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Scanning  electrochemical  microscopy  (SECM)  and  scanning  vibrating  electrode  technique  (SVET)  were
used  to  investigate  the electrochemical  behaviour  of  the  top surface  of  the  2098-T351  alloy  welded  by
friction  stir  welding  (FSW).  The  SVET  technique  was  efficient  in  identifying  the  cathodic  and  anodic  weld
regions.  The  welding  joint  (WJ),  which  comprises  the thermomechanically  affected  zone  (TMAZ)  and
the  stir zone  (SZ),  was  cathodic  relative  to the  heated  affected  zone  (HAZ)  and  the  base  metal  (BM).  The
eywords:
luminum alloys
riction stir welding
ocalized corrosion

reactivities  of  the  welding  joint  at  the  advancing  side  (AS)  and  the  retreating  side  (RS)  were  analyzed
and  compared  using  SECM  technique  in  the  competition  mode  by monitoring  the  dissolved  oxygen  as  a
redox  mediator  in 0.005  mol  L−1 NaCl  solution.  The  RS was more  electrochemically  active  than  the AS,
and  these  results  were  correlated  with  the  microstructural  features  of  the  welded  alloy.

©  2020  Published  by Elsevier  Ltd  on  behalf  of The editorial  office  of  Journal  of  Materials  Science  &
Technology.
. Introduction

Friction stir welding (FSW) was developed in the 90s’ as an
lternative to conventional methods for welding alloys of low weld-
bility. This process is characterized by the joining of materials
ithout melting. The heat is generated from the friction caused by

he relative movement of the tool against the material to be welded.
he traverse and rotational movements of the tool create an asym-
etric joint, since the velocities of two symmetrical points on the

dvancing side (AS) and retreating side (RS) are different. Since the
eat transfer and material flow on both sides of the weld are dis-
imilar, the two sides of the joint present different microstructural
eatures. The material transport occurs from the RS to the AS. In
he AS, the directions of tool rotation and traverse motion are the
ame, whereas in the RS they are in opposite directions [1–4]. Due to
he different thermal cycles and the deformation experienced dur-

ng the process, different welding zones are generated. In the stir
one (SZ), the high temperatures reached during the FSW process
ause dynamic recrystallization to occur. This zone is characterized

∗ Corresponding author.
E-mail address: marianamilagre@yahoo.com.br (M.X. Milagre).

ttps://doi.org/10.1016/j.jmst.2019.11.016
005-0302/© 2020 Published by Elsevier Ltd on behalf of The editorial office of Journal of
by equiaxed grain shapes and phase dissolution. In the thermome-
chanically affected zone (TMAZ), the grains are deformed due to
the tool movement and the high temperatures reached, and dis-
solution of strengthening phases occurs [4,5]. In the heat-affected
zone (HAZ), however, the temperatures reached are not sufficient
for the total dissolution of strengthening phases. Thus, this zone
is characterized by partial phase dissolution and coarsening. The
shapes and sizes of the grains are the same as those of the base
metal (BM).

Some authors have reported differences in the corrosion resis-
tance of the AS and the RS. According to Deng et al. [6], the AS
is the most susceptible to stress corrosion cracking (SCC). Dudzik
[7], in his study of a welded 7020 Al-alloy, reported that for the
FSW parameters used, the AS presented higher corrosion resistance
than the RS. Most recently, Queiroz et al. [8] showed that the FSW
process caused unequal distribution and clustering of the coarse
intermetallic particles across the welding zones of a similar 2024-
T3 welding joint. They also observed that these clusters were more
abundant in the TMAZ of the RS, resulting in high localized corro-

sion susceptibility of this zone. However, reports on the asymmetry
effects of the FSW process on the corrosion behaviour of Al-Cu-Li
alloys are still scarce.
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The Al-Cu-Li alloys are advanced materials designed for the air-
raft industry. The addition of Li in these materials increases the
echanical resistance of the alloy and reduces its density. Therefore

he application of these materials in aircraft structures is of interest
n terms of the reduction of fuel consumption [9–12]. The corro-
ion behaviour of the Al-Cu-Li alloys has been reported [13–18].
achado et al. [15] correlated different types of localized corro-

ion in the friction stir welding (FSW) zones of the 2198-T8 alloy
ith the variation in microstructure when the alloy is subjected

o corrosion test in a hydrogen peroxide-chloride environment.
he corrosion modes were correlated with T1 phase distribution
long the weldment. According to the authors, galvanic coupling
ffects were pronounced since the SZ was not attacked when tested
n the coupled state but it was strongly attacked when exposed
eparately. Corral et al. [18] showed that the 2195 FSW zone and
M behaved similarly, having nearly the same currents and cor-
osion potentials. In a recent study, Donatus et al. [13] correlated
he corrosion resistance, anodic hydrogen evolution and micro-
ardness, that is related to T1 phase content, in the friction stir
eldment of 2198-T851 alloy. In this case, the results revealed

hat the BM is the region most susceptible to corrosion, unlike
ther 3rd generation Al-Cu-Li alloys where the welding regions are
he most vulnerable to corrosion. Moreover, a strong correlation
etween microhardness, corrosion resistance and anodic hydro-
en evolution during dissolution was also observed by the authors,
ince they are all dependent on the volume fraction of T1 phase
cross the friction stir weldment of the alloy. Finally, Ma  et al.

