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a  b  s  t  r  a  c  t

Sustainable  cogeneration  of tartronate  (high  yield  of 61.8%)  and  electrical  energy  (1527  J,  12 h)  has  been
achieved  from  direct  electrocatalytic  oxidation  of  glycerol  on  Au/C  in a 5 cm2 anion  exchange  membrane-
direct  glycerol  fuel  cells  (AEM-DGFCs).  The  electrode  structure  and  reaction  conditions  exhibited  strong
effects  on  the  anode  potential,  which  can  be  tuned  to <0.45  V in  favor  of  oxidizing  two  primary  OH  groups
of  glycerol  while  minimizing  over-oxidation  of the  secondary  OH  and  C C bond  cleavage,  thereby  pro-
moting  the tartronate  production.  The  relatively  low  activity  of  partial  oxidation  products  (glycerate,
tartronate,  mesoxalate)  on  Au/C  revealed  in half  cell indicates  that  the  tartronate  generation  in  AEM-
lycerol
old nanoparticles
uel cell
ogeneration

DGFCs  is through  direct  adsorbed  C3 intermediates  oxidation.  Mass  transport  of  reactants  and  reaction
intermediates  governed  by the  operational  conditions  was  also  found  to play  a  critical  role  in regulating
reaction  rate and  the desired  products  selectivity.  Furthermore,  Au/C  prepared  via aqueous  phase  reduc-
tion  method  (Au/C-AQ)  was  compared  with  organic  phase  nanocapsule  method  (Au/C-NC),  and  it  shows
the  residual  surfactants  have  little  effect  on  the tartronate  yield.

©  2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

Non-renewable petroleum nowadays remains the main source
or manufacturing of fuels and chemicals in industries, and has been
erving for boosting our fast human society growth for decades.
owever, with the rapid increasing of the global population and
ontinuing improvement of the people’s living standards, our heavy
ddiction to petroleum has aroused great concerns, mainly due to
he dwindling of petroleum reserves resulting in the rising cost of
he transportation fuels, and more importantly, the air quality dete-
ioration and global climate change [1,2]. Under such situation, it is
mperative to search for alternative, renewable natural resources
or the fine chemicals production. Glycerol is a key biomass-derived

ompound, readily available from the bio-diesel manufacture [3].
ue to its three hydroxyl ( OH) groups, glycerol has been rec-
gnized as a viable feedstock for the production of a wide range

∗ Corresponding author. Tel.: +1 906 487 2298; fax: +1 906 487 3213.
E-mail addresses: wzli@mtu.edu, liwenzhen@gmail.com (W.  Li).

1 1These authors contributed equally to this work.

ttp://dx.doi.org/10.1016/j.apcatb.2014.02.040
926-3373/© 2014 Elsevier B.V. All rights reserved.
of value-added chemicals [4]. Among them, tartronic acid (TA, a
C3 diacarboxylic acid, product of two  primary OH oxidation of
glycerol) has found its medical application in the treatment of
osteoporosis and obesity. However, the current high price of TA
($1536 g−1) impedes the expansion of its potential market [5].

Aqueous phase selective oxidation of glycerol to valuable chem-
icals (including TA) over metal catalysts with molecular oxygen
or H2O2 oxidant represents a very attractive green process due to
its low environmental impact, especially when compared to cur-
rent stoichiometric oxidation processes. Although great progress
has been made on selective oxidation of one primary OH group of
glycerol to glycerate over Pt, Pd, Au catalysts, it is still challeng-
ing to selectively oxidize two  primary OH groups to generate
tartronate on monometallic catalysts. Prior studies were primary
focused on enhancing the activity and selectivity to glycerate of
Pt, Pd and Au-based mono-[6–13] and bi-metallic [10,11,14–16]
catalysts, however under certain reaction conditions, the selectiv-

ity to di-carboxylic acid (e.g. tartronate) via consecutive oxidation
of glycerol was  found to be promoted. Prati and Hutchings
groups have demonstrated that increasing the catalyst amount and
decreasing the glycerol concentration can promote the tartronate

dx.doi.org/10.1016/j.apcatb.2014.02.040
http://www.sciencedirect.com/science/journal/09263373
http://www.elsevier.com/locate/apcatb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apcatb.2014.02.040&domain=pdf
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ormation, which could be attributed to the increasing of the ratio
f glycerol to catalyst active sites [7,16,17]. It was also observed that
y increasing the reaction temperature and oxygen concentration,
he transformation of glycerate to tartronate could be facilitated
7,8]. Independent studies by Prati and Davis have reported that
lycerol oxidation carried out in a fixed bed continuous up-flow
eactor significantly increased the selectivity to tartronate com-
ared with that conducted in semi-batch reactor [18,19]. Even
hough research breakthrough has been made to obtain reasonable
ield of tartronate, complicate multi-metallic catalysts (0.8%Ce-
.5%Bi-0.75%Pt-3%Pd/C [20] and 0.1% Bi@AuPd/AC [21]) have to be
sed. More importantly, conventional heterogeneous catalytic oxi-
ation of glycerol that takes place in aqueous phase with O2 or
2O2 oxidant cannot take advantage of the rich energy stored in

he chemical bonds of glycerol, which can be directly converted to
lectrical energy via electrochemical oxidation.

Exhaustive research efforts in electrochemical oxidation of glyc-
rol have been made aiming to gain fundamental understanding of
he key factors that govern the electrocatalytic oxidations. In situ
ourier transform infrared (FTIR) spectroscopy and high perfor-
ance liquid chromatograph (HPLC) combined with voltammetry

ave been applied to probe reaction intermediates/products under
 wide range of potentials in half cells [22–29]. HPLC has iden-
ified that glycerate and glycolate are two dominant products on

onometallic Pt, Pd and Au in alkaline electrolyte. Tartronate was
bserved as a small amount side product only on Au/C and both
olycrystalline bulk Pt electrode and Pt/C at low potentials, whereas
n polycrystalline bulk Au electrode, the presence of tartronate was
etected as a weak FTIR signal at very high potentials of >1.2 V vs.
HE (reversible hydrogen electrode). In addition, Simoes et al. per-

ormed the electro-oxidation of glycerol on bimetallic PdAu, PdNi,
dBi and trimetallic PdPtBi nanoparticle catalysts [24,30]. With
he assistance of spectroscopy or chromatography analysis, it was
roposed that the activity of glycerol electro-oxidation could be
romoted by ad-atoms and the formation of tartronate is strongly
ependent on the electrode potential.

