bipolar polarization hysteresis and (b) unipolar strain loops for BNXF-BT; (c) P; and Ec as a function of Nd concentration, inset shows ds3 as a
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Fig. 3. The in-situ temperature dependence of high electric field (a) bipolar polarization hysteresis and (b) unipolar strain loops for BF-BT and BN0.02F-BT; (c) P;, Ec and d33”
as a function of temperature.

lower than that of BNO.O2F-BT (~117%). However, detailed knowl-
edge of the domain morphology and its field dependence is required
to fully appreciate the relative contributions of domain wall motion
versus field induced transitions to d33* in BNO.O2F-BT ceramics.

4. Conclusion

In this work, BNXF-BT lead-free piezoelectric ceramics were suc-
cessfully prepared using a conventional solid state route. With
increasing Nd concentration, the phase assemblage of BNXF-BT
gradually transformed from an MPB to a pseudocubic phase. The
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highest P; ~ 36.6 wC/cm?, Ec ~33.6 kV/cm and d33 = 190 pC/N were
obtained for the pure BF-BT due the presence of the MPB. How-
ever, the optimum Spax ~0.2% and d33* =333 pm/V were achieved
at RT for the composition doped with 0.02 mol% Nd, attributed to
the coexistence of ferroelectric and relaxor phases. In addition, the
in-situ temperature dependence of ferroelectric and strain behav-
ior indicated that the P-E loops became more and more saturated
and slim with increasing temperature, resulting in higher Py, d33"
and lower Ec.

Acknowledgements

We thanks Prof. Susan Trolier-McKinstry and Prof. Clive Randall
from Materials Research Institute of Pennsylvania State University
for the help and discussion. We acknowledge the Sustainabil-
ity and Substitution of Functional Materials and Devices EPSRC
(EP/LO17563/1) and the National Natural Science Foundation of
China (51402005) for funding and supporting this work. A.K.
acknowledges Abdul Wali Khan University Mardan for Ph.D. stu-
dentship.

References

[1] R.Ramesh, A.S. Nicola, Multiferroics: progress and prospects in thin films,
Nat. Mater. 6 (2007) 21-29.

[2] T.Rojac, A. Bencan, B. Malic, G. Tutuncu, J.L. Jones, ].E. Daniels, D. Damjanovic,
BiFeOs ceramics: processing, electrical, and electromechanical properties, J.
Am. Ceram. Soc. 97 (2014) 1993-2011.

[3] I Sosnowska, T. Peterlinneumaier, E. Steichele, Spiral magnetic ordering in
bismuth ferrite, J. Phys. C: Solid State Phys. 15 (1982) 4835-4846.

[4] R.Palai, R.S. Katiyar, H. Schmid, P. Tissot, S.J. Clark, J. Robertson, S. Redfern, G.
Catalan, J.F. Scott, Beta phase and gamma-beta metal-insulator transition in
multiferroic BiFeOs, Phys. Rev. B 77 (2008) 014110.

[5] AK. Pradhan, K. Zhang, D. Hunter, J.B. Dadson, G.B. Loiutts, P. Bhattacharya, R.
Katiyar, J. Zhang, D.J. Sellmyer, U.N. Roy, Y. Cui, A. Burger, Magnetic and
electrical properties of single-phase multiferroic BiFeOs, J. Appl. Phys. 97
(2005) 093903.

[6] S.K.Pradhan, B.K. Roul, Improvement of multiferroic and leakage property in
monophasic BiFeOs, Phys. B 406 (2011) 3313-3317.

[7] K. Kalantari, I. Sterianou, S. Karimi, M.C. Ferrarelli, S. Miao, D.C. Sinclair, .M.
Reaney, Ti-doping to reduce conductivity in BipsgsNdo 15FeO3 ceramics, Adv.
Funct. Mater. 21 (2011) 3737-3743.

[8] A.Khesro, R. Boston, I. Sterianou, D.C. Sinclair, .M. Reaney, Phase transitions,
domain structure, and pseudosymmetry in La- and Ti-doped BiFeOs, ]. Appl.
Phys. 119 (2016) 054101.

[9] D.Kan, L. Palova, V. Anbusathaiah, CJ. Cheng, S. Fujino, V. Nagarajan, K.M.
Rabe, 1. Takeuchi, Universal behavior and electric-field-induced structural
transition in rare-earth-substituted BiFeOs, Adv. Funct. Mater. 20 (2010)
1108-1115.

[10] T.Zheng, J. Wu, Effects of site engineering and doped element types on
piezoelectric and dielectric properties of bismuth ferrite lead-free ceramics, J.
Mater. Chem. C 3 (2015) 11326-11334.

[11] D. Wang, M. Wang, F. Liu, Y. Cui, Q. Zhao, H. Sun, H. Jin, M. Cao, Sol-gel
synthesis of Nd-doped BiFeOs; multiferroic and its characterization, Ceram.
Int. 41 (2015) 8768-8772.