19] showed that friction stir welding parameters, such as rota-
ion speed and the welding speed, affect the Al-Cu-Li alloy 2198

icrostructure. Consequently, the corrosion behavior can be mod-
fied by welding. Due to the complex microstructure of Al-Cu-Li

ig. 1. Optical macrographs of the surface of the friction stir weldment of the 2098-T351 

f  the weldment. TMAZ is the thermomechanical affected zone, HAZ is the heated affecte
MAZ.
nce & Technology 45 (2020) 162–175 163

alloys and the effects of the welding parameters, each FSW process
is unique.

The 2098-T351 is a 3rd generation Al-Cu-Li alloy, which was
developed as a substitute for the conventional 2XXX series alloys
[20–23]. This type of alloy present different types of phases, which
has been reported in several other studies [4,24,25]. Salem and
Lyons [24] and De et al. [25] identified the presence of �’ (Al3Zr), �’
(Al3Li) and T1 (Al2CuLi) phases in this kind of alloys. More recently,
in one of our previous works, the phases present in the 2098-T351
alloy welded by FSW were identified [4]. Besides the T1, �’ and �’
phases, the � (Al2Cu) and �’ (Al2Cu), were also identified in the
BM.  However, the morphology and amount of these phases were
modified by the FSW process. The T1 phase content was reduced
in the welding zones. This phase was also coarser and smaller
in these zones than in the BM.  The �’ content increased in the
welding zones and GP-zones were found in these regions. On the
other hand, the �’ content was  significant only in the BM.  All these
modifications can affect the corrosion behaviour of the welded
alloy in relation to the BM.  Limited reports about the corrosion
behaviour of the 2098 Al-Cu-Li alloy were found in the literature
[23,26,27]. Moreover, investigations related to the effects of FSW
on the corrosion susceptibility of the 2098 Al-Cu-Li alloy are scarce.

There are a few reports on the use of local electrochemical tech-
niques for the electrochemical characterization of Al-Cu-Li alloys
[23,27,28]. Al-Cu-Li alloys are highly susceptible to localized cor-
rosion [13,29,30]. This is characterized by non-uniform current
densities and variations in the distribution of electrochemically

active species [28]. In this regard, scanning probe techniques are
suitable for this kind of study [31–33], particularly in the study of
welded Al-alloys. Bertoncello et al. [34] used the scanning vibrat-
ing electrode technique (SVET) to study the corrosion behaviour

alloy showing the welding zones at the retreating side (RS) and advancing side (AS)
d zone and WJ  is the welding joint which corresponds to the stir zone (SZ) and the
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ig. 2. Schematic diagram of the 2098-T351 alloy welded by FSW showing the
egions (red rectangles) analyzed by SVET.

f friction stir lap weld of 7050/AA2024 alloys. Using this tech-
ique, the authors showed galvanic coupling effects resulting from

he joining of the two alloys. Galvanic coupling effects were also
ound by De Abreu et al. [35] in their study of dissimilar alloys of
024 and 7475 alloys welded by FSW using local electrochemical

mpedance spectroscopy (LEIS). Donatus et al. [13] also used SVET

Fig. 3. Optical images of the surface of the 2098-T351 alloy welded by F
nce & Technology 45 (2020) 162–175

measurements to establish a correlation between corrosion resis-
tance, anodic hydrogen evolution and T1 phase for the 2198-T851
welded alloy.

Scanning electrochemical microscopy (SECM) is a powerful
technique for the investigation of localized corrosion processes
[36,37]. The technique presents the advantages of obtaining in-situ
topographic and electrochemical reactivity information on the sur-
faces exposed to aqueous solutions [31]. However, this technique
has been rarely used for the study of the electrochemical activities
of different zones affected by welding [38]. One of the few works
is that of Sidane et al. [38] who used SECM and LEIS to investigate
the local electrochemical behaviour of the interface in the welded
zones of the dissimilar 2050-T8 and 7449-T79 alloys welded by
FSW. According to the authors, SECM was  useful for evaluating the
electrochemical kinetics of the passive layer in the different zones
of the welded alloy.

In this work, the galvanic and asymmetry effects of the FSW
process on the microstructure of the 2098-T351 was  investigated
and correlated with the electrochemical behaviour of each side

of the welded joint using conventional and local electrochemical
techniques in a chloride solution. To our knowledge, the effects of
asymmetry generated by the FSW process on the corrosion resis-
tance of Al-Cu-Li alloys have not yet been reported.

SW after various immersion times in 0.005 mol L−1 NaCl solution.
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. Materials and methods

.1. Material

3 mm thick plates of the 2098-T351 alloy (3.4 wt% Cu, 1 wt% Li,
.3 wt% Mg,  0.3 wt% Ag, 0.4 wt% Zr, 0.04 wt% Fe, 0.05 wt% Si, 0.02 wt%
n, 0.003 wt% Mn)  were used in this work. The FSW process was
erformed using a rotation speed of 700 rpm, a transverse speed of
00 mm/min  and a load in the range of 8–15 kN. An H13 steel tool
ith a 16 mm diameter shoulder and an adjustable pin, 3.2 mm

n length in accordance with the plate thickness, was  used. More
etails about the welding procedure are provided in our previous
ork [4]. All tests in this work were carried out on the top surface

f the weldment. Fig. 1 shows the welded plate and the dimensions
f the welding zones.