Direct glycerol fuel cells (DGFCs) have attached enormous
ttention as a potential mobile electrochemical power source for
ransportations and portable electronics. Pt-,Pd- and Au- based
node catalysts have been investigated in DGFCs with solid anion
xchange membrane electrolyte [27,31–39]. Although tremendous
rogress in the electrical energy generation performance have
een accomplished through rational design of electrocatalyst
tructures, complete oxidation of glycerol to carbonate in alkaline
edia remains the minor reaction in comparison with its partial

xidation to various carboxylates [40], which will lead to low
nergy density and utilization efficiency of glycerol fuel. For this
eason, DGFCs may  have industrial application potential only if
easonable output power density and high yield of higher-valued
arget products can be achieved simultaneously [37,41]. Early work
n our lab has successfully achieved the cogeneration of electricity
58.6 mW cm−2 on Pt/C and 22.7 mW cm−2 on Au/C) and valuable
hemicals (selectivity of 41% to glycerate + 50% tartronate on Pt/C
nd 46% to mesoxalate on Au/C) in anion exchange membrane-
irect glycerol fuel cells (AEM-DGFCs) [27,42]. Recently Vizza et al.
onducted electro-oxidation of glycerol in passive AEM-DGFCs and
eported selectivity of 55.3% and 43.4% to glycerate and tartronate,
ith electrical energy generation of 578 and 366 J on Pd-(Ni-Zn)/C

nd Pd/C, respectively [33,40]. Ilie et al. has reported that the fuel
ell operating conditions such as anode fuel rate has an effect on
he cell potential in direct glycerol fuel cell [43]. Very recently,
EM-based electrolysis flow cell reactor was self-designed by our

roup and used to investigate glycerol electro-oxidation on Au/C
ith carbon cloth substrate (liquid diffusion layer), this is similar

o AEM-DGFC anode structures. It is interesting to find that the
egree of glycerol oxidation can be well tuned by anode potential
ental 154–155 (2014) 360–368 361

to produce tartronate (oxidizing two  primary OH) at <0.45 V
vs. RHE, mesoxalate (oxidizing three OH) at ≥0.45 V vs. RHE, or
glycolate (breaking C C bond) at >0.9 V vs. RHE [28,44]. Therefore,
it would be very attractive to seek co-production of valuable
tartronate and electricity over Au/C catalysts in AEM-DGFC, if
we could lower the anode potential to <0.45 V, as what we have
discovered in electrolysis cell study.

Herein, we  report cogeneration of electricity and tartronate with
a high yield of 61.8% from direct glycerol oxidation on Au/C anode
catalysts in AEM-DGFC. The optimization of membrane electrode
assembly (MEA) structure, electrolyte pH, fuel flow rate and oper-
ation temperature were found to allow fine tuning of the anode
potential to fairly low of <0.45 V in order to favor the electro-
oxidation of two  primary OH groups of glycerol (to tartronate),
while minimizing over-oxidation of the secondary OH (to mesox-
alate) and the C C bond cleavage (e.g. to glycolate and oxalate).
It is also found that in AEMFC Au/C catalyzed glycerol partial oxi-
dation products (glycerate, tartronate, mesoxalate) are relatively
stable after desorbing into bulk electrolyte, which has been fur-
ther supported by half-cell experiment. For comparative purpose,
Au/C anode catalysts prepared by both organic phase nanocapsule
method (Au/C-NC) and aqueous phase reduction method (Au/C-
AQ) were studied for electrocatalytic select oxidation of glycerol
in AEM-DGFCs and it is shown that the surfactants involved in the
Au/C-NC synthesis has little effect on the final oxidation products
distribution.

2. Experimental

2.1. Chemicals

AuCl3 was  purchased from Alfa Aesar. Sodium borohydride
(99%), sodium citrate dihydrate (99%), LiBEt3H (1 M in THF), 1-
octadecene (90%), and benzyl ether (99%) were purchased from
Acros Organics. Carbon support (Vulcan XC72R) was obtained
from Fuel Cell Store. Polytetrafluoroethylene (PTFE), oleylamine
(70%), potassium sulfate (99%), 1-propanol (99.5%) and most of the
standard samples including d-glyceric acid calcium salt dehydrate
(99%), sodium mesoxalate monohydrate (98%) oxalic acid (99%),
glycolic acid (99%), lactic acid (90%), formic acid (98%) were bought
from Sigma–Aldrich. Oleic acid (90%) and high purity glycerol
(99.8%) were purchased from Fisher Scientific. All the chemicals
were used as received without further purification.

2.2. Preparation of Au/C catalysts

Au/C prepared by organic phase nanocapsule method (Au/C-
NC): AuCl3 (151.7 mg)  was dissolved in a mixture of 1-octadecene
(16 mL)  and oleylamine (4 mL)  under a nitrogen blanket. The sys-
tem was then heated to 80 ◦C, followed by a quick injection
of LiBEt3H (1.5 mL). After holding the temperature constant for
10 min, the solution was  cooled down to room temperature and
the Au nanoparticles (NPs) were separated by 10,000 rpm centrifu-
gation for 10 min. The as-prepared Au NPs were re-dispersed in
hexane (50 ml)  and dropped at a rate of 1 s−1 into carbon black
(80.6 mg  or 147.7 mg)  dispersed in ethanol. The as-prepared Au NPs
were re-dispersed in hexane (50 ml)  and slowly dropped into an
ethanol dispersion of carbon black (80.6 mg  or 147.7 mg). The final
product Au/C-NC catalyst with a loading of 55 wt%  or 40 wt% was
obtained after filtration, washed with ethanol (1 L) and dried in the
vacuum oven at 50 ◦C overnight.
Au/C prepared by aqueous phase method (Au/C-AQ): The cat-
alyst precursor, AuCl3 (151.7 mg), was  dissolved in DI water
(1500 mL)  by 5 min  ultrasonic sonication. The catalyst support,
80.6 mg  of carbon black, was ultra-sonicated and stirred for 10 min
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o form a homogeneous ink. Citrate-stabilized reducing agent solu-
ion was prepared by dissolving sodium citrate dihydrate (200 mg)
nd sodium borohydride (60 mg)  in DI water (50 mL)  and was then
dded to the AuCl3 solution under vigorous stirring. Subsequently,
he carbon black ink was mixed with the as-prepared Au hydrosol.
n order to facilitate the deposition of Au NPs onto the carbon sup-
ort, 0.4 M potassium sulfate solution (150 mL)  was slowly pumped

nto the aforementioned mixture in 12 h. After filtrated and dried in
he vacuum oven at room temperature overnight, Au/C-AQ catalyst
ith a loading of 55 wt% was obtained.

