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a  b s t r  a  c t

Lithium disilicate glass-ceramic, modified by GeO2/SiO2 replacement to give 33.60Li2O-

5.00GeO2-61.40SiO2 (mol%) composition, was investigated by  the conventional melt

technique. The effect of adding 0.1 mol of some rare earth oxides like Y2O3,  La2O3 or CeO2 on

the  crystallization behavior, chemical durability, Vicker’s microhardness, and density of the

obtained glass-ceramics were studied. The effect of In2O3 was also investigated. The glass

transition temperature (Tg) was reduced slightly by the  replacement of GeO2/SiO2,  while

it  markedly increased when GeO2-containing glass was doped with different rare earth

or  In2O3 oxides. Different forms of disilicate phases like Li2Si2O5, Y2Si2O7 and La2Si2O7

in  addition to two forms of Li2(Ge,Si)2O5 and Li2(Ge,Si)O3 solid solution were  developed.

LiInSi2O6 of pyroxene structure, Li6Ge8O19 and CeO2 phases were also detected. The den-

sity  values of the glass-ceramics vary from 2.38 to 3.14 g/cm3 and the  hardness was in the

range  of 4150–5585 MPa. The chemical durability of the modified glass-ceramics was greatly

improved. The modification of glass-ceramics with GeO2 or other dopant oxides led  to  pro-

ducing  of materials with more dense and ultra-fine microstructures. Such materials are

promising for superior applications as catalysis, electrolyte in fuel cells, biomedical, as  well

as  dental restorative applications.

© 2018 SECV. Published by  Elsevier España, S.L.U. This is an open access article under the

CC  BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Características  de cristalización  y  propiedades  de las  vitrocerámicas  de
germanosilicato  de litio  dopadas  con  algunos  óxidos  de  tierras  raras
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r  e  s u m e n

La vitrocerámica de disilicato de litio, modificada por reemplazo de  GeO2/SiO2 para dar

33.60Li2O-5.00GeO2-61.40SiO2 (% molar), se investigó mediante la técnica de fusión con-

vencional. Se estudiaron los efectos de la adición de  0,1 moles de  algunos óxidos de tierras

raras  como Y2O3, La2O3 o CeO2 sobre el comportamiento de  cristalización, la durabili-

dad química, la microdureza de Vicker y  la densidad de las vitrocerámicas obtenidas. El

efecto de  In2O3 también fue investigado. La temperatura de transición vítrea (Tg) se redujo
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ligeramente mediante el reemplazo de GeO2/SiO2, mientras que aumentó marcadamente

cuando el  vidrio que contenía GeO2 se dopaba con diferentes tierras raras o óxidos de In2O3.

Se desarrollaron diferentes formas de fases de disilicato como Li2Si2O5, Y2Si2O7 y  La2Si2O7,

además  de dos formas de solución sólida de Li2 (Ge, Si) 2O5 y  Li2 (Ge, Si) O3. También se

detectaron LiInSi2O6 de estructura de piroxeno, fases Li6Ge8O19 y  CeO2. Los valores de

densidad de las vitrocerámicas varían de  2.38 a  3.14 g/cm3 y  la dureza estaba en el rango

de  4150 a  5585 MPa. La durabilidad química de las vitrocerámicas modificadas se mejoró

enormemente. La modificación de las vitrocerámicas con GeO2 u  otros óxidos dopantes

condujo a  la producción de materiales con microestructuras más densas y ultrafinas. Tales

materiales son prometedores para aplicaciones superiores como catálisis, electrolitos en

celdas  de  combustible, biomédicas, así como aplicaciones de restauración dental.

©  2018 SECV. Publicado por Elsevier España, S.L.U. Este es un artı́culo Open Access bajo

la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Glass ceramics are special series of materials in which the
appropriate compositions of parent glass can be  crystallized
under carefully controlled conditions which lead to interest-
ing properties of the resulting material. These materials offer
a wide range of physical and mechanical properties combining
the distinctive characteristics of sintered ceramics and glasses
[1]. Furthermore, developing glass-ceramics demonstrate the
advantage of possessing various remarkable properties in one
material [2].

The lithium silicate system has attracted a great atten-
tion since development of the first glass-ceramic based on the
stoichiometric composition of lithium disilicate by Stookey
[3]. After this, several works were reported in the litera-
ture regarding the  nucleation and crystallization mechanism
in the binary Li2O-SiO2 system [4–9]. In multicomponent
lithium disilicate glasses, the formation of crystalline phases
is more  difficult than that in  the binary Li2O-SiO2 system and
is mostly affected by the character and amount of oxides
added to glasses as well as the nucleating agents [10]. Most
of previous studies in the Li2O-SiO2 system recommended
that the addition of several oxides in  non-stoichiometric
LD produces glass-ceramics exhibiting superior mechanical,
chemical, and thermal properties. These glass-ceramics have
been accepted as functional applications, such as ceramic
composites, ceramic-metal sealing and all-ceramic dental
restorations [11].

It  is well known that the mechanical properties of mate-
rials can be advanced by rare elements doping due to their
effects on the resultant microstructure specially their purify-
ing effect on the interface between grains and the  effective
solution in addition to the advantages of strengthening and
toughening [12].  CeO2, a  typical rare earth oxide with a  cubic
fluorite structure, has been widely used as  stabilizer and rein-
forcing agent in  structural ceramics [13]. Especially, it is more
significant that CeO2 has  profound influences on the  electric
properties of piezoelectric ceramics [14].  In particular, rare-
earth oxides such as  CeO2 and La2O3 have been proved to
be favorable for the sintering property of glass-ceramics [15].
The Y2O3 and La2O3 containing silicate glasses were reported

to display improvement in the alkaline durability [16] with
high glass transformation temperatures (Tg), high refractive
indices, very low electrical conductivity and moderate thermal
expansion coefficients [17].