.2. Microstructural characterization

Samples of the welded 2098-T351 were ground and polished
sing silicon carbide papers (#800, #1200 and #4000 grit sizes)
nd diamond pastes (3 �m and 1 �m).  Optical microscopy was
sed to characterize the top surface of the weldment after etch-

ng the samples in a solution composed of 2% HF and 25% HNO3.
canning electron microscopy (SEM) images were acquired using a
itachi TM 3000 microscope with an incident beam of 15 kV. Sam-
les were prepared for transmission electron microscopy (TEM) by
sing discs of 3.0 mm which were punched from mechanically pol-

shed samples and electropolished at 20 V in a solution of nitric
cid (30%) in methanol. TEM samples were prepared using TenuPol
lectropolishing equipment. TEM imaging was carried out in JEOL
100 microscope operating at 200 kV. Microhardness measure-
ents were used to correlate the microstructural modifications on

oth sides of the weldment with the electrochemical results using
 Knoop/Vickers Tukon 1202 Wilson Hardness tester. Microhard-
ess measurements were obtained at the surface of the sample in
teps of 0.2 mm using a load of 200 gf for 10 s. Images of the cor-
oded samples were also obtained using a 3D profilometer ZYGO’s
eGageTM.

.3. Immersion test

The surfaces of the prepared samples were immersed in nat-
rally aerated 0.005 mol  L−1 NaCl solution. The samples were
emoved, rinsed and dried after different times of immersion for
urface observation at selected intervals until 24 h. The immer-
ion tests were carried out at room temperature (22 ± 2 ◦C). The
xposed surfaces of the samples were observed by SEM and optical
icroscopy.

.4. Gel visualization test

The anodic and cathodic zones in the weldment were evaluated
sing a gel visualization test. The gel was prepared by adding 3 g
f agar-agar and 7 mL  of universal indicator to 100 mL of a boil-
ng 0.7 mol  L−1 NaCl solution [35,39]. The surfaces exposed to the
el were sequentially polished up to 1 �m.  The other regions of
he samples’ surface were protected using varnish coating. Sub-
equently, the gel was poured on the polished surfaces and the
urfaces were monitored for 4 h.

.5. Surface characterization
The chemical composition of the surfaces of the samples was
nalyzed by X-ray photoelectron spectroscopy (XPS) using a Ther-
oFisher Scientific spectrometer, model K-alpha+. The beam was

roduced by a monochromatic AlK� radiation source. The spot size
nce & Technology 45 (2020) 162–175 165

was 400 �m and the analysis chamber pressure was approxi-
mately 10−7 Pa. Survey XPS spectra of the welded samples were
obtained from the welding joint (WJ), before and after immersion
in 0.005 mol  L-1 NaCl solution for 24 h.

2.6. Open circuit potential measurements

The open-circuit potential of the samples was  monitored as a
function of time using Ag/AgClKCl(sat) as a reference electrode. The
exposed surface of the working electrode was  0.25 cm2, and the
electrolyte was 0.005 mol  L−1 NaCl solution. The welding zones
were individually masked using beeswax and the delimitation of
the zones isolatedly tested was based on the microstructural char-
acterization. Open circuit potentials were measured every 2 for
24 h.

2.7. Scanning vibrating electrode technique (SVET)

An Applicable ElectronicsTM SVET machine with Automated
Scanning Electrode Technique (ASET) software was  employed for
the scanning vibrating electrode technique (SVET) tests. The probe
used was  a 15 �m diameter Pt-Ir probe with a vibrating ampli-
tude of 19 �m.  It was placed at (100 ± 3) �m above the surface. The
welded samples of the 2098-T351 alloy were used as the work-
ing electrode and they were embedded in epoxy resin for the
measurement procedure. The configuration of the samples for the
measurements is shown in Fig. 2. The electrolyte used for the SVET
tests was  0.005 mol  L−1 NaCl solution, and the test duration was
24 h. SVET maps were obtained for every 2 h. More details about
the SVET experiment are provided in previous work [28].

2.8. Scanning electrochemical microscopy (SECM)

Scanning electrochemical microscope produced by Sensolytics
GmbH Bochum, Germany was  used in a three-electrode con-
figuration. The tip was a 25 �m Pt disk. Pt was  used as the
auxiliary-electrode and an Ag/AgCl/KCl(sat) electrode as the refer-
ence electrode.