.3. Physical characterization of Au/C catalysts

The structure, composition and morphology of Au/C catalysts
ere characterized by X-ray diffraction (XRD), and transmission

lection microscopy (TEM). Scintag XDS-2000 �/� diffractometer
Cu K� radiation (� = 1.5406 Å) with 35 mA  filament current and
5 kV tube voltage) were employed to collect XRD patterns at a
ontinuous scan rate of 1.2 degree per minute. The mean crystallite
izes of Au/C-NC and Au/C-AQ catalysts are calculated using the
2 2 0) peak based on Debye–Scherrer formula:

 = 0.9�K˛

B2� cos�max
(1)

here L is the mean crystal size, � is the wavelength of the X-ray
1.5406 Å), B is the full width at half-maximum of the peak (rad)
nd �max is the Bragg angle (rad) of Au (2 2 0).

The transmission electron microscopy (TEM) image of Au/C was
ollected on JEOL JEM-4000FX with an operating voltage of 200 kV.

.4. Membrane electrode assembly (MEA) fabrication

The anode catalyst ink was made by mixing Au/C cata-
yst power, 5 wt% PTFE in water suspension into iso-propanol
10 mgcatalyst/ml, mass ratio PTFE:catalyst = 5:95), and sprayed onto

 carbon cloth (PTFE-untreated, 381 �m,  Fuel Cell Store) that
erves as the liquid diffusion layers (LDL) to achieve a loading
f 1.0 mgAu cm−2. The cathode catalyst ink (10 mgcatalyst/ml, mass
atio ionomer:catalyst = 3:7), which was made from 1-propanol
ispersion of a commercial non-precious metal HYPERMECTM
Fe-Cu-based catalyst, Acta 4020) blended with an AS-4 anon con-
uctive ionomer (Tokuyama), was airbrushed directly onto the
EM. Carbon paper (Toray) was employed as the cathode gas
iffusion layer. The evenly-sprayed carbon cloth anode and cat-
lyst coated membrane (CCM) cathode were dried in air under
oom temperature overnight before use. The MEA was  fabricated
y directly assembling the anode, cathode and carbon paper in
equence without hot press.

.5. Anion exchange membrane fuel cells (AEM-DGFCs) test and
roduct analysis

Electro-catalytic oxidation of glycerol in AEM-DGFC was  con-
ucted on a Scribner fuel-cell test stand (850e). The fuel cell fixture
as purchased from Fuel Cell Technology Inc. with an active area

f 5 cm2. The end plate was modified with stainless steel (316L)
o tolerate the alkaline operation environment. During each run,
0 ml  of glycerol + KOH solution was introduced into a plastic ves-
el and pumped into the anode at a flow rate of 1.0 or 4.0 ml  min−1

hrough a closed loop by a peristaltic pump (Gilson Minipuls 3),
hile the high-purity O2 (>99.999%) was fed into the cathode com-
artment at a flow rate of 0.1 or 0.4 L min−1 under a backpressure

f 30 or 0 psig. The electro-oxidation was carried out by control-
ing the fuel cell voltage to 0.1 V. During the reaction, the anode
otentials were monitored by a Hg/HgO/1.0 M KOH reference elec-
rode and converted to reversible hydrogen electrode (RHE) by V
mental 154–155 (2014) 360–368

vs. RHE = V measured vs. Hg/HgO/1.0 M KOH + 0.098 + 0.059 × (pH
of electrolyte solution). Hg/HgO/1.0 M KOH reference electrode was
calibrated against RHE (HydroFlex®) in a fresh prepared 1.0 M KOH
electrolyte at the end of each test, and their potential difference
was maintained 0.924 ± 0.007 V in all of the experiments. Samples
were removed periodically and analyzed by HPLC using a column
(Alltech, OA-1000) with a refractive index detector (RID, Agilent
G1362A) and a variable wavelength detector (VWD, 220 nm,  Agi-
lent G1314A). An eluent of 5 mM aqueous sulfuric acid at a flow rate
of 0.3 ml  min−1 were applied for the product separation. 20 �l of
sample was injected into the HPLC system. Products were identified
by comparison with authentic samples.

The product selectivity/yield and glycerol conversion are calcu-
lated by the following equations:

Selectivity of one C2 or C3product

= moles of C2 or C3 product
total moles of C2 and C3 products

× 100% (2)

Conversion of glycerol

= (1 − concentration of glycerol at certain time
Initial concentration of glycerol

) × 100% (3)

Yield of C2or C3 product = selectivity of C2 or C3 product

× conversion of glycerol (4)

The carbon balance is based on [19,45]:

Carbon balance =
3Mgi − 3

∑
MC3 − 2

∑
MC2 − 1

∑
MC3 − 3

∑
Mgf

3Mgi

× 100% (5)

where Mgi and
∑

Mgf is the initial and final moles of glycerol in
the electrolyte.

∑
MC3,

∑
MC2 and

∑
MC1 is the total moles of C3

(glycerate, tartronate, mesoxalate, lactate), C2 (glycolate, oxalate,
glyoxylate) and C1 (formate, carbonate) products, respectively.

If assuming that no C C bond cleavage occurs in C2 products,
then

∑
MC2 =

∑
MC1. Thus the equation for carbon balance calcu-

lation can be simplified to:

Carbon balance = Mgi −
∑

MC3 −
∑

MC2 −
∑

Mgr

Mgi
× 100% (6)

Therefore, a carbon balance of 0 means all the C2 products gen-
erated from C C breaking of C3 products do not undergo further
C C cleavage, and the summation of all the C2 and C3 products and
unreacted glycerol is equal to the initial glycerol. A smaller carbon
balance value indicates less C2 intermediates were further oxidized
to C1 products (carbon balance of 0 means no C2 intermediates were
further oxidized to C1 products). The carbon balance under all the
tests condition is less than 15%, which is within the system error
expected in HPLC analysis.