Silicate materials containing In2O3 are well-known mate-
rials due to their superior chemical catalytic abilities caused
by the interaction between In and Si  [18],  as  well as the high
solubility of In2O3 in silicate melts which leads to improv-
ing the material durability and transparency. These materials
have an important function and become widely used in many
advanced applications as  photoelectric thin films, a  coat-
ing material for transparent electric conductors, an infrared
reflective material and chemical gas  sensors [19]. The current
work aims to investigate the  crystallization characteristics
and properties of lithium disilicate glass-ceramics containing-
GeO2. The influence of introducing one of different rare earth
dopants Y2O3, La2O3 or CeO2 as well In2O3 on the phase forma-
tion and resultant microstructure, in addition to  the chemical
and mechanical properties of the prepared crystalline materi-
als are also considered.

Experimental

Glass  batch  preparation  and  melting

The parent glass samples were prepared by the conventional
melt technique. Preparation of 40  g powder of glass batches
was performed by mixing high purity (purity >99%) chemi-
cal grade of purified quartz SiO2,  Li2CO3 and GeO2, with Y2O3,
La2O3, In2O3 or CeO2 powders which were chosen as the  raw
materials according to the designed molar compositions of
the studied glass as  shown in  Table 1. The homogeneously
weighted batches were allowed to melt in Pt crucible in a
Vecstar electric furnace at 1300–1350 ◦C for 2 h in air with
occasional stirring to get rid of air bubbles and increase the
homogeneity of the glass melt. The homogeneous bubble-free
melts were cast into a pre-heated stainless steel mold to form
rods, squares, and buttons with 5 mm thickness and they were
well annealed at about 500 ◦C and cooled down in  a  muffle
furnace to minimize the residual thermal stress of the glasses.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


96  b  o  l  e t  í  n d e l a s o c i  e  d a d  e  s p a ñ o l  a d  e c  e r á m i  c a y v i d r  i  o 5 8 (2 0  1 9) 94–102

Table 1 – The compositions of the studied glasses.

Sample Oxide constitutions (mol%)  Oxide added (mol) DTA data

Li2O SiO2 GeO2 Y2O3 La2O3 In2O3 CeO2 Tg ◦C  Tc1
◦C Tc2

◦C

LS 33.60 66.40 –  –  – –  –  478 615 –
LG 33.60 61.40  5.00 –  – –  –  473 600 –
LGy 33.60 61.40  5.00 0.1 – –  –  529 670 783
LGl 33.60 61.40  5.00 –  0.1 –  –  508 645 775
LGn 33.60 61.40  5.00 –  – 0.1  –  501 620 753
LGc 33.60 61.40  5.00 –  –  0.1  485 613 –

Characterization  techniques

Differential  thermal  analysis  (DTA)  and  heat-treatment

process

The DTA measurements were performed with a  differential
thermal analyzer (SDTQ 600 – TA  Instruments, USA) to  report
the glass transition (Tg), crystallization temperatures (Tc), and
the optimum conditions for heat treatment processing. About
10 mg  powder of each glass sample was placed in an  alumina
crucible and subjected to a  heating rate of 10 ◦C/min from
ambient temperature to 1000 ◦C in a flowing high purity nitro-
gen environment. Errors in measurement are ±5 ◦C. Therefore,
according to DTA results, the annealed glasses were then heat-
treated, by two-step schedules, at different temperature for
nucleation and crystallization to obtain glass-ceramic mate-
rials of holocrystalline mass with a minimum residual glassy
phase without deformation.

X-ray  powder  diffraction  (XRD).

Crystalline phases in the prepared glass–ceramics were
identified by an X-ray diffractometer (PW1080, PANalytics,
Netherlands) using Ni filtered Cu-K� radiation (� = 1.54056 Å)
produced at 35 kV and 25  mA,  with scanning speed (2�) of 2◦

per minute. The diffraction pattern was  recorded within Bragg
angle in a 2�  = 5–70◦ range and the phases were identified by
JCPDS numbers (ICDD-PDF2 database). The International Cen-
tre for Diffraction Data (ICDD) files were used to determine
the crystallized phases by comparing the peak positions and
intensities.

Scanning  electron  microscope  (SEM)

Microstructures of the cross-section for glass-ceramic sam-
ples were estimated using SEM observed to analyze the
morphology of crystals in the final glass-ceramics. This was
done by a scanning electron microscope (SEM/EDS, Quanta
FEG 250, Netherlands) with accelerating voltage 30 kV. Frac-
tured surfaces of samples were immersed in the solution (1%
HF + 1% HNO3)  for 40 s and then coated with a thin layer of gold
for high resolution observation using sputtered coater.

Measurement  of density  (�)

The density values of the glass-ceramic samples were eval-
uated by the standard principle of Archimedes method using
distilled water as immersion liquid with an accuracy of
±0.001 g/cm3. Five different rod pieces, for each sample free
from bubbles, were weighted. The relative weights of sample
rods in air and in distilled water were measured using an

electrical digital balance. The densities were calculated using
the equation below:

�  = �w(T) ·  Ws/(Ws − Ww), (1)

where �  is the sample density (g/cm3), �w (T) is the density of
water at the  measured temperature (g/cm3),  Ws is  the sample
weight in air (g)  and Ww is the sample weight in water (g).