The calibration of the microelectrode, prior to the SECM mea-
surements, was  carried out by cyclic voltammetry (CV) in 0.1 mol
L−1 KCl solution with 0.005 mol  L−1 K4[Fe(CN)6]. A sigmoidal
shaped CV was obtained [40]. CV data provides the steady-state
diffusion-controlled limiting current (ilim). The tip potential during
calibration was  set at +0.40 V Ag/AgCl to perform the oxidation of
ferrocyanide to ferricyanide ions at the tip, Eq. (1):

Fe(CN)4−
6 ↔ Fe(CN)3−

6 + e− (1)

The redox species through which the tip–substrate interaction
is mediated can diffuse in or out of the tip/substrate gap. If there
is a diffusion of redox active species between the tip and sub-
strate, it can impact both spatial and temporal resolution. So the
tip/substrate separation distance should be minimized without an
occurence of contact between the tip and analysed surface [41]. The
limiting current (ilim) is a function of the microelectrode radius (a),
the concentration of the species (C), and its diffusion coefficient (D),
as shown by Eq. (2):

i lim = 4nFDCa (2)

In order to find the optimal tip working distance, z-approach
curves were obtained using the competition mode. In this mode, the
approach-curves obtained by oxygen reduction showed a reduction
in current when the tip approaches the surface since the sample is

consuming oxygen. The approach-curves provided information on
the distance at which it was  possible to observe the electrochem-
ical response of the surface. In this study, it was 20 �m above the
surface.
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The experiments were performed in 0.005 mol  L−1 NaCl solution
t room temperature and at the OCP of the sample. The competi-
ion mode of the SECM was used, and the reduction of oxygen in
he surface of the 2098-T351 alloy weldment was studied. In this

ode, the molecular oxygen content is monitored from its electro-
eduction at the tip at −0.70 V Ag/AgCl, Eq. (3), in aerated neutral
nd alkaline electrolytes. More details about this SECM operation
ode are provided in the literature [32,33,42].

2 + 2H2O + 4e−→4OH− (3)

. Results and discussion

.1. Galvanic coupling effects

Monitoring of the welded samples of the 2098-T351 alloy
mmersed in 0.005 mol  L−1 NaCl solution showed different evolu-
ion of corrosion features on the various welding zones, as shown
n Fig. 3. The differences between the welding joint (WJ), the HAZ

nd the BM were easily identified. Severe localized corrosion (SLC)
as observed in the HAZ and the BM;  whereas, in the WJ,  the corro-

ion attack was mainly associated with the micrometric particles
hich resulted in trenching and cavities. Although the develop-

ig. 4. Optical images in high magnification of the squared regions in Fig. 3 of the 2098
olution.
nce & Technology 45 (2020) 162–175

ment of SLC started immediately after immersion, differences in
corrosion features between the zones only became more evident
between 2 h and 4 h of the test. On the HAZ and the BM,  corro-
sion products deposition was localized, as indicated in Fig. 4(a) and
(e). On another hand, deposition of corrosion products was evenly
distributed on the surface of the WJ  and it increased with time, as
evident in Fig. 4(b–d). This behaviour is due to the galvanic coupling
between the HAZ and the WJ.

The WJ  (TMAZ and SZ) was  cathodic relative to the BM and the
HAZ and the dark colour observed in the WJ  could be related to
the alkalinization of the environment in contact with this region
which resulted in the chemical attack of the oxide film. The local pH
increase of solutions in contact with Al alloys has been previously
reported and associated with the micrometric particles which act
as local cathodes relative to the matrix [43,44]. Fig. 5 shows EDX
maps of the micrometric particles in the 2098-T351 alloy. These
are majorly composed of Al-Cu-Fe or Al-Cu, thus cathodic in rela-
tion to the matrix [28]. Moreover, as previously reported, the tool
movement breaks down the micrometric particles increasing the

surface area of the cathodic region on the WJ  joint. Fig. 6 shows
the differences between the distribution of the micrometric par-
ticles in the BM and the WJ.  In the BM,  the micrometric particles
are aligned with the deformation direction, while in the WJ,  the

-T351 alloy welded by FSW after various immersion times in 0.005 mol  L−1 NaCl
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Fig. 5. EDX analysis of the (a) Cu-rich and (b) Cu

icrometric particles are broken and randomly distributed. In our
revious work [4], modifications in the distribution and morphol-
gy of the nano-sized particles were observed. Fig. 7 shows TEM
mages from the different welding zones. As observed, T1 (Al2CuLi)
nd �’(Al3Li) phases are dominant in the BM and HAZ, whereas the
1 particles are rare in the WJ  where the �’(Al3Li) and � (Al2Cu)
re present. Li containing phases are anodic in relation to the Al-
atrix [13,15,28,45–47]. In the HAZ and BM,  the large number of

1 and �’ phases explain their anodic behaviour in relation to the
djacent zones. The temperatures reached in the HAZ during the
elding process (<380 ◦C) were lower in relation to those reached

n the WJ  (600–300 ◦C) [4]. The high temperatures reached during
he welding process, in addition to the mechanical effects of the
elding tool, promote the modifications in the microstructure of

he 2098-T351 alloy. T1 phase dissolution and the enrichment of
he matrix in Li and Cu favour potential differences between the
AZ/BM and the WJ.  The T1 phase is responsible for SLC sites in the
l-Cu-Li alloys [23,28,47]. Finally, the anodic currents associated
ith these sites are larger in relation to that related to trenching.
ecently, Araujo et al. [48] showed how thermomechanical treat-
ent affects the corrosion resistance of the 2198 Al-Cu-Li alloy
nd how the density of T1 phase lead to increased anodic currents
ssociated with the corrosion process. Thus, it is believed that the
ecrease in the amount of the T1 phase in the WJ  is responsible for
he macro-galvanic coupling between the BM/HAZ and the WJ.
ch micrometric particles in the 2098-T351 alloy.