2.6. Half cell test

Half cell tests were performed in a conventional three-
electrode-cell setup, equipped with a glassy carbon working
electrode, a Hg/Hg (1.0 M KOH) reference electrode and a Pt wire
counter electrode. A water bath is used to hold system temperature

at 25, 50, or 60 ◦C throughout the tests. 2.0 mg  Au/C (55 wt%) was
firstly dispersed in 1.0 ml  isopropanol by sonication to form uni-
form ink. Before each test, 20 �l of the 2.0 mg  ml−1 catalyst ink was
drop-casted on the glass carbon electrode, followed by adding 10 �l
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Fig. 1. Electro-catalytic selective oxidation of glycerol in AEM-DGFCs with different
MEA  structures and operation conditions. Anode catalyst: Au/C-NC; cathode cata-
J. Qi et al. / Applied Catalysis B: En

f 0.05 wt% AS-4 anion conductive ionomer (Tokuyama) on the top
o bind the catalyst particles. Prior to tests, all the electrolytes were
eacerated by purging with N2 gas (99.99%) for 30 min. Ten cycles
f cyclic voltammograms (CVs) were recorded for Au/C catalyst
t 25, 50, and 60 ◦C in 0.1 M KOH and the stabilized polariza-
ion curve obtained from the last cycle as reported. All potentials
ere reported with respect to RHE. A linear sweep voltammetry

LSV) on Au/C catalyst with sweep rate of 1 mV s−1 without rota-
ion was carried out in 0.1 M KOH, 0.1 M KOH + 0.1 M glycerol,
.2 M KOH + 0.1 M glyceric acid, 0.3 M KOH + 0.1 M tartronic acid
nd 0.1 M KOH + 0.1 M sodium mesoxalate monohydrate at 50 or
0 ◦C. Excessive KOH (0.2 or 0.3 M)  was used to neutralize glyceric
cid (pKa = 3.52) and tartronic acid (pKa1 = 2.42, pKa2 = 4.54) [46].

. Results and discussion

.1. The effects of MEA  structures and reaction conditions on the
artronate selectivity in AEM-DGFC and electro-oxidation activity
valuation of main glycerol partial oxidation C3 products in half
ell

Electrocatalytic oxidation of glycerol in AEM-DGFCs could
rovide a new route to sustainable conversion of glycerol to
alue-added oxygenated chemicals with important industrial
pplications. The AEM-DGFCs can be envisioned as a continuous
xed-bed reactor with multiple plates, which is more prone to pro-
uce deeply oxidized products than conventional heterogeneous
atalytic oxidation of glycerol in semi-batch reactor configuration
17–19]. In electrocatalysis, the oxidation reactions take place at the
lectrified catalyst–electrolyte interface close to the anode, where
he reaction rate, pathway and products distribution can be reg-
lated via manipulation of the anode potential, so as to facilitate
he formation of valuable target products. Considering that glyc-
rol electro-oxidation on Au/C in AEM-DGFCs involves complex
eaction sequences, any changes in reaction conditions, such as the
lectrode thickness, flow rate, the reaction temperature and elec-
rolyte pH, could affect the anode potential, thereby influencing the
nal products distribution.

Electrode thickness was first optimized toward anode poten-
ial tuning for selective oxidation of glycerol in AEM-DGFC. The
ifferent anode thicknesses (length scales) result in different time
cales of which the reactants diffuse into and products diffuse out
f the porous electrodes, which affect the concentration profiles of
eactants and reaction intermediates available inside the electro-
atalytically active region. In other words, the thicker the porous
lectrode is, the more reaction intermediates will be held within
he confined electrolyte volume to possibly facilitate their deeper
xidation, meanwhile, the fresh reactant will be held outside of the
lectrocatalytically active region. Increasing the metal loading of
u/C catalyst from 40 wt% to 55 wt% decreases the amount of car-
on black amount on the anode (from 7.5 mg  to 4.0 mg), therefore
ecreases the thickness of the porous liquid diffusion anode (from
05 �m to 597 �m,  including the thickness of carbon cloth sub-
trate of 381 �m and catalyst layer of 324 �m or 216 �m measured
y a micrometre), given that the same Au loading (1.0 mgAu cm−2)
as used at the anode. Compared to the Au/C (1.0 mgAu cm−2,

0 wt%) anode used in our previous work [42], the presented thin-
er porous anode structure (1.0 mgAu cm−2, 55 wt%), allows more

resh glycerol from bulk electrolyte to replenish the oxidation reac-
ion, which leads to the glycerol conversion increasing from 13.1%
Fig. 1(a)) to 14.7% (Fig. 1(b)) in 1 h operation. Higher local concen-

ration of glycerol presented at the catalyst–electrolyte interface
ill not only negatively shift the onset potential of glycerol electro-

xidation in half cell but also increase the open circuit voltage
OCV) in AEM-DGFC, as it facilitates the formation of highly reactive
lyst:  Fe-Cu-based catalyst (Acta 4020); anode fuel: 1.0 M glycerol in KOH electrolyte,
30  ml;  glycerol:Au = 1:1300 (mol:mol); cell voltage: 0.1 V; reaction time: 1 h. Details
of  MEA structure and operation conditions (a)–(e) are listed in Table 1.

glyceraldehyde [38,47]. The cathode non-precious Fe-Cu-based
catalyst loading was also increased from 1.0 mg/cm2 to 3.0 mg/cm2

to facilitate oxygen reduction reaction (ORR). It was observed that
the measured anode potential decreases from 0.54 V to 0.41 V vs.
RHE with the anode thickness decreasing and enhanced ORR. This
observation can also be explained by the ease of the removal of
reaction intermediates by glycerol fluxing in through the thinner
porous electrode, as their presence could inhibit the oxidation of
glycerol [48] and lead to the anode potential increasing. The inde-
pendent linear scan voltammetry (LSV) experiments were carried
out at 50 ◦C by using KOH solution with glycerate, tartronate, or
mesoxalate (Fig. 2(a)). It shows that glycerate is more difficult
to be oxidized on Au/C than glycerol as shown by its lower peak
current density (e.g.4.5 mA  cm−2 vs. 23.6 mA cm−2 at 50 ◦C) and
more positive onset potential (e.g. 0.82 V vs. ca. 0.57 V (vs. RHE) at
50 ◦C). It needs even higher onset potentials of about 1.2 and 1.3 V
vs. RHE, respectively, for tartronate and mesoxalate adsorption and
oxidation on Au/C. This strongly indicates that desorbed glycerate,
tartronate and mesoxalate are difficult to be further oxidized
under the fuel cell operation conditions (low anode potentials).