Vicker  microhardness

Vicker microhardness values were measured using a  micro-
hardness tester (Shimadzu, Type-HMV, Japan; with a  pyramid
shaped diamond indenter). A  load of 100 g was applied
on well-polished glass–ceramic samples for 15 s under nor-
mal  atmospheric conditions. At least 10 indentations were
made on each sample using the average indentation diagonal
length to calculate hardness value in  kg/mm2. The resulting
indentation diagonals were measured and the hardness was
calculated using the following equation:

HV =  1.854 (p/d2) kg/mm2, (2)

where HV is  the Vicker microhardness, p is the applied load
(g), and d is  the average diagonal length (mm).  The micro-
hardness values were converted from kg/mm2 to MPa  by
multiplying with a constant value 9.8.

The  chemical  durability  test

The powdered test was  applied to assess the  chemical dura-
bility [20] of the obtained glass-ceramics. The samples were
crushed in an agate mortar and then sieved using B.S. sieves
to obtain particles with diameters ranging between 0.63 and
0.32 mm. The grains were washed with ethyl alcohol and then
with pure dry ether three times then finally dried. The dried
samples were accurately weighed (1.0 g) in  sintered glass cru-
cibles (G4) and then placed in 400 ml  polyethylene beakers.
The samples were tested in 0.1 M HCl solution; 200 ml  of the
acid solution was introduced into the polyethylene beakers.
This quantity was sufficient to  cover the sintered glass cru-
cibles. The polyethylene beakers with their contents were
covered by polyethylene cover to reduce evaporation. The
beakers were placed in water bath regulated at 95 ◦C.  After
1 h, the beakers were removed from the bath and the sin-
tered glass crucibles were fitted on a  suction pump and the
whole solution was  pumped through it. The sintered crucibles
were dried in  an oven at 110 ◦C for 1  h and then transferred
to a  desiccator to cool to room temperature. The chemical
durability was expressed as  the  loss in weight of the glass-
ceramic samples after immersion. Therefore, the  sintered
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glass crucibles were reweighted and the total weight loss was
calculated.

Results  and discussion

Crystallization  characteristics

The rare earth ions have an  influence not only on the phases
developed, but also on the density, glass transition tempera-
ture, softening point, as  well as  the mechanical and chemical
stability of the  glass ceramics [21].  They form the heteroge-
neous crystalline nuclei to initiate the phase separation in
Si–O–Si glass matrix. The variations of cationic field strength
(Z/r2)  of dopant ions from Si4+ play  key role in crystallite forma-
tion, and hence, phase separation in the modified glass [22].
The DTA curves for the studied glasses that occurred at a heat-
ing rate of 10 ◦C/min are shown in Fig. 1.  With  reference to the
DTA data, the glass transition temperature (Tg) of the parent
glass LS is 478 ◦C.  This was  noticed to decrease when the par-
ent glass is modified by GeO2 (LG) to 473 ◦C, while it obviously
increased when the modified glass (LG) is  doped with Y2O3,
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Fig. 1 – DTA curves of the investigated glasses.

La2O3,  In2O3 or CeO2 (Fig. 1 and Table 1). The addition of 5 mol%
GeO2 at the expense of SiO2 (LG glass) in the Li2Si2O5 (LS glass)
led to shifting both the endothermic and exothermic peak
temperatures toward lower temperatures (Fig. 1). Thus glasses
containing GeO2 are melted at temperatures lower than those
free of it. So,  the introduction of GeO2 in the glass structure at
the expense of SiO2 led to an  increase of the number of non-
bridging oxygens (NBO), and this was due to the fact that Ge–O
bond is  weaker than the Si–O bond [23].

Based on the differential thermal analysis curves (Fig. 1),
the results show that, modifying GeO2-containing lithium
disilicate (LG) with 0.1 mol  of one of different dopants like
Y2O3, La2O3, In2O3 or  CeO2 led to  noticeable increase in  both
glass transition (Tg) and glass crystallization (Tc) tempera-
tures. Therefore, according to Ray [24],  the higher values of
glass transition (Tg) would be expected to  be achieved with
the addition of different dopants in LG glass due to  increas-
ing the number and density of covalent cross-linking with the
strength of cross-links between the cations and oxygen atoms
in the structure of the glass samples. Thus the introduced
cations can be allocated in the holes of the silicate glass struc-
ture to act as  network forming ions in fourth fold coordination
[25].

Fig. 2 shows the patterns of XRD  of the  glass-ceramic
samples and Table 2 summarizes the crystalline phases devel-
oped at different heat-treatment temperatures. The X-ray
diffraction analysis (Fig. 2, Pattern I)  shows that, lithium
disilicate-Li2Si2O5 (PDF, card No.17-0447) is  the only developed
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Table 2 – Crystalline phases developed and properties of the prepared glass-ceramics.

Sample Heat-treatment (◦C/h) Crystalline phases developed Density (g/cm3)  Hardness (MPa) Weight loss  % (g)

LS 480/5–615/10 Li2Si2O5 (LS2)  2.38 4150 2.05
LG 475/5–600/10 LS2 ss  [Li2 (Ge Si)2O5] 2.45 4455 1.85
LGy 530/5–785/10 Li2 (Ge Si)O3, Y2Si2O7 2.88 4670 1.19
LGl 510/5–775/10 La2Si2O7, Li2 (Ge Si)O3 3.14 5585 1.31
LGn 500/5–750/10 Li2 (Ge Si)O3, LiInSi2O6 3.08 4560 0.98
LGc 485/5–615/10 Li2Si2O5, Li6Ge8O19, CeO2 2.51 5050 1.06

phase in the parent crystalline LS glass that is heat treated at
480 ◦C/5 h–615 ◦C/10 h. Crystallization of Li2SiO3 and Li2Si2O5