Agar gel test has been employed effectively in the study of gal-
vanic coupling in welded Al alloys [35,39]. This test is efficient in
the identification of anodic and cathodic regions in welded samples
by pH modifications due to the change in colour to green (alkaline)
at the cathodic sites, and to red (acidic) at the anodic regions. In
this study, Fig. 8 shows the results obtained with the agar-agar
test when the weldment was analyzed in different coupling con-
figurations. From Fig. 8(a), when the HAZ and the WJ  zones are
galvanically coupled, the agar gel in contact with the WJ  shows an
increase in pH due to the preferential occurrence of cathodic reac-
tions on this zone. However, as shown in Fig. 8(b), when the WJ  is
analyzed separately, no significant differences between the TMAZ
and SZ are observed.

In neutral aerated solution, the main cathodic process is the oxy-
gen reduction reaction according to Eq. (3) [35], which lead to a
local alkalinization, whereas at the anodic areas, the main reaction
is shown by Eq. (4):

Al →Al3+ + 3e− (4)

Also, a global electron exchange, related to cation hydrolysis,

can be represented by Eq. (5):

Al3+ + H2O →AlOH2+ + H+ (5)
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Fig. 6. SEM micrographs showing the distribution and sizes of the microm

This promotes acidification of the region. As can be inferred
rom Figs. 3 and 4, metal dissolution and oxygen reduction occur
nitially in all zones of the weldment. However, as the corrosion
roceeds, the cathodic reactions became predominant in the WJ,
nd this was shown by the green colour in the agar gel in this
one. On the other hand, an orange colour developed in the agar
el above the HAZ and BM due to acidification resulting from the
ydrolysis reactions related to metal dissolution. The orange areas
ere mainly associated with SLC. In these sites, metal dissolu-

ion and hydrolysis occurred producing H+, and, consequently, a
ecrease in local pH. On the other hand, in the WJ,  production of
ydroxyl ions simulates the behaviour of aluminium alloys in alka-

ine solutions [43,44,49–52]. The increase in pH leads to increased
olubility of the aluminium oxide film and exposure of the bare
etal which is oxidized, making the mechanism of Al dissolution in

lkaline environment complex due to the competition with hydro-
en recombination, as shown by Eqs. (6–8) [51].

H2O + 2e−→H2 + 2OH− (6)

l + 3OH−→Al (OH)3 + 3e− (7)

l (OH)3 + OH−→Al(OH)−
4 (8)

According to Koroleva et al. [44], the alkalinization process
nvolves the chemical dissolution of the naturally formed alumina
lm over the surface of an aluminium alloy. Also, the cations of Al3+
enerated by oxidation at the alloy/alumina film interface migrate
cross the residual alumina film and get ejected into the solution.
urthermore, matrix oxidation results in the ejection of cations of
lloying elements into the solution, for example, Cu2+, Ag+, which
articles in the (a) welding joint and (b) base metal of the 2098-T351 alloy.

can redeposit at the cathodic sites providing further sites for the
continuity of the process.

Fig. 9 shows XPS results obtained for the polished and corroded
samples of the 2098-T351 alloy after 24 h of immersion in 0.005 mol
L−1 NaCl solution. The film of the corrosion products was enriched
in Ag and Cu, as observed when the spectra of the corroded sample
are compared with that of the polished sample. The higher Mg  con-
tent in the polished sample in relation to the corroded one is related
to the high activity of this element, which is rapidly dissolved dur-
ing the attack of the matrix. Peaks of Mg1s with binding energies
around 1303.9 eV are due to magnesium oxide [53]. The insolubility
of Mg  at high pH has been reported [51]. Binding energies between
932.2 eV and 953.2 eV indicate the presence of Cu-rich remnant par-
ticles in the alloy [54], Cu [55,56] and Cu oxide redeposition [57].
The Ag peaks are related to the presence of Ag oxide (374 eV) and
metallic Ago (368 eV) [58]. All these modifications in phase distri-
bution contribute to potential differences between the WJ  and the
HAZ or the BM.  Redeposition of elements on the cathodic sites in
alkaline environments has been reported [59]. Ag and Cu depo-
sition on the WJ  accelerates the corrosion process at the anodic
regions. Comparison of the tested welded samples with the BM,
as presented in Fig. 8(a, b) and (c), respectively, shows that while
cathodic and anodic regions were observed on the welded sam-
ples from the first minutes of the test, a longer period of time was
required to observe the anodic and cathodic areas on the BM.  Thus,
the welding process promotes electrochemical activity and, con-
sequently, pH modifications over the electrode surface. Enlarged

cathodic area related to the WJ  increased the aggressiveness of the
attack.

The potential differences between the welding zones and the
BM were confirmed by OCP measurements, as shown in Fig. 10.
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Fig. 7. TEM bright-field images showing nano-sized phases distributions in th

onitoring of the OCP with the time of immersion in 0.005 mol  L−1

aCl solution showed higher potentials for the WJ  in relation to
he HAZ and BM during the 24 h of immersion. According to Ked-
am et al. [60], OCP variations are related to changes in the surface
xide. The variation in the OCP values depends on the volume of
econd phases. The increase in the population of the cathodic par-
icles due to tool movement, as revealed in Fig. 6, and the decrease
n the anodic ones, in the WJ,  led to an increased rate of alu-

inium matrix dissolution. The decrease in OCP in the first hours
f immersion might be related to oxide film dissolution. The sub-
equent increase in OCP could be due to Cu and Ag enrichment at
he surface, as revealed by XPS measurements and, also, to corro-
ion product deposition at the exposed surface. Furthermore, the
CP measurements showed that the zones of the weldment with

ower potentials are the interfaces between the HAZ and WJ  in the
S and AS. In these regions, the galvanic coupling is efficient since

 region of higher amounts of T1 (anodic HAZ) was exposed to the
lectrolyte with a region of lower amounts of T1 phase (WJ).