As already noted in the previous publications, the C C cleavage
product glycolate is nearly inert on both Au smooth polycrys-
talline and nanoparticle electrodes [49,50]. Therefore, lowering
anode potential and enhancing mass transport using the modi-
fied thin electrode structure can promote the tartronate formation
by the sequential oxidation of glycerol via adsorbed C3 reactive
intermediates, while minimize its over-oxidation to mesoxalate
or C C bond cleavage by-products (glycolate and oxalate), lead-
ing to the tartronate selectivity increasing from 34% (Fig. 1(a)) to
49% (Fig. 1(b)) in 1 h. However, the decreasing of the anode poten-
tial weakens the adsorption of glyceraldehyde, a possible unstable
byproduct generated at low potential (0.4 V vs. RHE) [26]. The des-
orbed glyceraldehyde decomposes in the bulk alkaline electrolyte,
which is likely responsible for the lactate detected in the final prod-
ucts profile (Fig. 1(b)) [51].

Glycerol fuel flow rate for the AEM-DGFC reactor was also
optimized to study its effect on the reaction rate and product
distribution of glycerol electro-oxidation. Under similar reaction
conditions, the liquid flow rate was decreased from 4 ml  min−1 to
1 ml  min−1 and the results are shown in Fig. 1(b) and (c). After slow-
ing down the flow rate of 2.0 M KOH + 1.0 M glycerol, it is observed

that the glycerol conversion drops from 14.7% to 11.5%, which
could also be attributed to the more intimate contact between
the reaction intermediates and catalyst confined within the porous
electrode through lowering the fuel flow rate. Although the fuel
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ow rate has a minor effect on the anode potential, the increasing
f the retention time can help hold/trap the reaction intermediates
ithin the porous matrix of the anode, therefore, glyceraldehyde

s more likely to remain chemisorbed at the surface and undergoes
onsequential oxidation to mesoxalate. This is evidenced by the
esoxalate selectivity increasing from 10% to 13% and the selectiv-

ty of the glyceraldehyde-degraded by-product lactate decreasing
rom 6.0% to 2.6%.

In order to gain insight into the influence of reaction temper-
ture on electro-oxidation of glycerol, CV was performed on Au/C
55 wt%) catalyst in blank 0.1 M KOH at 25, 50, and 60 ◦C. It is shown
n Fig. 3 that with the temperature increasing, the onset poten-
ial where Au starts to adsorb OH shifts negatively, and within the
otential window investigated (<1.65 V vs. RHE), the oxygen evolu-
ion reaction (OER) activity on Au/C is negligible at 25, 50, and 60 ◦C.
arly studies suggested that the presence of the sub-monolayer of
he adsorbed OH governs the catalytic behavior of Au for alcohol
xidation [49], and there is no glycerol adsorption before the onset
otential of Au(OH) formation [52]. Recent DFT results also indi-
ated that the adsorbed OH will significantly lower the activation
arrier for both O H and C H bond dissociation and enhance the
atalytic activity of Au [45]:

�R − OH� + OHads ⇔ H�R − Oads + H2O (7)
�R − OH� + OHads ⇔ R = Oads + H2O (8)

In our previous studies, it is shown that the onset potential of
he glycerol electro-oxidation on Au/C in half cell shifts negatively,
Fig. 3. Cyclic voltammograms of Au/C-NC (55 wt%) in 0.1 M KOH at 25, 50, or 60 ◦C,
at  a scan rate of 50 mV s−1, without rotation.

as the reaction temperature increases from 25 ◦C to 60 ◦C, which
could be attributed to the higher adsorption rate of OH on Au at ele-
vated temperatures [47]. In addition, the reported voltammograms
also indicated better electro-oxidation kinetics was  achieved at
higher temperatures, as shown by the increasing of the peak cur-
rent density. In agreement with these prior results, it is observed
that the AEM-DGFCs operated at higher temperature (60 ◦C)
promotes the glycerol conversion from 11.5% (Fig. 1(c), 50 ◦C) to
13.5% (Fig. 1(d), 60 ◦C) in 1 h. Moreover, it further decreases the
anode potential from 0.40 V to 0.35 V vs. RHE, contributing to the
increasing of tartronate selectivity to 54.8%. On the other hand,
the elevated reaction temperature may  also promote the reaction
intermediates diffusion to the bulk electrolyte, which prevents the
further oxidation to mesoxalate, leading to mesoxalate selectivity
drop from 13.0% to 9.4%. The by-product lactate selectivity remains
small (2.3%), mainly due to the rapid oxidation of glycerol to
glycerate via glyceraldehyde at the higher temperature.

High pH alkaline environment has been reported to effec-
tively improve glycerol electro-oxidation rate [27,38,44,53,54]. The
AEM-DGFCs fed with 8.0 M KOH + 1.0 M glycerol shows apprecia-
bly increasing of the tartronate selectivity from 54.8% to 70.6% and
the glycerol conversion from 13.5% to 18.2% when compared to
2.0 M KOH + 1.0 M glycerol (Fig. 1(e)). Higher OH− concentration
was reported to benefit the initial base-catalyzed dehydrogena-
tion of alcohol to promote the generation of highly reactive alkoxy
intermediate by lowering the activation barrier [51]:

H�R − OH� + OH− ⇔ H�R − O− + H2O ⇔ H�R − Oads + e− (9)

On the other hand, higher OH− concentration in the bulk
electrolyte will increase OHads coverage rate on Au surface. As
aforementioned, the OHads will also facilitate the elimination of
both H� and H� of adsorbed alcohols through the metal surface
catalyzed process (Eqs. (7) and (8)). As a result, the electrolyte with
higher pH (8.0 M KOH + 1.0 M glycerol) greatly enhances the reac-
tion rate, giving rise to the observed higher glycerol conversion and
lower anode potential (0.29 V vs. RHE). This result can be supported
by our previous studies of electro-oxidation of glycerol over Au/C
in half cell, which showed that the onset potential of glycerol oxi-
dation shifted negatively with the KOH concentration increasing
[38]. The very low anode potential favors the tartronate formation
with a selectivity of 70.6% determined by HPLC analysis. A slight
increase of lactate could be also attributed to this low anode poten-

tial achieved, as it weakens the adsorption of glyceraldehyde on the
Au catalyst. Additionally, the increment of OHads on Au surface pro-
motes the removal of adsorbed C3 intermediate species [24,53] to
form glycerate or tartronate, before they undergo further oxidation
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Table 1
Details of MEA  structure and AEM-DGFC operation conditions.