phases and their ratios might depend on the thermal history
including heat-treatment temperatures with duration of the
process, the SiO2/Li2O ratio in the parent glass composition,
and the type of nucleating agents [1].  Lithium metasilicate
is exclusively formed by the low temperature treatment of
glasses. With extra heating and long extent of Li2O groups,
the complex layered of lithium disilicate grows in the SiO2-
rich of glassy matrix. The substitution of GeO2 at the expense
of SiO2 (5 mol%) in the Li2Si2O5 molecule, i.e.  LG  sample, heat
treated at 475 ◦C/5 h–600 ◦C/10 h, does not produce any new
phase than that crystallized in LS glass-ceramic, i.e., no GeO2-
containing phases could be  detected (Fig. 2,  Patterns II). This
leads to an important conclusion that germanium cations
(Ge4+) present in  the melt can find place in the Si4+ site [26] in
the lithium di-silicate structure and form Li2(Ge Si)2O5 solid
solution phase. The obtained result is in agreement with our
previously reported work [27,28].  Therefore, according to  the
petrochemical calculation [29], lithium germanium silicate
phase of the probable formula-Li2 (Ge0.08 Si0.92)2O5 may be
formed by the accommodation of Ge4+ in the lithium disilicate
structure which has a  wide range of solid solution formations
[30].

A detailed study for the effect of doping GeO2-containing
glasses, i.e. LG, with 0.1 mol  of Y2O3, La2O3,  In2O3 or CeO2

on the crystal phase formations in the glass-ceramic mate-
rials was followed. The results indicate that dopant oxides
have good solubility in  the lithium silicate glass and pro-
mote the crystallization of heterogeneous nucleation. The
XRD [Fig. 2, Pattern III] revealed that, the  doping of GeO2-
containing glass, i.e. LG, with 0.1 mol  of Y2O3 (LGy), treated
at 530 ◦C/5 h–785 ◦C/10 h, led to appearance of d-spacing lines
characteristic for Li2SiO3 (PDF, card No.29-0828) as  a  major
phase in addition to yttrium disilicate-Y2Si2O7 (PDF, card
No.38-0440) keivite phase where no lithium disilicate phase
could be identified. This may be demonstrated by the affin-
ity of yttrium oxide to react with lithium Ge-disilicate solid
solution to form yttrium disilicate and lithium Ge-metasilicate
solid solution phases as follows:

2Li2(Ge Si)2O5 + Y2O3 → 2Li2(Ge Si)O3 + Y2Si2O7 (3)

As a result, lithium metasilicate phase could be formed
instead of the  disilicate phase and accommodated germa-
nium cation, which can replace Si  isostructurally in  Si4+ site
in its structure to  form lithium Ge-metasilicate solid solution
of the probable formula-Li2(Ge0.15Si0.85)O3. Yttrium disilicate-
Y2Si2O7 occurs in nature as yttrialite and is the resource of
rare earth silicate compounds [31].

The heating for glass doping with 0.1 mol  La2O3,  i.e. LGl,
led to  the  crystallization of lanthanum disilicate-La2Si2O7

(PDF, card No.82-0729) as main phase together with secondary
phase of lithium Ge-metasilicate solid solution as indicated
by the XRD analysis (Fig. 2, Pattern IV) and according to the
following equation:

2Li2(Ge Si)2O5 + La2O3 → 2Li2(GeSi)O3 + La2Si2O7 (4)

The crystallization products of glass-ceramic, treated at
510 ◦C/5 h–775 ◦C/10 h, may  be illustrated according to  the
DTA curve of glass LGl (Fig. 1,  LGl curve). There are two
exothermic peaks detected which related to the crystal-
lization temperatures (TC) of the respective glass. The first
dip  was powered to the first  crystalline phase of lithium
Ge-metasilicate solid solution at 645 ◦C.  Along with increas-
ing temperature, the  dip of the second peak get stronger
and the lines of XRD corresponding to La2Si2O7 phase was
formed in  the developed glass-ceramic LGl (Fig. 2,  Pat-
tern IV). In the case of In2O3-containing glass (i.e. LGn),
crystallized at 500 ◦C/5 h–750 ◦C/10 h, the X-ray diffraction
analysis (Fig. 2,  Pattern V) revealed that the addition of In2O3

into GeO2-containing glass, led to  the formation of lithium
indium silicate – LiInSi2O6 phase, of pyroxene-type (PDF, card
No.33-0799) together with the crystallization of lithium Ge-
metsailicate-Li2(Ge Si)O3 solid solution phase. The formation
of lithium indium silicate phase may be related to the reaction
between lithium Ge-disilicate ss and indium oxide as  follows:

3Li2(Ge Si)2O5 + In2O3 → 2Li2(Ge Si)O3 + 2LiInSi2O6 (5)
Lithium indium silicate-LiInSi2O6 phase is  one of many

mineral phases related to the pyroxene family. Pyroxene glass-
ceramics have materials of great interest because of the
exceptional controllability of their properties. The crystals
structure of these materials is able to accept a wide range
of isomorphous replacement having superior physical and
chemical features, and may produce the  origin for fabrica-
tion of many glass-ceramic materials [32].  Thus, pyroxenes
offer a  fairly wide and flexible group of materials for physical
investigations.