[12] Y. Li, W. Cao, ]. Yuan, D. Wang, M. Cao, Nd doping of bismuth ferrite to tune
electromagnetic properties and increase microwave absorption by
magnetic-dielectric synergy, J. Mater. Chem. C 3 (2015) 9276-9282.

[13] Y. Li, M. Cao, D. Wang, J. Yuan, High-efficiency and dynamic stable
electromagnetic wave attenuation for La doped bismuth ferrite at elevated
temperature and gigahertz frequency, RSC Adv. 5 (2015) 77184-77191.

[14] M.H. Lee, D.J. Kim, ].S. Park, S.W. Kim, T.K. Song, M.H. Kim, W.]J. Kim, D. Do, LK.
Jeong, High-performance lead-free piezoceramics with high curie
temperatures, Adv. Mater. 27 (2015) 6976-6982.

[15] S.O.Leontsev, R.E. Eitel, Dielectric and piezoelectric properties in Mn-modified
(1-x)BiFeO3-xBaTiO3 ceramics, J. Am. Ceram. Soc. 92 (2009) 2957-2961.

[16] Y. Guo, P. Xiao, R. Wen, Y. Wan, Q. Zheng, D. Shi, K.H. Lam, M. Liu, D. Lin,
Critical roles of Mn-ions in enhancing the insulation, piezoelectricity and
multiferroicity of BiFeOs;-based lead-free high temperature ceramics, J. Mater.
Chem. C3(2015) 5811-5824.

[17] H.Yang, C. Zhou, X. Liu, Q. Zhou, G. Chen, W. Li, H. Wang, Piezoelectric
properties and temperature stabilities of Mn- and Cu-modified BiFeO3-BaTiO3
high temperature ceramics, J. Eur. Ceram. Soc. 33 (2013) 1177-1183.

[18] J. Chen, J. Cheng, High electric-induced strain and temperature-dependent
piezoelectric properties of 0.75BF-0.25BZT lead-free ceramics, ]. Am. Ceram.
Soc. 99 (2016) 536-542.

[19] J. Bennett, A]. Bell, T.J. Stevenson, R.I. Smith, . Sterianou, .M. Reaney, T.P.
Comyn, Multiferroic properties of BiFeO3;-(Ko5Big5)TiO3 ceramics, Mater. Lett.
94 (2013) 172-175.

[20] Q. Zheng, L. Luo, K.H. Lam, N. Jiang, Y. Guo, D. Lin, Enhanced ferroelectricity,
piezoelectricity, and ferromagnetism in Nd-modified BiFeO3-BaTiOs lead-free
ceramics, J. Appl. Phys. 116 (2014) 184101.

[21] Q. Zhou, C. Zhou, H. Yang, G. Chen, W. Li, H. Wang, Dielectric ferroelectric, and
piezoelectric properties of Bi(Niy; Ti;» )03-modified BiFeO3-BaTiOs ceramics
with high curie temperature, ]. Am. Ceram. Soc. 95 (2012) 3889-3893.

[22] T.Rojac, M. Makarovic, ]. Walker, H. Ursic, D. Damjanovic, T. Ko, Piezoelectric
response of BiFeOs ceramics at elevated temperatures, Appl. Phys. Lett. 109
(2016) 042904.

[23] Y. Saito, H. Takao, T. Tani, T. Nonoyama, K. Takatori, T. Homma, T. Nagaya, M.
Nakamura, Lead-free piezoceramics, Nature 432 (2004) 84-87.

[24] D. Wang, Y. Fotinich, G.P. Carman, Influence of temperature on the
electromechanical and fatigue behavior of piezoelectric ceramics, J. Appl.
Phys. 83 (1998) 5342-5350.

[25] S.T.Zhang, B. Yang, W. Cao, The temperature-dependent electrical properties
of Bip5Nag5TiO3-BaTiO3-Big5Ko5TiO3 near the morphotropic phase boundary,
Acta Mater. 60 (2012) 469-475.

Please cite this article in press as: D. Wang, et al., Temperature dependent, large electromechanical strain in Nd-doped BiFeO3-BaTiO3
lead-free ceramics, | Eur Ceram Soc (2016), http://dx.doi.org/10.1016/j.jeurceramsoc.2016.10.027



dx.doi.org/10.1016/j.jeurceramsoc.2016.10.027
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0005
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0010
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0015
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0020
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0025
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0030
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0035
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0040
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0045
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0050
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0055
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0060
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0065
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0070
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0075
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0080
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0085
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0090
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0095
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0100
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0105
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0110
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0115
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0120
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125
http://refhub.elsevier.com/S0955-2219(16)30579-9/sbref0125

	Temperature dependent, large electromechanical strain in Nd-doped BiFeO3-BaTiO3 lead-free ceramics
	1 Introduction
	2 Experimental procedure
	3 Results and discussion
	4 Conclusion
	Acknowledgements
	References