Entry (a)a (b) (c) (d) (e)

Membrane typeb A201 A901 A901 A901 A901
Anode catalyst loading (mg  cm−2) 1 1 1 1 1
Cathode catalyst loading (mg  cm−2) 1 3 3 3 3
Anode catalyst metal loading (wt%) 40 55 55 55 55
Anode fuel flow rate (ml min−1) 4 4 1 1 1
Cathode gas flow rate (ml min−1) 400 400 100 100 100
Temperature (◦C) 50 50 50 60 60
KOH concentration (M) 2 2 2 2 8
Back pressure (psi) 30 30 0 0 0

a The MEA  structure and operation conditions were used in our previous work
[42].
J. Qi et al. / Applied Catalysis B: En

o mesoxalate or C C bond breaking to by-products of glycolate and
xalate.

Tartronate has significant market potential. A very high
artronate selectivity of 70.6% from direct glycerol electro-
xidation has been achieved in the AEM-DGFC reactor through fine
uning of anode potential, via optimizing the electrode structure
nd reaction conditions. It is worthy to note that the optimiza-
ion of mass transfer of the reactant, intermediates and products
y varying these operation conditions also plays a critical role in
egulating the reaction rate and pathway to the desired products.

.2. Cogeneration of electricity and tartronate with high yield in
EM-DGFC

Compared with the traditional heterogeneous catalysis, electro-
atalytic selective oxidation of glycerol in the AEM-DGFC reactor
s a more sustainable process, in which the valuable chemicals
nd electrical energy can be simultaneously generated [27,42].
s tartronate finds its values in the pharmaceuticals [55], food

ndustries [56–58] and anti-corrosive protective agents [59], we
ocused our efforts on employing the optimum conditions, as listed
n Table 1(e) demonstrating the highest activity and selectivity to
artronate, so as to achieve the high yield of tartronate for potential
ndustrial synthesis applications.
The reaction profile shown in Fig. 4 exhibits that electrocatalytic
elective oxidation of glycerol can achieve a tartronate yield of
1.8% (69.3% of selectivity at 89.2% glycerol conversion) after
2 h, concurrently with energy release of 1527 J in the AEM-DGFC

ig. 4. Electro-catalytic selective oxidation of glycerol on Au/C-NC (55 wt%) in AEM-
GFC under optimized condition for high yield of tartronate. Anode catalyst: Au/C-
C  (1 mgAu cm−2); cathode catalyst: Fe-Cu-based catalyst (Acta 4020, 3 mg cm−2),
nion exchange membrane (A901, Tokuyama Inc.). Anode fuel: 8.0 M KOH + 1.0 M
lycerol, 30 ml,  1.0 ml  min−1; Cathode fuel: high purity O2, 100 ml  min−1, ambient
ressure. Glycerol:Au = 1:1300 (mol:mol); cell voltage: 0.1 V; cell temperature: 60 ◦C
eaction time: 12 h.
b The thickness of Tokuyama A201 and A901 membrane is 28 �m and 10 �m,
respectively.

reactor with Au/C-NC under the optimized conditions. The maxi-
mum  yields of tartronate from heterogeneous catalytic oxidation
of glycerol have been reported to be 58% on Ce-Bi-Pd-Pt/C [20]
and 78% on Bi@AuPd/C [21]. However, mono-Au or AuPd, AuPt
heterogeneous catalysts were found to be rather inefficient for
tartronate production from direct glycerol oxidation [5]. The high
tartronate yield on Au/C electrocatalyst achieved in this work
may  open an alternative route to sustainable electrocatalytic

conversion of biorenewable intermediates to chemicals along with
electricity cogeneration.
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Fig. 4 also shows that as the reaction was prolonged to 12 h,
he glycerol conversion reached 89.2% and the tartronate selec-
ivity only slightly decreased from 70.6% to 69.3%, even though
he anode potential of the AEM-DGFC kept increasing from 0.29 V
o 0.48 V vs. RHE. This indicates that the final products distribu-
ion in bulk electrolyte is governed by both the electrocatalytic
eaction at the electrified catalyst–electrolyte interface that can be
egulated by the anode potential, and the reactants/reaction inter-
ediates/products diffusion/transport through the catalyst layer.
s discussed previously, the MEA  structure and reaction conditions
f AEM-DGFC were optimized to not only lower the anode poten-
ial so as to favor the consecutive oxidation of glycerol to tartronate
ith less C C bond cleavage or over-oxidation to mesoxalate, but

lso facilitate desorption of the intermediates/products off the cat-
lytic active sites and diffusion back to the bulk electrolyte.

The LSVs performed on Au/C-NC in half cell at 60 ◦C with alkaline
lectrolytes of glycerate, tartronate, mesoxalate and glycerol are
hown in Fig. 2(b). The results showed the electrocatalytic activity
equence of these desorbed glycerate, tartronate and mesoxalate

uring the glycerol electro-oxidation. Higher anode potential is
eeded to make them reactive on Au/C-NC electrode. In addition,
revious studies by Lamy et al. have found that the glycolate and

Fig. 6. TEM images and particle size histograms of (a) Au/C-NC, (b) Au/C-AQ
mental 154–155 (2014) 360–368

oxalate cannot be oxidized on Au electrode in alkaline solution in
the potential range of 0–1.0 V vs. RHE, which is within the fuel
cell anode potential window [49]. For this reason, the products
presented in the bulk electrolyte are more difficult to re-adsorb
and further oxidize on the Au catalyst as compared with glyc-
erol, resulting in the relatively stable products distribution in the
bulk electrolyte and no apparent change in the product selectiv-
ity from 1 h to 12 h. In particular, the relatively low activity (onset
potential and peak current density) of electro-oxidation “desorbed”
tartronate may  account for its high selectivity.

However, as glycerol was continuously converted, increasing
concentrations of glycerate and tartronate will accumulate in the
product mixture solution. It is reported that the adsorption of glyc-
erate or tartronate during the glycerol oxidation could strongly
deactivate metal catalysts in the heterogeneous catalysis system,
which is attributed to the formation of ketonic species [48,60].
To investigate the influence of the product salts on the rate of
glycerol electro-oxidation, equal molar glyceric acid was added
to a 0.1 M glycerol solution. Additional KOH was  also added to

neutralize the glyceric acid in order to maintain a close base
to reactant ratio of around 1:1 (mol:mol). Chronoamperometries
(CAs) were carried out on Au/C-NC at 0.8 V vs. RHE, where the