The XRD (Fig. 2,  Pattern VI) revealed that, introducing
0.1 mol  of CeO2 (LGc) into GeO2-containing glass, thermally
treated at 485 ◦C/5 h and then at 615 ◦C/10 h, led to the develop-
ment of lithium disilicate-Li2Si2O5 as the main phase together
with crystallization of lithium germinate-Li6Ge8O19 (PDF, card
No.18-0730) and cerium oxide-CeO2 (PDF, card No.43-1002)
phases. Previous works [33,34] reported that, cerium oxide
could be introduced in silicate glasses as nucleating agents for
accelerating the crystallization process of developed products.
It seems therefore that, the CeO2 crystals were precipitated in
the treated samples, at the first stage, and these precipitations
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Fig. 3 – The SEM micrographs of the glass-ceramic samples for LS: (a), LG (b), LGy (c), LGl (d), LGn (e) and LGc (f).

probably remained from glass melting and served as  nucleat-
ing centers in GeO2-containing glass and promoted the crys-
tallization of lithium germinate-Li6Ge8O19 phase. In the sec-
ond stage, phase separation occurs and the droplets of CeO2

are crystallized (Fig. 2,  Pattern VI and Table 2). Cerium doped
glass-ceramics have exposed importance both academically
and technologically due to their superiority in combining the
optical, mechanical and electrical properties [35]. As a  result
of the exceptional properties, doped ceria systems have wide
range of applications [36] in many areas such as catalysis [37],
biomedical [38],  nanomedicine, and nanobiology [39],  as  well
in solid oxide fuel cells (SOFCs) as a new type of electrolyte [40].

Scanning electron micrograph (SEM) of the fractured sur-
face of the glass-ceramic samples was inspected in  Fig. 3. It
showed the morphology of LS parent glass with modifying
glass LG and classified the  effect of adding different oxides
on the microstructure of the glass-ceramics. As shown in
the SEM-micrographs, the crystallized parent glass LS showed
volume crystallization of oriented rod-like elongated crystals
(Fig. 3a). Replacement of SiO2 by 5 mol% GeO2,  i.e. LG, led to
growth fine crystals in-between lithium disilicate elongated
crystals (Fig. 3b). The microstructures of the crystalline sam-
ples were significantly different depending on the respective
composition and crystalline phases accumulate as well the
applied heat treatment process [1]. So, the addition of 0.1 mol
of different dopant oxides in  GeO2-containing glass plays a

key role in the modification of the  developed microstructure.
In the Y2O3-containing glass-ceramic, i.e. LGy, a  botryoidal-
like growth with tiny aggregated microstructures were formed
in the crystalline sample (Fig. 3c). In the presence of La2O3,
the morphology of crystalline sample LGl appears to grow as
network-like growths (Fig. 3d). The addition of In2O3 in the
GeO2-containing glass, i.e. LGn, led to formation of a volume
of a  very fine grained microstructure which differs notably
from those of all other samples (Fig. 3e).  On the other hand,
the SEM micrograph of the crystalline specimen containing-
CeO2 (LGc) showed that a  volume of crystallization of ultra-fine
fibrous-like growth forms was developed (Fig. 3f). Lu Pengxian
et  al. [41] reported that, the doping of CeO2 in  the structure
of perovskite ceramics led to a  compact microstructure and
a  decrease in the crystal size. Therefore, CeO2 can suppress
the grained growth and support the densification of the glass-
ceramics.

Mechanical  and  chemical  characterization

The examined properties for the studied glass-ceramics are
presented in Table 2. The density of glass-ceramic is  a  supe-
rior device able to  explore the  modification in its structure.
It is  affected by a  competition between the viscosity of the
melt and its degree of crystallization [42]. Fig. 4 shows the bulk
density of the examined crystalline samples depending on the
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composition and type of crystalline phases formed. The den-
sity values of  the investigated glass-ceramics are in the range
of 2.38–3.14 g/cm3. The result revealed that the GeO2/SiO2

replacement in lithium disilicate glass-ceramic increased the
density value of the prepared crystalline sample from 2.38
to 2.45 g/cm3. This may result from the effect of GeO2 on
improving the crystallization process of the glass [19]. Thus the
GeO2-containing glass samples were crystallized easier than
those free of it.  The results revealed that, the incorporating
any of the different dopant oxides, Y2O3, La2O3, In2O3 or CeO2

into the GeO2-containing sample led to increasing the bulk
density values of the investigated glass-ceramics (Fig.  4  and
Table 2). This may  be interpreted as; the incorporation of dif-
ferent dopants in the crystalline sample led to the formation
of more  dense microstructures (Fig. 3) and to the compact-
ness glass-ceramic structures thus decreased the volume of
the material and increased its density [43].

The mechanical properties of glass-ceramics depended
on the composition of crystalline phases formed and the
growing microstructure [44]. Vickers microhardness of the pre-
pared crystalline materials were examined and represented
in Fig. 5 as well as  in  Table 2. Hardness is one important
property of silicate glass–ceramics, which is related to  the
degree and amount of crystalline phases formed, their grain
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Fig. 6 – Chemical durability of the crystallized glasses in

acidic media.

microstructure in addition to the oxides remained in the resid-
ual glass phase [45].  The Vickers micro-hardness measured for
the studied lithium di-silicate glass-ceramics was found to be
in the  range of 4150–5580 MPa  (4.15–5.58 GPa) which was in the
ranged with those reported by different authors [46–48]. The
obtained results show that the parent crystalline sample i.e.
LS, has  the lowest microhardness value of around 4150 MPa.
Whereas, substitution of SiO2 by GeO2 in  the parent glass, i.e.
LG, led to  increasing the hardness value to  4455 MPa  in  sim-
ilar crystalline phases obtained, the morphology of the fine
crystals grows to form relatively finer crystalline grain [49].
Likewise, the integration of different rare earth oxides as Y2O3,
La2O3 or CeO2 as well In2O3 in the glasses led to a significant
increase in the microhardness values for the corresponding
glass-ceramic samples. This may  be explained by the fact that
the mechanical properties of glass-ceramics can be improved
by the  rare elements doping due to their effects on the resul-
tant morphological features [13].  Therefore, all doping oxides
support the densification of finer microstructure (Fig. 3) in the
investigated glass-ceramics.