One major criticism of the agar-gel test is related to the hin-
rance to free movement of ions in the gel environment. In order to
urther investigate the sites where the corrosion phenomena pre-
ominate, SVET tests were performed and the SVET maps obtained
fter 2 h and 24 h of immersion in 0.005 mol  L−1 NaCl solution are
hown in Figs. 11 and 12, respectively. The welding zones were

nalyzed in different arrangements, as illustrated in Fig. 2. The
esults agreed with those of the other tests and showed that the

J is cathodic in relation to the BM and the HAZ. The anodic sites
n the WJ  presented lower current densities when compared with
ase metal (BM), (b) heated affected zone (HAZ) and (c, d) welding joint (WJ).

the anodic sites on the HAZ of both the AS and RS. This behaviour
is related to the phase dissolution, which decreases the effect of
SLC on the anodic current densities and also to the increase in the
cathodic areas due to the fragmentation of the micrometric parti-
cles promoted by the tool movement. This results could be related
to the results obtained by Araujo et al. [48]. The authors compared
the corrosion behaviour of the 2198 alloy with different thermome-
chanical treatments. The SVET maps showed that the higher anodic
currents were promoted by the SLC observed on the T851 and T8
alloys, which presented a high density of the T1 phase due to the
artificial ageing. For the T3 condition, the current densities obtained
by SVET showed lower anodic currents, since natural ageing does
not promote the precipitation of the T1 phase (which is associated
with SLC in this alloy) in large amounts. This makes trenching the
main corrosion process, and the associated current densities of this
process are far lower compared with those of the SLC process. Sim-
ilarly, in the welding joint of the welded 2098-T351, where the T1
phase density is lower, the main anodic process is related to trench-
ing. Thus, the anodic currents associated with the WJ  are lower in
comparison with those of the BM and HAZ, which presents SLC sites.
Also, the predominance of cathodic activities in the WJ  became
evident for longer periods of immersion, as shown in Fig. 12. The
activities on the WJ  decreased with time. A uniform current density
distribution was observed in the WJ,  as shown in Fig. 12(b), and the

current densities related to this region were ten times lower than
those resulting from the galvanic coupling between the WJ  and the
HAZ, where SLC sites (red arrows) were seen both on the AS and
RS, as presented in Fig. 12(a) and (c). The reduction in the electro-
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Fig. 8. Agar visualization test for different configurations of the 2098-T351 alloy welded by FSW: (a) galvanic coupling between the welding joint and the heat-affected zone
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WJ/HAZ) for both the retreating (RS) and advancing (AS) sides; (b) three differentl
he  thermomechanical affected zone and stir zone (TMAZ/SZ) or WJ.

hemical activity of the WJ,  as observed in Fig. 12(d–f), is related to
he growth of the oxide film on this zone, which can act as a barrier
or the continuity of the process.

The SVET maps showed that the highest anodic currents were
elated to SLC. At these sites, the corrosion process is autocatalytic.
he pH decreases inside the pit at the SLC site leading to corro-
ion attack propagating deep into the exposed materials. However,
hen the adjacent zones are coupled, the WJ  is not susceptible to

LC, and the attack in this region is mainly related to the trench-
ng around the micrometric particles. Therefore, galvanic coupling
ffects the penetration of corrosion in the different welding zones.
ig. 13 compares the depths of corrosion penetration for the WJ  and
AZ, in the AS and the RS, after 24 h test. The depth of attack in the
LC sites, as revealed in Fig. 13(a) and (c), is usually deeper than
n the sites of attack associated with the micrometric particles, as
hown in Fig. 13(b); consequently, anodic currents associated with
he trenching process are lower.

.2. Asymmetry effects

According to the SVET maps shown in Fig. 11, after 2 h of immer-
ion, the proportion of anodic areas was larger in the HAZ (RS)
ompared to the HAZ (AS). The WJ  also developed a larger number
f anodic sites when coupled with the HAZ (RS) compared to HAZ
AS). This result shows that the asymmetry of the welding process
ffects the electrochemical behaviour of the welded alloy, mainly
n the first hours of immersion. Higher temperatures were reached

n the AS than in the RS leading to a reduction in T1 phase con-
ent at the AS. In a previous work [4], variations in the contents of
he nano-sized phases were shown when the TMAZ/HAZ interfaces
n the AS and RS were compared. Differential scanning calorime-
rated regions of the weldment comprising the base metal and HAZ  (BM/HAZ) and