; and (c) XRD patterns of Au/C-NC and Au/C-AQ (55 wt%  Au loading).
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Fig. 7. Electrocatalytic selective oxidation of glycerol on Au/C-AQ (55 wt%) in AEM-
DGFC under optimized condition for high yield of tartronate. Anode catalyst: Au/C-
AQ  (1 mgAu cm−2); cathode catalyst: Fe-Cu-based catalyst (Acta 4020, 3 mg cm−2),
anion exchange membrane (A901, Tokuyama Inc.). Anode fuel: 8.0 M KOH + 1.0 M
glycerol, 30 ml,  1.0 ml  min−1; cathode fuel: high purity O2, 100 ml min−1,  ambient
J. Qi et al. / Applied Catalysis B: En

lectro-oxidation proceeds slowly so that the mass transport effect
s negligible. Fig. 5(a) shows that the oxidation current density
f 0.1 M glycerol remains at ca. 0.28 mA  cm−2 after 1800 s test,
hile with addition of 0.1 M glycerate, it is significantly lower

nd drops rapidly to 0.014 mA  cm−2. The controlled CA experiment
sing 0.2 M KOH + 0.1 M glyceric acid showed no current generation
n Au/C-NC under the same test conditions, which suggests that
he decreased reaction rate is not due to the competitive electro-
xidation of glycerate, but rather due to the inhibitory effect of
lycerate. It is worth to mention that the adsorbed glycerate could
e washed off with copious deionized water and the active sites of
u/C-NC can be recovered, as evidenced by the similar broad peaks
orrelated to the reduction of AuOx during the cyclic voltammetry
n 1.0 M KOH before and after CV tests (Fig. 5b). The mechanism
f the inhibition of supported metal catalysts by reaction interme-
iates/products formed in the course of the electro-oxidation of
lycerol is still elusive and currently under study in our lab. Nev-
rtheless, the deactivation of Au/C-NC will cause the activity loss
f the glycerol electro-oxidation and is responsible for the increas-
ng of the anode potential in AEM-DGFC with the elongated reaction
ime, as shown in Fig. 4. As a result of anode potential increasing, the
electivites to C C cleavage products glycolate and oxalate, were
ncreased from 0.8% (after 1 h) to 1.2% (after 12 h) and 2.5% (after

 h) to 3.8% (after 12 h), respectively.

.3. The effect of supported gold nanoparticle synthesis method
n glycerol selective electro-oxidation

The essential role of metal catalysts well recognized in both
lectrocatalysis and heterogeneous catalysis is to enhance the
dsorption, activation and transformation of reactants and reac-
ion/reactive intermediates. Various synthesis routes have been
rovided to prepare metal catalysts with controlled size, size
istribution, structure and morphology, which can drastically
ffect the activity and selectivity of the heterogeneous catalysts
8,10–12,15,61]. Aiming to study the effect of metal nanoparti-
le catalyst synthesis methods on the electrocatalytic oxidation
f glycerol, we compared electrocatalytic oxidation of glycerol
ver Au/C catalysts prepared via two synthesis methods, namely
anocapsule method (Au/C-NC) and aqueous-phase reduction
ethod (Au/C-AQ). The Au/C-NC was prepared by reduction of
uCl3 precursor in organic phase solution and C18 surfactant oleyl-
mine served as the stabilizer; while the Au/C-AQ was  prepared by
eduction of AuCl3 in water phase and citrate was used as the stabi-
izer. TEM images show that the average particle size of Au/C-NC is
.0 nm (Fig. 6(a)), which is smaller than that of 4.7 nm for Au/C-AQ
Fig. 6(b)). The crystal sizes obtained from (2 2 0) diffraction peaks of
RD are 2.1 nm and 4.6 nm for Au/C-NC and Au/C-AQ, respectively,
hich agrees well with the TEM characterizations. It is important

o note that the size distribution of Au/C-NC ranging from 1–6 nm
s also narrower than that of 1–10 nm for Au/C-AQ. The variation of
article sizes and size distributions observed from the two prepa-
ation methods can be attributed to the nature of stabilizers and
olvent used. Oleylamine with a long-chain primary alkyl-amine
an act as electron donor and has strong affinity to Au nanopar-
icles at the synthesis temperature (80 ◦C) [62], whereas citrate is
urely an electrostatic stabilizer that interacts weakly with the Au
anoparticles [61]. Therefore, the organic phase based nanocapsule
ethod can protect Au particles more effectively from aggrega-

ion in the preparation process compared to aqueous phase based
ethod.
The electro-catalytic oxidation of glycerol over Au/C-AQ anode
atalyst was performed in AEM-DGFC under the same optimal
onditions as Au/C-NC. Fig. 7 shows that glycerol conversion of
5.6% was achieved on Au/C-AQ together with energy generation
f 1666 J, which are higher than those for Au/C-NC (89.2% with
pressure. Glycerol:Au = 1:1300 (mol:mol); cell voltage: 0.1 V; cell temperature: 60 ◦C
reaction time: 12 h.

1527 J of energy generation, Fig. 4). However, the tartronate yield
on Au/C-AQ was  61.2% with 10.5% carbon balance, which is very
close to 61.8% with 12.5% carbon balance on Au/C-NC as shown in
Fig. 4. A possible explanation of different activities may  lie in the
residual hydrophobic oleylamine on the Au surface [63] limits the
accessibility of fresh glycerol across the surfactant ligand layers.
The relatively clean surface of Au/C-AQ realized by easy removal
of citrate also increases the residence time of reactants/reaction
intermediates near the Au/C-AQ active sites and liberates a fraction
of active sites for the sequential glycerol electro-oxidation, thus
enhancing the rate of further oxidization of the secondary OH of
adsorbed C3 species to mesoxalate or C C breakage of adsorbed C3
species to glycolate and oxalate, following the pathway proposed
in our previous publications [28,42,44]. As a result, after the 12 h
reaction, the selectivities to mesoxalate from 8.9% to 2.8%, glyco-
late from 3.0% to 2.1%, oxalate from 8.6% to 9.6% on Au/C-AQ were
observed, which are higher than 4.3–1.2% (mesoxalate), 0.8–1.2%
(glycolate) and 2.5–3.8% (oxalate) on Au/C-NC. The changed prod-
uct selectivity during the reaction is perhaps due to the change of
Au polarization (anode potential), resulting from the continuous
conversion of glycerol and change in product distribution. Further-
more, our results are in good agreement with Hutching’s group
work [64]: the surfactant bonded to catalyst surface will not appar-
ently change the product yield, while a clean catalyst surface could

enhance the reaction rate. Research on preparation of Au-based
bimetallic catalysts for electro-oxidation of glycerol in AEMFC is
currently underway in our lab.
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. Conclusions