The chemical durability of glass-ceramics generally
depends on the content as well as  the  type of the crystalline
phases formed, grain microstructure and residual glassy
matrix [50]. The prepared glass–ceramics containing low alkali
concentrations should possess much higher chemical dura-
bility especially at higher temperatures and higher humidity
than glass–ceramics containing high alkali concentrations.
The chemical stability test was carried out by measuring the
weight loss percent on the prepared glass-ceramic specimens.
The obtained data are given in Table 2  and graphically repre-
sented in Fig. 6. Treatment of the investigated samples by 0.1 M
HCl solution as an attacking agent, at a  temperature of 95 ◦C for
1 hour, revealed that the parent glass-ceramic, i.e. LS, showed
the highest leaching values of the investigated glass-ceramics
(Fig. 6 and Table 2). This may  be attributed to the formation
of less durable lithium disilicate-Li2Si2O5 as the  only crystal-
lized phase. Lithium meta- and disilicates are  decomposed by
the acidic solution [49].  The obtained data indicated that the
leaching value was decreased by the addition of GeO2 at the
expense of SiO2 in the parent crystalline sample, i.e. LG (Fig. 2,
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and Table 2). It is worth noting that the accommodation of
GeO2 in lithium disilicate structure to give solid solution series
improve the chemical stability of the resultant glass-ceramic
[51]. The present results indicated that GeO2-containing glass
doping with 0.1 mol  Y2O3, i.e. LGy, was more  durable than
that of the sample free of yttrium oxide (Fig. 2,  and Table 2).
This may be attributed to the crystallization of relatively more
durable di-yttrium disilicate-Y2Si2O7 phase among the crys-
talline phases. With respect to the  effect of adding La2O3 to the
GeO2-containing glasses, it was found that the development
of  relatively durable lanthanum disilicate-La2Si2O7 phase led
to better chemical stability of the glass-ceramic sample LGl,
than that of crystalline LG sample (free of La2O3). The addi-
tion of In2O3 in the investigated LG glass greatly decreases
the leachability of the corresponding crystalline sample (e.g.
LGn), i.e. the chemical durability was highly improved. This
may be due to the crystallization of the  most durable LiInSi2O6

phase of pyroxene family [52] among the crystallization prod-
ucts of the material. According to Fig. 6  and Table 2, it was
noted that, the leaching values of GeO2-containing glass dop-
ing with CeO2,  sample LGc, were greatly lower than those of
the LG sample (free of CeO2). This may  be due to the forma-
tion of fine and dense microstructure glass-ceramics without
pores which may  provide it with better chemical stability as
compared with that of porous materials [1].

Conclusion

Glass-ceramic materials based on the 33.60Li2O–66.40SiO2

composition of lithium disilicate-Li2Si2O5 formula modified
by partial GeO2/SiO2 replacement (5 mol%) were investigated.
Also, the glass–ceramics containing Y2O3, La2O3 or CeO2 rare
earth oxides as well In2O3 were successfully prepared and
characterized. Varieties of crystalline phases were detected
in the developed glass-ceramics through the heat treatment
process including lithium di- and meta-silicate solid solutions
with GeO2 [Li2(Ge,Si)2O5 and Li2(Ge,Si)O3],  lithium disilicate,
di-yttrium disilicate, lanthanum disilicate, lithium indium
silicate of pyroxene family, lithium germanate, and cerium
dioxide phases. The density of glass–ceramics ranged from
2.38 to 3.14 g/cm3 while the microhardness ranged between
4150 and 5585 MPa.  In addition, the weight loss  percent toward
acid attack varied from 0.98 to 2.05 values. The chemical and
mechanical properties as well as density of the obtained glass-
ceramics were affected by the modification processes. The
existence of different rare earth oxides as well as  In2O3 led
to a remarkable improvement in the glass–ceramics durability
and mostly enhanced the  mechanical strength of the investi-
gated materials. The obtained materials with such properties
are promising for different applications as a  new type of elec-
trolyte in solid oxide fuel cells (SOFCs), catalytic converters, or
biomedical, as  well as  dental restorative applications.

r  e f  e  r e  n  c  e  s

[1] W.  Holand, G.H. Beall, Glass-Ceramic Technology, The
American Ceramics Society, Westerville, OH, 2012.

[2]  G.H. Beall, Design and properties of glass-ceramics, Ann Rev
Mater Sci 22  (1992) 119–191.

[3]  S.D. Stookey, Catalyzed crystallization of glass in theory and
practice, Ind Eng Chem 51 (1959) 805–808.

[4]  P.F. James, Kinetics of crystal nucleation in silicate glasses, J
Non-Cryst Solids 73 (1985) 517–540.

[5]  C.S. Ray, D.E. Day, W.  Huang, K.L. Narayan, T.S. Cull, K.F.
Kelton, Non-isothermal calorimetric studies of the
crystallization of lithium disilicate glass, J  Non-Cryst Solids
204 (1996) 1–12.

[6]  E.D. Zanotto, Metastable phases in lithium disilicate glasses,
J  Non-Cryst Solids 219 (1997) 42–48.

[7]  Y. Iqbal, W.E. Lee, D. Holland, P.F. James, Metastable phase
formation in the  early stage crystallisation of lithium
disilicate glass, J  Non-Cryst Solids 224 (1998) 1–16.

[8]  P.  Goharian, A.  Nemati, M. Shabanian, A.  Afshar, Properties,
crystallization mechanism and microstructure of lithium
disilicate glass-ceramic, J Non-Cryst Solids 356 (2010)
208–214.