try (DSC) and microhardness results, in addition to TEM images,
showed a reduction in T1 phase at the TMAZ/HAZ (AS) interface.
These variations are related to the thermomechanical process dur-
ing welding. The material flow is asymmetric and this behaviour, in
addition to the temperature reached in the welding zones, modifies
the nano-phase distribution, as revealed in Fig. 7, and the extension
of the welding zones in the AS and RS, as shown in Fig. 1. In addition,
the drag of the micrometric particles from the RS and their deposi-
tion at the AS favour the cathodic behaviour in this side, as indicated
by the agar-test result in Fig. 8. The lower temperatures reached in
the HAZ and TMAZ of the RS reduced the effect of T1 phase dis-
solution, and, as a consequence, more SLC sites were observed in
these regions in comparison with the AS. In the TMAZ of the AS, the
temperatures were the highest. This occurs because, in this region,
the tangential rotation speed of the tool and the process direction
are the same. Thus, the AS region is kept heated for longer periods
than the RS, favouring T1 phase dissolution. The higher currents
associated with the SLC compared to trenching explains the higher
activity of the RS which showed more anodic activity than the AS.

The effects of the asymmetry of the FSW process on the elec-
trochemical response of the welded 2098-T351 sample were easily
identified by the SECM technique, as revealed in Fig. 14. The results
obtained in the competition mode showed the electrochemical
behaviour at the HAZ/WJ interface. In this mode, the oxygen present
in the solution acts as a redox mediator. The differences in oxygen
reduction currents seen in the SECM maps, as evident in Fig. 14(a)
and (b), are related to the depletion of oxygen. On  surfaces of high

electrochemical activity, the currents related to oxygen availability
at the tip are lower since it is consumed at the cathodic sites. As
observed in Fig. 14(a) and (b), for the RS, the oxygen reduction cur-
rents at the tip increase from the HAZ to the HAZ/WJ boundary and
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Fig. 9. High-resolution XPS spectra obtained in the welding joint (WJ) of the 2098-T351 alloy welded by FSW prior to (polished) and after (corroded) 24 h immersion in
0.005  mol  L−1 NaCl solution.

F sion in
o

d
i
T

ig. 10. Open circuit potential (OCP) measurements as a function of time of immer
btained every 2 h for 24 h.
ecrease in the WJ  region. However, in the AS, the areas correspond-
ng to high current densities at the tip extended over larger areas.
his behaviour is in agreement with the immersion test results
 0.005 mol  L−1 NaCl solution for the different welding zones. Measurements were
presented earlier in Fig. 3. As observed from the test, while the
cathodically protected area in the AS is not well defined, in the RS, a
narrow and well defined protected area is observed in the HAZ/WJ
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Fig. 11. SVET maps of the welded 2098-T351 allo

oundary for long periods of the test. Fig. 14(c) shows a welded
ample immersed in 0.005 mol  L−1 NaCl after 8 h of immersion. The
eatures observed in the SECM maps were compared with the sam-
les immersed for longer periods and the microstructural features
howed a good correlation with the SECM results, as revealed in
ig. 14(d) and (e). The contrast observed between the grains at the
AZ/WJ transition region can provide an indication of the activity
ariation across the weldment. While a narrow and non-attacked
egion is observed in the RS, the shape of the grains in the AS is
ot well-defined. Since the grains reactivity is related to T1 phase
ontent, the regions with higher oxygen currents can be related
ith the HAZ/WJ boundaries of comparatively lower amounts of

1 phase.
The material flow in the FSW process is complex since it depends

n various parameters such as tool design, shoulder characteristics,
elding parameters (rotational speeds, transverse and direction of

otation) inclination angle, welded material properties, type of con-
act between the tool/matrix interface, etc. [61]. Some studies show
hat portions of the material on the top surface do not penetrate in
he wake of the shoulder, stacking in the shoulder interface at the RS
s the process progresses [62]. These interfaces between the matrix
nd the shoulder are regions of microstructural and deformation
evel variations which, according to the results of SECM, showed
nfluence on the electrochemical response of the 2098-T351 alloy.

his flow pattern effect modifies the grain morphology, the con-
entration of micrometric particles and favours the precipitation
dissolution of nano-sized phases. All these modifications alter the
lectrochemical response on both sides.
 2 h of immersion in 0.005 mol L NaCl solution.

Finally, a relationship between the electrochemical behaviour
and the mechanical properties of the 2098-T351 welded by FSW
can be established from the SECM results. The line-scan results
obtained in competition mode and the microhardness profile are
compared in Fig. 15. Since the main strengthening phase in Al-Cu-Li
alloys is the anodic T1 phase, it can be seen that as the microhard-
ness decreases, the oxygen reduction reaction current at the tip
increases. The SECM result showed that the highest electrochem-
ical activity occurred at regions of the weldment where T1 phase
can be observed, whereas the protected areas are related to the
regions with lower amounts of T1 phase. In the boundary of the
HAZ/WJ (which comprise the TMAZ zone) of the RS and AS, the
microhardness values are lower when compared with the other
zones. Nonetheless, it was observed that the lowest values of micro-
hardness were observed in the HAZ/WJ boundary of the AS, that was
the side which presented more oxygen availability.