Electrocatalytic selective oxidation of glycerol over Au nanopar-
icle catalysts to tartronate with a high yield of 61.8% with
ogeneration of electrical energy of 1527 J (12 h) has been achieved
n a 5 cm2 AEM-DGFCs. The MEA  structure and reaction conditions

ere found to be able to strongly influence tartronate selectivity
uring the glycerol electro-oxidation. Rational optimization of the
EA  structure, flow rate, oxidation temperature as well as the elec-

rolyte pH could not only tune the anode potentials to <0.45 V in
avor of tartronate production, but also improve the mass trans-
ort of the reactant and products/intermediates so as to improve
he reaction kinetics and desorption rate of produced tartronate
ff the active sites. The half-cell study on electro-oxidation of C3
roducts (glycerate, tartronate and mesoxalate) shows they are less
ctive than glycerol on Au/C, therefore, they are not likely to be
urther oxidized upon diffusion into the bulk electrolyte. Partic-
larly, the lowest electro-oxidation activity of tartronate may  be
elated with its high selectivity and yield. Furthermore, two Au/C
atalysts prepared through the nanocapsule method (Au/C-NC)
nd aqueous-phase reduction method (Au/C-AQ) were investigated
or the electro-catalytic oxidation of glycerol. Au/C-AQ has larger
article size (4.7 nm vs. 3.0 nm for Au/C-NC) and broader size dis-
ribution (1–10 nm vs. 1–6 nm for Au/C-NC) due to the different
ature of capping agents employed in the synthesis. Under the
ame electro-oxidation reaction conditions, the conversion of glyc-
rol obtained on Au/C-AQ with cleaner surface was 95.6% in 12 h,
hich was higher than Au/C-NC of 89.2%, resulting in higher elec-

rical energy generation (1666 J vs. 1527 J). However, the residual
urfactants presented on Au/C-NC do not apparently change the
roduct yield, evidenced by the very close tartronate yields with
u/C-AQ (61.2%) and Au/C-NC (61.8%).
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52] M.L. Avramov-Ivić, J.-M. Leger, C. Lamy, V.D. Jovic, S.D. Petrovic, J. Electroanal.

Chem. 308 (1991) 309.
53] B. Braunchweig, D. Hibbitts, M.  Neurock, A. Wieckowski, Catal. Today 202

(2013) 197–209.
54] S.C.S. Lai, S.E.F. Kleijn, F.T.Z. Öztürk, V.C. van Rees Vellinga, J. Koning, P.

Rodriguez, M.T.M. Koper, Catal. Today 154 (2010) 92–104.
55] C.A. Gandolfi, L. Cotini, M.  Mantovanini, G. Caselli, G. Clavenna, C. Omini, (Dom-

peFarmaceutici S.P.A), WO 1994010127, 1994.
56] S.E. Solovyov, (Multisorb Technologies Inc.), WO 2007013978, 2007.
57] T. Powers, (Maultisorb Technologies Inc.), WO 2006016916, 2006.
58] T. Powers, (Maultisorb Technologies Inc.), WO 2005040304, 2005.
59] P.M. Bizot, B.R. Bailey, P.D. Hicks, (Nalco Chemical Company), WO 1998016475,

1998.
60] N. Worz, A. Brandner, P. Claus, J. Phys. Chem. C 114 (2009) 1164–1172.
61] A. Villa, D. Wang, D.S. Su, L. Prati, ChemCatChem 1 (2009) 510–514.

62] S. Mourdikoudis, L.M. Liz-Marzán, Chem. Mater. 25 (2013) 1465–1476.
63] Z. Zhang, L. Xin, K. Sun, W.  Li, Int. J. Hydrogen Energy 36 (2011) 12686–12697.
64] J.A. Lopez-Sanchez, N. Dimitratos, C. Hammond, G.L. Brett, L. Kesavan, S. White,

P.  Miedziak, R. Tiruvalam, R.L. Jenkins, A.F. Carley, D. Knight, C.J. Kiely, G.J.
Hutchings, Nature Chem. 3 (2011) 551–556.

http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0005
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0010
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0015
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0020
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0025
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0030
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0035
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0040
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0040
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0040
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0040
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0040
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0040
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0040
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0040
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0040
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0040
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0040
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0045
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0050
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0055
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0060
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0065
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0070
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0075
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0080
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0085
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0090
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0095
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0095
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0095
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0095
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0095
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0095
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0095
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0095
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0095
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0095
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0095
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0105
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0110
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0110
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0110
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0110
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0110
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0110
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0110
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0110
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0110
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0110
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0110
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0115
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0115
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0115
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0115
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0115
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0115
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0115
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0115
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0115
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0115
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0115
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0120
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0125
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0125
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0125
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0125
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0125
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0125
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0125
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0125
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0125
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0125
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0130
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0130
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0130
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0130
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0130
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0130
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0130
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0130
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0130
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0130
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0130
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0130
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0135
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0140
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0145
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0150
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0155
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0160
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0160
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0160
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0160
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0160
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0160
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0160
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0160
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0160
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0160
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0165
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0170
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0170
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0170
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0170
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0170
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0170
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0170
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0170
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0170
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0170
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0170
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0175
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0180
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0185
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0185
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0185
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0185
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0185
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0185
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0185
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0185
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0185
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0185
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0185
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0185
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0190
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0195
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0200
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0205
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0210
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0215
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0220
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0225
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0230
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0235
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0240
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0240
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0240
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0240
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0240
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0240
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0240
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0240
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0240
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0240
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0240
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0245
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0250
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0255
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0260
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0265
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0270
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0300
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0305
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0310
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0310
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0310
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0310
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0310
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0310
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0310
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0310
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0310
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0310
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0310
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0315
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320
http://refhub.elsevier.com/S0926-3373(14)00133-7/sbref0320

	Electrocatalytic selective oxidation of glycerol to tartronate on Au/C anode catalysts in anion exchange membrane fuel cel...
	1 Introduction
	2 Experimental
	2.1 Chemicals
	2.2 Preparation of Au/C catalysts
	2.3 Physical characterization of Au/C catalysts
	2.4 Membrane electrode assembly (MEA) fabrication
	2.5 Anion exchange membrane fuel cells (AEM-DGFCs) test and product analysis
	2.6 Half cell test

	3 Results and discussion
	3.1 The effects of MEA structures and reaction conditions on the tartronate selectivity in AEM-DGFC and electro-oxidation ...
	3.2 Cogeneration of electricity and tartronate with high yield in AEM-DGFC
	3.3 The effect of supported gold nanoparticle synthesis method on glycerol selective electro-oxidation

	4 Conclusions
	Acknowledgements
	References