[9]  A. Gaddam, H.R. Fernandes, D.U. Tulyaganov, M.J. Ribeiro,
J.M.F. Ferreira, The roles of P2O5 and SiO2/Li2O ratio on the
network structure and crystallization kinetics of
non-stoichiometric lithium disilicate based glasses, J
Non-Cryst Solids 481 (2018) 512–521.

[10] H.R. Fernandes, D.U. Tulyaganov, M.J. Pascual, J.M.F. Ferreira,
Structure–property relationships and
densification-crystallization behaviours of simplified lithium
disilicate glass compositions, Ceram Int 40 (2014) 129–
140.

[11] R.S. Soares, R.C.C. Monteiro, M.M.R.A. Lima, R.J.C. Silva,
Crystallization of lithium disilicate-based multicomponent
glasses – effect of silica/lithia ratio, Ceram Int 41 (2015)
317–324.

[12] S.  Deming, Z. Zhigang, L. Changxia, Z. Qi-bu, H. Dong,
Xiaoyang Lu, Mechanical properties of Al2O3/Cr3C*/(W,Ti)C
ceramic composites with Y2O3 addition, J  Rare Earths 23
(2005)  137–140.

[13] M. Baichun, S. Xudong, Effect of rare earths on sintering
temperature, microstructure and mechanical properties of
Al2O3 ceramics, J Rare Earths 20 (2002) 104.

[14] S.  Qingchi, L.  Cuimin, Z. Hua, Effect of CeO2 doping on the
structure and properties of PSN-PZN-PMS-PZT piezoelectric
ceramics, Rare Met 24 (3)  (2005) 235.

[15] J. Anjaiah, C. Laxmikanth, P. Kistaiah, N. Veeraiah,
Dosimetric and kinetic parameters of lithium cadmium
borate glasses doped with rare earth ions, J Radiat Res Appl
Sci 7 (2014) 519–525.

[16] A. Makimishima, T. Shimoira, Alkaline durability of high
elastic modulus alumino-silicate glasses containing Y2O3,
La2O3 and TiO2, J Non-Cryst Solids 38–39  (1980) 661–666.

[17] F.  Branda, A. Costantini, G. Luciani, G. Laudisio, The role of
trivalent element oxides in CaO (Na2O)-M2O3-SiO2 glasses
from Tg, J Therm Anal Calorim 64 (2001) 1017–1024.

[18] Y. Nishimoto, A. Okita, M. Yasuda, A. Baba, Synthesis of a
wide range of thioethers by indium triiodide catalyzed direct
coupling between alkyl acetates and thiosilanes, Org  Lett 14
(2012)  1846–1849.

[19] P.  Ramesh Babu, R. Vijay, V. Ravi Kumar, D.  Krishna Rao, N.
Veeraiah, The influence of In2O3 on electrical characteristics
of iron mixed Li2O-PbO-B2O3-SiO2-Bi2O3 multi-component
glass  system, Ceram Int 40  (2014) 8311–8322.

[20] N. Samia, S.M. Salman, Chemical stability of some
manganese glass-ceramics, Mater Chem Phys 37  (1994)
338–343.

[21] E. Strukelj, M. Comte, M. Roskosz, P. Richet, Effect of
zirconium on the structure and congruent crystallization of
a  super cooled calcium aluminosilicate melt, J Am Ceram
Soc 98  (2015) 1942–1950.

http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0265
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0270
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0275
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0280
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0285
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0290
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0295
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0300
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0305
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0310
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0315
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0320
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0325
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0330
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0335
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0340
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0345
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0350
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0355
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0360
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0365


102  b  o  l  e t  í  n d e l a s o c i  e  d a d  e  s p a ñ o l  a d  e c  e r á m i  c a y v i d r  i  o 5 8 (2 0  1 9) 94–102

[22] M. Garai, B. Karmakar, Rare earth ion controlled
crystallization of mica glass-ceramics, J  Alloys Compd 678
(2016)  360–369.

[23] A. Margaryan, M.A. Piliavin, Germanate Glasses: Structure,
Spectroscopy and Properties, Artech House Inc., Boston
London, 1993.

[24] N.H. Ray, Composition property relationships in inorganic
oxide glasses, J  Non-Cryst Solids 15 (1974) 423–434.

[25] F. Branda, F. Arcobello-Varlese, A.  Costantini, G.  Luciani, Tg
and FTIR of (2.5x)CaO.x/3M2O3·2SiO2 (M = Y, La,  In,  Al Ga)
glasses, J Non-Cryst Solids 246 (1999) 27–33.

[26] V.A. Kolesova, A.M. Kalinina, Physics and Chemistry of
Glasses, USSR, 1975.

[27] S.M. Salman, S.N. Salama, A.  Ebrahim, Mahdy, The
crystallization process and chemical durability of
glass-ceramics based on the  Li2O–B2O3(Fe2O3)–SiO2(GeO2)
system, Ceram Int 39  (2013) 7185–7192.

[28] S.M. Salman, S.N. Salama, E.A. Mahdy, The role of GeO2 and
In2O3 in the  glass-ceramic formation and microstructure of
lithium alumino-silicate glasses, Silicon 5 (2013) 161–169.

[29] T.F. Barth, Theoretical Petrology, 2nd ed., Wiley, NY, 1962.
[30] I. Hasdemire, R. Bruckner, J.  Deubener, Crystallisation of

lithium di- and metasilicate solid solutions from Li2O–SiO2

glasses, Phys Chem Glasses 39 (1998) 253–257.
[31] P.J. Born, D.S. Robertson, P.C. Smith, A study of phosphors in

the yttrium oxide-silicon dioxide phase system, J  Mater Sci
Lett 4 (1985) 497–501.