In summary, scanning electrochemical techniques, SVET and
SECM were useful in the study of the corrosion behaviour of the
welded Al-Cu-Li alloy. The correlation between the modifications
of the microstructural features and the electrochemical reactiv-
ity of each zone was  established. SVET technique showed that the
zones with high amounts of T1 particles, such as the HAZ and BM,
are anodic in relation to the WJ,  where T1 phase is rare. Further-
more, the localized electrochemical techniques showed that the

electrochemical activity at the RS is higher than in the AS, where
the amount of T1 phase is lower. According to the SECM results, the
corrosion protected areas are related to the HAZ/WJ (TMAZ domain)
region where the T1 phase content reaches the lowest values.
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Fig. 12. SVET maps (a–c) and in situ optical images (d–f) of the 2098-T351 alloy welded by FSW after 24 h immersion in 0.005 mol  L−1 NaCl solution.

Fig. 13. Optical profilometry images of the corroded surfaces of the welding zones of the 2098-T351 alloy after 24 h of immersion in 0.005 mol L−1 NaCl solution: (a) HAZ
(RS);  (b) WJ;  (c) HAZ(AS); (d) depth penetration profile relative to dashed lines in (a–c).



174 M.X. Milagre et al. / Journal of Materials Science & Technology 45 (2020) 162–175

Fig. 14. SECM maps corresponding to the TMAZ/HAZ boundary in the (a) RS and (b) AS of
8  h of immersion in 0.005 mol  L−1 NaCl solution; welding zones features in the (d) RS and
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ig. 15. Plots correlating the microhardness across the top surface of the weld with
he  SECM line scan plot along the welding joint.

. Conclusion

The electrochemical characterization of the 2198-T351 alloy
howed that the base metal (BM) and the heat-affected zone (HAZ)
ere anodic in relation to the welding joint (WJ) which comprises

he thermomechanically affected zone (TMAZ) and the stir zone

SZ). Microstructural modifications due to the asymmetric effects
nduced by the friction stir welding (FSW) process led to differ-
nces in the corrosion behaviour of the weld zones. The largest
ifference was observed at the interfaces between the HAZ and
 the welding joint in 0.005 mol  L−1 NaCl solution; (c) welded 2098-T351 alloy after
 (e) AS, revealed after etching (2% HF and 25% HNO3).

the WJ  (TMAZ and SZ), independent of whether it is the advanc-
ing side (AS) or retreating side (RS). The SVET and SECM (in
the competition mode) techniques were very sensitive to iden-
tifying the differences between the electrochemical behaviour of
AS and RS. The electrochemical activities related to the RS were
higher than those of the AS when the welding zones were gal-
vanically coupled. Finally, the results showed good agreement
with different microstructural features observed in each welding
zone.
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57] R. Viroulaud, J. Światowska, A. Seyeux, S. Zanna, J. Tardelli, P. Marcus, Appl.

Surf. Sci. 423 (2017) 927–938.
58] G.B. Hoflund, Z.F. Hazos, G.N. Salaita, Phys. Rev. B 62 (2000) 11126–11133.
59] E. Koroleva, G. Thompson, G. Hollrigl, M.  Bloeck, Corros. Sci. 41 (1999)
60] M.  Keddam, C. Kuntz, H. Takenouti, D. Schuster, D. Zuili, Electrochim. Acta 42
(1997) 87–97.

61] H.N.B. Schmidt, T.L. Dickerson, J.H. Hattel, Acta Mater. 54 (2006) 1199–1209.
62] X. He, F. Gu, A. Ball, Prog. Mater. Sci. 65 (2014) 1–66.

http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0005
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0010
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0015
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0020
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0025
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0025
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0025
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0025
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0025
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0025
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0025
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0025
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0025
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0025
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0025
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0030
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0035
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0035
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0035
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0035
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0035
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0035
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0035
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0035
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0035
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0035
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0035
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0040
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0045
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0050
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0055
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0060
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0065
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0070
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0075
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0080
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0085
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0090
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0095
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0105
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0110
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0110
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0110
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0110
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0110
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0110
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0110
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0110
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0110
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0110
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0110
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0110
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0115
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0120
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0125
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0130
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0135
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0140
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0145
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0150
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0155
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0155
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0155
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0155
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0155
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0155
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0155
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0155
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0155
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0155
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0155
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0155
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0160
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0165
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0170
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0175
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0180
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0185
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0190
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0195
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0200
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0205
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0210
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0210
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0210
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0210
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0210
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0210
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0210
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0210
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0210
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0210
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0210
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0210
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0215
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0220
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0225
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0230
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0230
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0230
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0230
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0230
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0230
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0230
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0230
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0230
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0230
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0230
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0235
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0240
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0245
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0250
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0255
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0260
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0265
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0270
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0275
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0280
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0285
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0290
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0295
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0300
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0305
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310
http://refhub.elsevier.com/S1005-0302(20)30084-0/sbref0310

	Galvanic and asymmetry effects on the local electrochemical behavior of the 2098-T351 alloy welded by friction stir welding
	1 Introduction
	2 Materials and methods
	2.1 Material
	2.2 Microstructural characterization
	2.3 Immersion test
	2.4 Gel visualization test
	2.5 Surface characterization
	2.6 Open circuit potential measurements
	2.7 Scanning vibrating electrode technique (SVET)
	2.8 Scanning electrochemical microscopy (SECM)

	3 Results and discussion
	3.1 Galvanic coupling effects
	3.2 Asymmetry effects

	4 Conclusion
	Acknowledgements
	References