[32] R.M. Thompson, R.T. Downs, G.J. Redhammer, Model
pyroxenes III: volume of C2/c pyroxenes at mantle P, T, and X,
Am Miner 90  (2005) 1840–1851.

[33] W. Holand, M. Frank, V. Rheinberger, Surface crystallization
of leucite in glasses, J  Non-Cryst Solids 180 (1995) 292.

[34] A.M. Hu, K.M. Liang, F. Zhou, G.L. Wang, F. Peng, Phase
transformations of Li2O-Al2O3-SiO2 glasses with CeO2

addition, Ceram Int 31 (2005) 11–14.
[35] A. Mekki, X-ray photoelectron spectroscopy of

CeO2-Na2O-SiO2 glass, J  Electron Spectrosc Relat Phenom 142
(2005)  75–81.

[36] Y. Ma, W. Gao, Z. Zhang, S.  Zhang, Z. Tian, Y. Liu, J.C. Ho, Y.
Qu,  Regulating the  surface of nanoceria and its applications
in  heterogeneous catalysis, Surf Sci Rep 73  (2018) 1–36.

[37] A. Trovarelli, C. de Leitenburg, M.  Boaro, G. Dolcetti, The
utilization of ceria in industrial catalysis, Catal Today 50
(1999) 353–367.

[38] C. Walkey, S.  Das, S. Seal, J. Erlichman, K. Heckman, L.
Ghibelli,  E. Traversa, J.F. McGinnis, W.T. Self, Catalytic
properties and biomedical applications of cerium oxide
nanoparticles, Environ Sci Nano 2 (2015) 33–53.

[39] S.  Das, J.M. Dowding, K.E. Klump, J.F. McGinnis, W. Self, S.
Seal,  Cerium oxide nanoparticles: applications and prospects
in nanomedicine, Nanomedicine 8 (2013) 1483–1508.

[40] P. Li,  L.  Fang, N.  Hou, J. Li,  X. Yao, T. Gan, L. Fan, Y. Zhao, Y. Li,
Improved performance of Ni-Mo based anode for direct
methanol solid oxide fuel cells with the  addition of rare
earth  oxides, J Electrochem Soc 164 (2017) 1142–1148.

[41] L.  Pengxian, Z. Wenjun, H. Yonggai, M. Qiuhua, W. Chunhua,
Effects of CeO2 addition on microstructure and mechanical
properties of PNW-PMN-PZT piezoelectric ceramics, J Rare
Earths 25 (2007) 176–180.

[42] L.  Xia, G.W.  Wen,  C.L. Qin, X.Y. Wang, L. Song, Mechanical
and thermal expansion properties of ß-eucryptite prepared
by  sol–gel methods and hot pressing, Mater Des 32  (2011)
2526–2531.

[43] A.R. Boccaccini, W.  Stumpfe, D.M.R. Taplin, C.B. Ponton,
Densification and crystallization of glass powder compacts
during constant heating rate sintering, Mater Sci Eng A 219
(1996) 26–31.

[44] H.J.  Conrad, W.J. Seong, I.J. Pesun, Current ceramic materials
and systems with clinical recommendations: a  systematic
review, J Prosthet Dent 98 (2007) 389–404.

[45] Z. Luo, A. Lu, X. Hu, W.  Liu, Effects of nitrogen on phase
formation, microstructure and mechanical properties of
Y–Ca–Si–Al–O–N oxynitride glass–ceramics, J  Non-Cryst
Solids 368 (2013) 79–85.

[46] M. Albakry, M. Guazzato, M.V. Swain, Fracture toughness and
hardness evaluation of three pressable all-ceramic dental
materials, J  Dent 31  (2003) 181–188.

[47] D.U. Tulyaganov, S.  Agathopoulos, I.  Kansal, P.  Valerio, M.J.
Ribeiro, J.M.F. Ferreira, Synthesis and properties of lithium
disilicate glass-ceramics in the system SiO2-Al2O3-K2O-Li2O,
Ceram Int 35 (2009) 3013–3019.

[48] S.E.  Elsakaa, A.M. Elnaghy, Mechanical properties of zirconia
reinforcedlithium silicate glass-ceramic, Dent Mater 32
(2016) 908–914.

[49] P.W.  McMillan, Glass-Ceramics, Academic Press, London, NY,
1979.

[50] E. Demirkesen, G. Goller, Effect of Al2O3 additions on the  acid
durability of a Li2O-ZnO-SiO2 glass and its glass-ceramic,
Ceram Int 29 (2003) 463–469.

[51] S.N. Salama, Glass-ceramics containing some varieties of
Mn-solid solution phases, Mater Chem Phys 28 (1991)
237.

[52] W.A.  Deer, R.A. Howie, A. Zussman, An Introduction to the
Rock Forming Minerals, 3rd ELBS impression, Printing Press
Ltd., Hong Kong, 1992.

http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0370
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0375
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0380
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0385
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0390
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0395
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0400
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0405
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0410
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0415
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0420
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0425
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0430
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0435
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0440
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0445
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0450
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0455
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0460
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0465
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0470
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0475
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0480
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0485
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0490
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0495
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0500
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0505
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0510
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0515
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520
http://refhub.elsevier.com/S0366-3175(18)30066-9/sbref0520

	Crystallization characteristics and properties of lithium germanosilicate glass-ceramics doped with some rare earth oxides
	Introduction
	Experimental
	Glass batch preparation and melting
	Characterization techniques
	Differential thermal analysis (DTA) and heat-treatment process
	X-ray powder diffraction (XRD).
	Scanning electron microscope (SEM)
	Measurement of density (ρ)
	Vicker microhardness
	The chemical durability test


	Results and discussion
	Crystallization characteristics
	Mechanical and chemical characterization

	Conclusion
	References


